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TELEPHONE CONSTRUCTION AND MAIN'IENANCE 
ON THE NATIONAL FORESTS. 

Drl'RODUCTION. 

Telephone communication is indispensable to fire protection and 
to quick and efficient methodE of conducting National Forest busi­
ness. After the tra.nsportation system has been reasonably devel­
oped, telephone communication should he given first place in improve­
ment work:. When completed, the telephone system on the National 
Forests will undoubtedly represent a vary large investment, and 
every effort should be made to obtain the m~tximum efficiency and 
service. 

The instructions eonteined in this manual are issued to secure 
standardization and uniformity in practice and methodE, and should 
be followed in the construction of the line and the installation of 
equipment, unless otherwise ordered by the district forester. Devio.­
tions, however, may be made in the case of minor work and work of 
a temporary nature, if aoy are called for. Whenever considerable 
variation from the instructions is proposed, either in material or 
methodE, the matter must first be submitted to the district office. 
The dimensions shown upon the illillltrations will be followed as 
closely as conditions permit. 

GENERAL POLICY. 

Telephone lines are built aod will be extended in the National 
Forests wherever their use will irumre more effective firs protection 
and more economical edministration, and where the territory covered 
is not served or probably will not be served by commercial lines on 
o.ccount of inaecessibility and absence of subscribers. In general, 
the telephone lines should be built between raoger stations 8.1ld 
between lookout and ranger stations. Connections should be made 
to place the supervisor's headquarters in communication with each 
ranger and lookout. Where possible, the service of already established 
commercial lines should be used, and such connections made to their 
switch cent<>rs ae will lessen the necessary construction of Forest 
Service lines. 

NO'l'X.-Thm manual. is • r&vtsion a.nd amplitleatkln oland s:u~ the unnumbered clrcula.r, entitled 
••:tnstruettuns: for the D1Jfldlng- and lhmtenanne ol Telephone Lines on t:he National ff;ll't:$ts,'' by C. H. 
Starkweather, j:r., lmted September, 1912. &vemldingramsand mostctthematerlalw. tn\ewlb:lboonsttt~o­
tion included in tho present ma.nual '"'re aupplied by R. B. Adams, Superintendent ilf T&lepiloae Col:t< 
~ District 1. 

7 



8 TELEPHONE COXSTRUCTION AND MAINTENANCE. 

COOPERATlON Wl'l'H COMPANIES .!ND INDIVIDUALS. 

Cooperation between the Forest Service and companies or indi­
viduals which would involve joint ownership, construction, or main­
tenance of telephone lines introduces a division of responsibility 
which may affect communication and maintenance, as well as future 
growth and extensions, and therefore will not be entered int<> except 
in unusual instances, and than only with the specific approval of the 
district forester. 

Commercial companies and settlers should be encouraged to build 
lines on and near the forest<;. The act of March 4, 1913, permits the 
free use of timber for the construction of telephone linoo necessary 
for the protection of the National Forests from fire. Therefore in the 
cooperation with telephone companies and individuals it is proper 
for f<lreSt o:ffic.ers to issue free-use permits for poles to be used in the 
construction and maintenance of telephone lines in and near the 
National Forests whenever such lines will aid matorielly in fire pro­
tection. The general cooperative agreements with large commercial 
companies will follow the form which has been approved by the 
Secretary of A,oricultnre. {See Appendix.) Supervisors may con­
tinue to issue special-usc permits for private or independent lines. 

VSE 0:11' LINES. 

Miners, settlers, logging foremen, and other pere<>ns needed in the 
lire plan of a Forest may be appointed per diem patrolmen and allowed 
telephone service free. A.s far as practicable, without overloading 
the line, other persons in the National Forests may be ellowed tele­
phone service under a schedule of charges to be approved by the 
districtforester. 

The number of telephones that can be allowed on Forest Service 
lines is of necessity limited. Each additional telephone increases the 
electrical load and lessens by this amount the reserve capacity for 
future growth, and more particularly for emergencies. Because of 
the unusual exposure to which Forest Service lines are subject<>d, 
leakage and resistance may be so great in emergencies as to require 
all the reserve capacity. There are times when it is necessary to 
signal over the line from outlying and lookout stations, or from port;.. 
able instruments cut in along the line or operating over emergency 
linoo. Forest officers should have these point<; in mind when con­
sidering applications for special-use permits covering the connection 
of nou-Forest Service telephone instruments. A.s a generalrnle, such 
permits should not be issued on lines that will form a part of a circuit 
throngh a Forest. 

Under usual conditions telephones directly tied in to the main line 
should not be closer than every 5 miles. These should be confined to 
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those used by forest officers or under permit by per diem fire guards. 
The Service will make its own installations and maintain them with­
out expense to the permittees for the fire protection afforded. 

Settlers, miners, and others off the main line who may have tele­
phone service as just described, but who are nearer than the &-mile 
interval, should be encouraged to build short branch lines at their 
own expense, under Forest Service standards of construction, and 
may be permitted to connect with a Forest Service line at a year­
long station. When a branch line is so constructed, the settlers should 
be encouraged to form a company in order to provide for better 
service. A charge permit will he issued. Cooperative arrangements 
where connection with Forest Service lines is desired will be ap­
proved by the district forester. 

IMPROVEMENT PLAN, 

The plan ior a telephone •YBtem will include a map end a report. 
The map should show existing Forest Service and privat<> lines BJld 

their character, and the location of exchanges and instruments, also 
the location and character of all new construction which will be 
necessary to meet the needs of Service busines~ during the n~t 
five years. In addition, the map should show high-teus1on electnc 
transmission lines, roads, trails) ranger stations, lookouts, and all 
other features which may influence the establiehment of the •YBtem. 

The report should discuss, in the order of their importance, the 
propoeed new lines, their need, location, character, and cost. The 
telephone •YBtems should be grouped by natural divisions, each being 
designated by its two terminah. A branch line should be designated 
by its terminal and the divisions of which it is a branch. 

The district forester will prepare, from the information fnrnlshed by 
the supervisors, a map of the entire district, showing the existing 
and proposed lines. This will insure coordination of plans between 
the various Forests and with private systems. He will then issue 
instructions covering the general plan of the telephone system for 
each Forest,. 

STANDARD METHODS. 

Since the Forest Service lines are primarily for fire protective 
purposes, they should embody the best ~rinciples of construction, 
and every precaution should be taken to msure contmmty and de­
pendability of communication over them at all times and especis.lly 
during fire seasons. . . . . . 

In the building of a telephone line the pomt of first cons1de.rat10n IS 

the countrv to be covered ll.lld the possible future wnnections to the 
Bystem. Consideration can then be given to the type of construc­
tion and method of transmission. 

SS006" -15--2 



10 TELEPHONE CONSTBUCT!ON A.~D MAINTENANCE. 

The telephone wire may be strung either on poles or on trees. In 
open country and along cleared highways and trails the standard 
pole-line construction is preferable. The advantages of this typo are 
simplicity of construction, uniformity of material, low oost of main­
tenance, neat appearance, straightness of line, and accessibility for 
inspection and repairs. However, when a pole line OJ<tends through 
timber, falling trees break the wire and pull off the brackets, thus 
rendering its service unreli"ble. To get the best results from a pole 
line throngh timber it is n""""'a:ry to go to the expense of clearing 
a right of way, which is often imprs.cticable. The insulation tost of 
wire strung on brackets and insulatom on e. pole line is higher than 
for that pl..ced on split insulaton on a. tree line, but the latter, when 
properly constructed, will give the better service in timbered 
country. 

Tree lines should be constructed (1) where trees are plentiful; (2) 
where poles are scarce or inaccessible; (3) where rock, close to the 
ground surface, would cause expansive post holes; or (4) where the 
quality of the soil is such that the poles would last only a few years. 
The deciding factor is usually the cost of construction and mainte­
nance. If sufficient funds are available and suitable conditions exist, 
a pole line should be constructed. 

There are two methods of trfi.IlSmission-(1) by a grounded line, 
(2) by a metallic circuit. The former should ordinarily be used. The 
ouly advantage of the met,.Uic ci:rcult over the grounded line is in the 
elimination oi cross-talk between lines and induction from power 
transmission and other lines. It will be used ouly where there is such 
outside interference. "Usually the metallic circuit is not practicable 
on a tree line, owing to the chance of short-circuiting by falling trees. 
It may be used, however, aft~r obtaining the approval of the di•trict 
forester, whenever conditions seem to require it. 

:FACTORS lNFLUE.~CING LOCATION. 

The relation of the propOsed line to the telephone system, present 
and proposed, should be kept constantly in mind. This will in­
fluence the type and char..ctor of construction. If the proposed line 
is a trunk line, the possibility of connecting to it short branch lines 
from lookout points and runger and fire stations should be considered. 

The following additional points should be observed when locating 
te]ephoue lines: 

(1) The location of the most logical switching centers for con­
nection with other lines. 

(2) Topographical location, By avoiding steep slopes, cliffs, high 
divides, river beds, ll.lToyos and streams, and canyons more than 500 
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feet in width, the danger from snowslides, landslides, floods, o.nd high 
winds will be lessened, By following roada and main trails, frequent 
inspection will be facilitated and maintonance sirnplliied. 

(3) Location of other electrical circuits. Electric light, power, 
and high-tension transmission lines shonld be avoided whenever 
poa.sib]e, A high-tem!ion transmission line carrying over 5,000 volts 
should not be psralleled at a. distance of less than one-half mile, and 
all crossings and approaches between telephone and power trans­
mission lines should be at right angles. 

( 4) The probabilities of future growth and exteneions. 
(5) The len,o1:h of the line. Other costs being equal, the cost of 

construction and maintenance varies as the line length. ' 

8lJRVEY. 

A preliminary survey or reconnaissance is necessary in order that 
the length of the line may be ascertained and its cost estimated. 
The thoroughness of the survey will depend upon local conditions. 
A transit line with chained distances may be necessary in some 
cases, while in others a walking or riding reconnaissance will be 
sufficient. The location detorm.ined by the survey, however, need 
not be taken as final; deviations from it should be made n it is 
found, during the course of construction, that greater reliability can 
thus be secured. 

'\'lhenever a pole line is to be constructed, either in whole or in 
part, marking stakes shonld be set in line at the proposed locations 
of the holes. Each stake should be marked to indicate the height 
of the pole for that particular position, the depth of the hole, the 
kind of hole to be dug-whether an anchor or a stub hole, whether 
the pole is to be guyed or brs.ced, and the amount of the rake (fig. 1, 
p. 19) at curves and comers. 

Es.ch tree that is to be used should be blazed and marked with 
red chalk on the side to which the split insulator is to be attached. 

ltiGHT OF WAY. 

If it is propo&Jd td build any part of the line off the Forest, or 
over alienated land within the Forest boundary, right of way should 
first be obtained, The regular form, which will be furnished by 
the district forester, should be used. Verbal permission is not 
sufficient. 

If it is desired to string wire on poles belonging to a privat<J com­
pany, writteo permission should be secured before any coiiBtruction 
is begun. 



12 TELEPHONE CO~STR'CCTION AND MAlNTENANCE. 

CLEAltiNG RIGHT OF WAY. 

When a pole line is to be constructed, a right of way at lea.st 
wide enough for a bridle l:r•il should be cleared through any dense 
underbrush or chaparral. Small trees directly under the wire 
line, which by their future growth might touch the wire, should 
be cut down at the outset. All trees and limbs, alive or dead, hang­
ing over the cleared right of way, which would be likely to fall on, 
c.,;tch, or rub against the wire, or which might be borne down upon 
the line by wind or weight of snow, should be cut. Everything, in 
fact, that might at the pr..,nt or in the near future cause trouble 
on the line should he cleared before or at the time the wire is st:rung. 
There should be at least 4 feet clearance from foliage on all sides of 
the line wire throughout its entire length. On account of the expense 
of clearing, dense growth should be avoided, though not at the sacrifice 
of a proper location for the line. 

If the line is to be attached to t:rees, it is not advisable or necessary 
to top the trees to which the split insulators are fastened, except 
where the line has to cross over a windy canyon or in places exposed 
to a strong wind. Under such conditions the trees should either 
be topped or else poles used, preferably the latter. It is usually ouly 
necessarv to l:rim the branches on the insulator side of the t:ree to 
a suffici~nt height for attaching the split insulator. "Cudergrowth 
between spans should he trimmed sufficiently to allow at least a 
4-foot clearance of the line wire. Any daagerous snags or rotten 
trees in the close vicinity of the line should be cut. 

The d6bris resulting from such clearing adds to the fue danger 
and should be gathered into piles and burned. Ii practicable, this 
should be done during construction work or shortly after its com­
pletion. If not practicable then, the b:rush should be piled and left 
for burning at a time when conditions are favorable. 

ORGA.NIZATlON AND IIIQUTI'lo~ENT OF CONSTRUCTION CRIIIWS. 

The foreman will be responsible for the work on the line in accord­
ance with the instruction he receives. Whenever posaible he should 
be a forest officer, carefully oolected for his experience in tele­
phone construction and in handling men. The size of the crew wt11 
depend upon the extent of the work, the quulifications of the indi­
vidual members, and the time available for completion. 

A crew may consist of a foreman, one ground assistant, two line­
men, one utility man (swam per and linell1R11), and, if necessary, a 
rook. If more speed is desired, one or two additionullinemen may 
be employed, provided arrangement is made to swamp the line and 
diatribute materials with sufficient rapidity, to do which may require 
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one or two additional groumlmen. Which members of the crew will 
dig the holes, which distribute the material, and which erect the 
poles will be determined by local conditions. 

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

On~ 7-foot shovel, Westorn Union pattern. 
One extl"'i\ heavy, straight-handle, ftaMoe spoon, Weatern "Gnion pattern, 7·foot 

lumdle. 
One l~inch hy 8-Ioot octagon steel digging bar. 

Each lineman on tree lines should be provided with the following 
eq1upment: 

One com.billl\tion wire and sleeve splicing damp. This is of the reversible type, 
one aide being used for Mclmyre sleeves and the other ior Western Union connection.t 

Ouo pair 8-inch lineman 1s pliers. 
OnQ pair of Eastern climbers, with strnps. Thef!B run from 14 to 19 inches in length 

by t-inch interval~>. 
One belt and safety stnl.p, 
One hand ax. 

A construction crew on pol<J-line work should also be provided 
with: 

Two Buffalo grlpa. 
One Raven's steel cla.sp. 
One &.inch, double-pulley bkx:k {with one hook). 
One 3-inch, doubhrpulley block (with hook and eye). 
Thirty-five feet }--ineh sash cord. 

TRANSPORTATION AND DISTRmUTION OF lii:ATIIIRIALS. 

The wire, brackets, insulators, and other equipment should be con­
-veyed from the railroad point or the place of purchase to the pro­
posed line by automobiles, teams, or horses. Tirr:e !IIld money will 
be saved if construction work is not started until >ill necessary line 
equipment has been diat:ributod to its proposed location or to some 
convenient point. Wire and otber metal should be kept off the 
ground. 

It will often be necessary to pack the wire on horses. The maxi­
mum load for one "horse is " half coil of No. 9 wire (weight 157 
pounds). 'This may be packed on the horse in several ways, but the 
following method is suggested: Run a cross stick lengthwise between 
the crosstrees on the packsaddle, tying each end securely. Then 
split the coil of wire in hulf and place it over the top of the stick 
connecting the crosstrees so that one-half of the coil is on each 
side of the saddle. Finally throw a di!l.lllond hitch over tbe whole. 
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CONSTltUCTION OF POLE LINES. 

SELECTION OF POLES. 

Poles should be cut as near the proposed line as practicable. The 
best and most durable timber, such as the cedar redwood chestnut 
tamarack, and Douglas fir should be used, if it' can be obtained at 
a re!ISOnable cost. 

All poles should be cut from live or dead standing trees and should 
be free from heart or butt rot, or any other defect which might 
weaken the:". As. a means of reducing the cost of poles delivered 
at the hole 1t may Ill some cases be desirable to purch88e poles from 
commercial companies. 

Whenever possible poles and braces should be cut in winter to 
secure better seasoning. They should be peeled as soon ..., cut and 
all knots and branches trimmed close. Poles should be reasonably 
straight and of the following dimensions: 

,_' _F""_h_'~_lc_'; -I-_._ .. _~_!1,_/_F"'_~_· - :::r I 
When a line will be subjected to severe stresses from high winds 

or unusual strains these diameters should be increW!ed by from t 
to 1 inch. High poles should be of very fine quality. The butts 
of poles should be cut off square; the tops should be cut slanting on 
beth sides to form a right-angle ''roof" (fig. 4). 

SKIDDING AND SEASONING. 

It is sometimes possible to collect a number of poles or braces at 
one point as they are cut, and later to distribute them along the line 
without undue expense. In such cases the poles should be com­
pletely barked and piled in tiers, with a space of at least 6 inches 
between poles in the same tier and between tiers. The bottom tier 
should be of sufficient height from the ground to allow of the froo 
circulation of air under the poles, which should be seo.soned for at 
least two or three months. Seasoned poles are lighter and therefore 
easier to handle, and are usually more durable. 
. When it is not feW!ible to collect poles or braces at one pomt, the 
mdiVIdual pteces should be peeled and raised off the ground or leaned 
agamst trees or rocks in an open position to seW!On. Sound dead 
timber need not be seMoned. · 

PRES:&RVATIVE TREATMENT. 

lf durable woods can not be obtained at a reW!Onable cost, it may 
be necessary to give the poles preservative treatment. Before doing 
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this, however, the district forester should be consulted.' The poles 
of branCh lines less than 3 miles long need not be treated in any CW!C 
unless the branch is constructed at the same tinie !IS a treated main 
line. 

There are several methods of treating poles, but the three following 
have proved the most successful. Before any treatment is applied 
all adhering bark, including the inner fibrous bark, should be removed 
with a drawknife from the portion of the pole to be treated. 

(l) Open-tank method: 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 preservativ~ used. 

(2) St":"-dard B<:ucherie process: This process consists in foreing a 
preservative solutwn through the poles by hydrostatic pressure 
developed by having the preservative in a tank about 25 feet above 
the poles. Copper sulphate is employed. 

(3) Brush treatment: This process requires less equipment than 
any other, but the results are not nearly so good as the open-tank 
method. A brief description follows: Hot creosote or hot carbo­
lineum is applied to the poles with iron-bound brushes for a spac<J 
of about 1 foot above the ground line and 2 feet below it, thus 
forming a band 3 feet wide. AU seW!Oning checks and knot holes 
should be carefully filled and the preservative applied as freely as 
possible without WW!te, putting on all that the poles will absorb. 
.After an interval of at leost 24 hours the poles should be treat<>d with 
a second coat applied in the same manner. 

In hot, dry weather the creosote should be heated to a temperature 
of from 120° to 150° F. and in cold weather to 180' F. These tem­
peratures, however, should not be exceeded. In heating the creosote 
the utmost precaution should be taken to prevent accidents. If the 
heating vessel is allowed to boil over or if creosote is spilled and 
allowed to burn on the outside of the vessel, the contents is pretty 
sure to ignite and burn fiercely. If creosote 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 surlace of the pole is wet from rain; snow, frost1 or is frozen. 

The tops of the poles and the places where the brackets and braces 
are to be attached should also be treated with two coats of hot 
creosote, and the same is true of the butts of braces and the slanting 
top which is to rest against the pole. 

A convenient outfit for brush treatment consists of a 5 or 10 gallon 
can or iron pot, a 3-gallon pail, !-gallon dipper, a 4 or 5 inch wire­
bound brush, and a thermometer. 
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LE~GTH OF POLES. 

The st=dard pole is 22! feet long, and this ilimension 'i\~ll be used 
in all but special cases. Poles shorter than 22t feet may be used, 
mth the approval of the district forester, pronded the standard 
length is not available or lor some reason is undesira.ble. When a. 
line crosses solid rock, and when it would be cheaper, the use of 2 or 
2! inch wrought-iron pipes for short-length poles should be consid­
ered, notmthstanding their liability to rust. Such poles may be 
fitted into drilled holes, thereby making blasting unnecessary. There 
are several forms of comrnercie1 brackets and pins whieh1 by the use 
of little ingenuity, may be set into the top of the pole.s or fasteood 
to the side by carriage bolts. 

Poles longer than 22!; feet may be used: 
(1) Where the spacing of the poles is such that the required sag in 

the line would bring the wire too close to the ground. 
(2) Where the underbrush exceeds 10 feet in height. Use poles 

that will keep the lowest wire at least 4 feet above the highest brush 
at the middle of the span. 

(3) Where snow is likely to drift to depths exceeding 10 feet. 
Use poles that will keep the lowest mre at least 2 feet above the 
maximum height of the drift at the middle of the span. 

(4) Where it is necessllJ.'}' to grade the line to overcome abrupt 
changes in level There should not be an abrupt change; for example, 
from a 22-foot pole to a 45-foot pole, but instead, from a 22-foot to o. 
30-loot, and then by gradual lengthening of pole until the 45-foot 
length is reached. 

(5) Where the line crosses wagon roads or railways. Use poles 
that will allow a cleara.nce betmlen the lowest wire of at least 15 feet 
above a road and 27 feet above a ra.ilway, measured from the middle 
or highest point of the road or track. Greater heights must be main­
tained if required by Stat<l laws. (See Crossings, p. 41.) 

(6) Where necessary to cross over instead of under other pole 
lines. (See Crossings, p. 41.) 

(7) _.u the ends of long spans (more than 500 feet) across rivers 
and canyons. Special poles or construction, approved by the dis­
trict forester, should be used. 

ERECTION OF POLES. 

DlSTJUBUTION OF FOLES. 

In di•tributing poles along a line, the heanest ones should be 
selected for use on curve.S1 at corners, at the ends of long spans, and 
at termin.als. 

SPACING. 

On straight sections poles should be set 176 foot apart, which is 
equivalent to 30 polei per mile. For a grounded line carried on 

' ·-~::.• f 
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poles, the distance apart, under favorable conditions, may be 200 
feet, or about 26 poles to the mile. Ch=ges in the direetion of a line 
should be made gradually by spreading the curve over "'' many poles 
as p.,Uble, raking each pole outward to offset the strain. On curves 
a.nd comers where the pull is from 10 to 3Q feet, the pole spacing 
should be reduced to 100 feet. Where the pull is more than 30 feet, 
the turn will be made on two poles, approximately 100 feet apa.rt, 
wtth equal spacinge in the adjacent spans on either side. At right­
angle corners the length of the section on either side next to the corner 
pole should not exceed 100 feet. 

Where it is necessary to make a span of from 200 to 300 feet the 
adjacent sections should be 100 feet in length. Spans of from 300 to 
500 feet should have two sections of 100 feet on each end. For spans 
of more than 500 feet special eoru~trnction is required. 

Where the line crosses solid reck the length of spans may be in­
C1'08Sed up to 300 feet 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 mth the district office. 

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

DIGGING HOLES, 

On straight sections holes should be vertical, uniform in size from 
top to bottom, and 'at leMt 6 inches larger in diameter than the butt 
of the pole. This will permit the ea.rth 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 Table 1. On 
curves or in soft soils, however, holes should be at least 6 inches 
deeper than the figures given. · 

TABU!, 1.--Biu oflwlefor dijfn'<nt limg& of pok. 

Fat. i F«t. F«t. F«t. F«t. &a. 

" I 
4 

l il 
"' ' ~ ~ 4 .. I 

,, 
" 

3j " 'I 5 

"' ' • 
88966"-15-3 
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On a hillside the depth of a hole should be measured from the low­
est side of the opening. Where the hillside is so soft that the pole 
may possibly Irick out, the depth of the hole should be determmed 
by the foreman. 

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

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. 

Pole st<pa.-8teps should be used on ~ poles over 30 feet high or 
to which telephone apparatus, such as sWitch boxes and t<JSt stebons, 
o.re attached. The steps are of galvanized iron, !. by 9 inches. They 
should be driven alternately . into the -opposite . sides of the pole, 
parallel to the diroction of the line, and spaced 18 inches on centers. 
The line of the stepe should be parallel to the center of the poles. 

Glass insulators.-Gl~UJS insulators of the type known as regular 
pony long-distance type, weighing approximately 14 ounces each, 
and conforming to the specifications of the American Telephone & 
Telegraph Co., should be used on all lines built of No. 9 wire when 
strung on poles. No. 9 pony glass may be used for all lines built of 
No. 12 wire strung on poles. 

Braikets.-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 center of the curve, so that the 
line wire will pull them against the poles. Brackets should be na?ed 
to the poles with one 60-penny and one 40-penny galvaruzed-tron 
wire nail. For one-wire lines the top bracket position will be used. 

It is not necessary to shave the pole at the place where the bracket 
is attached. 

On straight section. 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 c<Jnter of the curve (fig. 4). 

As an additional safeguard whenever a line crosses the tracks of a 
railroad two brackets with insulators placed side by side should be 
uood on' the first pole on each side of the track. Where a line is 
attached to a large pole at a shari corner two brackets slightly 
separated will be used, in order to keep the line wire clear from the 
pole. 

Lightwing rods.-Lightning rods should be placed on pules before 
thev are set In ordinarY situations a rod should be placed on every . . . 
tenth pole. · 

In exposed1 mountainous regions, or where the line cros.o;es moun­
tain ranges or divides, a rod should be placed on every fi:Hh pole. It 
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should be the same kind of wire as the line, and long enough to reach 
from 6 inches above the top of the pole to about 3 feet below the 
bottom. The upper end of the wire should be bent back about 3 
inches from the end and given several turns about itself; the lower 
end should be made into a small coil of three or four turns, 5 or 6 
inches Mross, at the bottom of (not around) the pole. The rod 
should then be attached to the pole with 2-inch staples "t intervals 
of 3 feet, at a point one-fourth the distance around the pole frum 
the bracket1 running in a 
straight line to the ground, 
the upper end projecting 
about 3 inches above the 
ridge of the pole. The wire 
coiled at the bottom should 
be bent into place or stapled 
at the bottom of the pole 
so that the latter, when 
set, will rest on the coils. 

After the pole is set and 
the line wire attached, ao 
inapection should be made 
to make sure that there is 
no contact between the 
lightning-rod wire and the 
line wire. 

Lightning ·rods are not 
necessary in tree line con­
struction. 

SE'ITlNG POL:&S. 

rx 
' ' ' ' ' ' i 
' 

Onstraightsectionspoles 6rot/nd Line 

should be set vertically. ~~~~E~~~: On curves or at corners 
the poles should be placed CORNERS 

so that they will incline 
outward :from the center of ,.,._ 1:-l»>>lnillnnor -· 
the curve (fig. 1). 

When the pull is Jess than 5 feet the rake should be about 10 inohes 
(fig. 2); with a pull offrom 5 to 10 feet, 15inches; and with more than 
10 feet, about 25 inches. These figures apply to the top of the pule 
after it has been set and before the line wire is attached. Warped or 
crooked poles should be set so that the crookedness will offset the pull 
of the line wire at the ends of long spans or on curves or corners. 
No attention need be paid to the possibility of the line wire changing 
the amount of rake. These specifications are approximate and may 
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be e.."tceeded without harm. Rake is sometime necessary even though 
the pole is braced or guyed. 

X 

THE f'ULL ON COI?NER POL£ A t::QUALS OtMEN5/0N X 
MEASURE[) ON GROUND LINE. USE SAME Mt::TifOO FOR 
Ot::Tt:RM!NING PULL ON EACH .POLE IN ,4 CURVE 

Poles should be set with the roof ridges at right angles to the line 
wire, except when cl'OilS arms are used., in which case the ridge 

Locaflon of' go/van lzect 
Iron pole .steps where 
required. 

will parallel the line. Th;~ 
bracket should be exactly 
at right angles to the line, 
and in the proper position 
to prevent the line wire 
from touching the pole. 

In setting a pole it should 
be "trued" and held in po­
sition until firm, the dirt 
being filled in eveuly around 
it and thoroughly tamped 
as the filling 'progresses. 
The coarse soil or gravel 
should be put in last. The 
filling can be done by one 
man, and the tamping by 
two men. After the pole is 
set and the hole filled, 
about 6 inches of earth 

should be closely packed around the pole above the ground. Poles 
set in solid rock should have rock fragments firmly wedged in around 
them. 
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:BRACING A:h'"D Q'{;YL~G. 

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: 

(a) On any pole on a curve or at comer where the pull exceeds 30 
feet. 

(b) On poles at eaCh side of a crossing over roads and railroad right.• 
of way. 

ONS77TRI6HTL/NE.S ONctlfiV!$/fNDC&NcR.S 

Fm. 4.-Location of bmeketson pol~ 

(c) On the two end poles of spans between 300 and 500 feet. 
(d) On the poles at either end of spans above 500 feet. 
(e) On very st.,ep slopes. Anchor guys may preferably be used 

in these cases, or a head guy from the top of one pole (below the lowest 
bracket) to the base of the pole next above it. 

if) On alternate poles in exposed positions. 
(g) On poles in swamps or on loose ground (where necessary). 
(h) On poles on both ends of high tension transmission line 

crossings. 
(i) On the first and last poles of a line. 

BRACES. 

Braces (fig. 5) should be at least 8 inches in diameter at the butt 
end, cut slanting at the top te fit close to the pole, but the pole 
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itself should not be cut. They should be set at least 2~ feet in the 
ground; 3!; feet would be better, n too much diffieulty is not encoun­
tered in digging. The di•tance between the brace and the pole, 
as measured on the ground, should be not less than one-half of the 
height of the pole above ground. Tbe bottom end of the bmce should 

FIG. S.-Metbod o!bractng. 

rest on e flat stone or piece of log or plank. Alter boring a i-inch 
hole through both the brace and the pole just above the point where 
the bottom edge of the former touches the latter, the brace should be 
bolted tightly to the pole with a f-inch galvanized-iron bolt, using a 
2t by 2!; by fi inch galvanized-iron square washer under boch th> 
head of the bolt and under the nut. 
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G1JYS. 

.Anchor guys (fig. 6) should be made of two pwces of line wire 
(No.9 B. W. 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 bottom of the pole equal to the latter's 
height above ground, but under no condition less than 6 feet, with 
enough additionalleugth to allow one end to be passed through the 
eye of a stfi.Ildard half-inch galvanized-iron guy rod, the other to be 
wrapped twice around the pole, and both secured. 

-I X~ls4'1ltlird£NH!4t~t"'~P:FSm.~ •X.-J2.it'""'" .s .•. a ... 
Ah¢horl~ 7 • " • 6 • • 

--~ 
f!ialvc:>nlzed '~ t>uf"cnd ....,,...,...,. 
~hiw*<"N>411d<:#gvy rev 

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. An anchor log should then be placed in tho 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 Buiialo grip or a medium­
sized Haven clamp attached to the guy wire. Tbe latter should then 
be pulled to the required tonsion and the end looped through the eye 
and secured by not less than six wraps (fig. 7), after which the pulley 
blocks and Buffalo grip can be removed. 
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The size of the anchor log will usually be determined by its depth 
below ground, as follows: 

,-----.~-----, 
I :tHlrnlmkln of anchor 

D<pth Qf i log. 
e.xcfl'iMiQn.' ' --

1 Longth. i D""""""· 
Fed. I 1'ut. I !"""'· 

'I ' 6 3 ; 5or'1: 8or6 

z. strands '4'9lJ.W.G. galvanized tron 
wire twisted tar;ether_or f'our strands 

# 12 B. W.G. fshown as single) wire 
to simplify illustrafton 

Jess than 6 wraps 

I Jnc;h diamefer iron rod not less 
>'-han /8 inohes in length, depending 

on nature of roclr 

Do not /oG(l.fe near 
fhe edge of fhe roclr 

.I 
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If guy rods are not avail<>ble, the guy wire should be wrapped 
around the anchor log. This is temporary construction, "" 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 feet above the ground, or a 
sapling about 3 inches in diameter may be wired to it. 

Tree guys.-Ir there is a live tree of large diameter near by, the 
guy wire may be fastened to it instead of to a buried log. Hardwood 
slats should be used between the guy wire and the tree to prevent 
injury to the latter. 

FtG. 8.-Mlft.hod ol using guy stub, 

Rack guys.-A homemade iron eyebolt 1 inch in diameter and 
not less than 18 inches long may be used for anchoring a guy wire 
in rock. Tbe angle formed by the guy wire and the shank of the 
bolt should not be more than a right angle. (Fig. 7.) Tbe bolt 
should not he near the edge of the rock or ledge. 

Guying across roads.-If a guy wire as ordinarily placed would 
interfere with traffic on a road, a stub should be used (fig. 8) to pro­
vide proper clearance. Tbe stub should be stayed with tbe standard 
guy rod and anchor log; or, if this is not possible, braced with anchor 
logs underground, as shown for the pole in figure 9. 

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 figure 9. 

88966 .. -15---4 
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LINE CONSTRU(.."'TTON. 

Iron wire is divided into three grades: Extra-Best-Best, Best­
Best, and Steel. The Extra-Best-Best (E. B. B.) wire po.ssesses the 
highest conductivity, but the lowest tenstle strength. It 1S destgned 

Th;s n"le>'hod of'g~und brqcing may be 
used Tor poles in swampy soil. Also 
lor poles or guy stubs when nor possible 
to anchor fhem. 

Ft<t. 9..-M&tbod ct grottnd bn\eing. 
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for use on the main lines of telegraph companies, and by telephone 
companies where a wire of high e<>nductivity combined with strength 
and toughness is required. The steel wire is made from a special 
grade of material. It is the lowest in conductivity, but highest :in 
tensile strength. The Best-Best (B. B.) wire, which possesses inter­
mediate qualities, is more generally used than the others on medium 
distance circuits by telephone companies and for railroad work. 

Table 2 ' gives the phyeical characteristics of these three grades of 
wire: 

T.uu .. :e 2.-Propa'tie.s of double galvanized t£.legra.ph and ttlephone wire. 

Number i 

~- ~ 
~~~fng A~~~inohmaat 

l'Urmin&" I Dill..me-
bam 1FJ.t6 ter in 

gauge. I .tru:ha!l. dlomot-

! 
E. B. :B. l.J.B. .....c E. B. B. B. B. . .... 

-· • . . ···I ..... 811 

I """ tm 3,000 '·"' 7.15 .... 
fL ........ .... .., 1, Till 2,1&! 8.14 .... 11.<4 
& ......... ·'"' "" 1,170 '·"" 1,«3 12.</J H.87 17,31 
•-~···--··' ,118 ... ... 1,006 1,162 """ 1&.47 ..... 

10 ••••• , .•• 1 .131 ... '" '" "' .... , 22.<$ >!.16 
lL ••. , .••• : . "" "" ! 

.,. .,. ,., "'·" .:t8.1S ,._,. 
12 ••• ,,,,..: .100 ,. ·"" S6l "" "·"' 34.12 "·"' 14 ..... , ... ~ .... .. ,.., 3::7 800 49.00 68.!8 ... ,. 

-----~-

All iron wire should be well galvanized to protect it from the 
corrosive action of the weather. 

Hard-drawn copper wire possesses great conductivity and high 
teosile strength and does not deteriorate when exposed to the weather. 
It is therefore well adapted for telephone lines. More difficulty ie 
encountered, however, in obtaining good electrical 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, on lines over 125 miles in length, on 
metallic circuits, etc. 

STANDARD CONSTRUCTION. 

A one-wire line (grounded circuit) of No. 9 B. W. G.• Best-Best 
ga.lvaui:1\ed-iron wire will be the standard c.onstruction on the Na­
tional Forests. No other method should be used unless the per­
mission of the district forester is first obtained. If the line is loc&ted 
outside of the Forest where there are no trees, No. 12 B. W. G. 
galvaui:11ed wire m&y be used, provided the length is short. Metallic 
circuit lines are used only where there is outside interference, sucb 
as cross talk, induction, or trouble from power-transmission lines. It 
ie not possible to talk any farther over a metallic circuit line than 
over a grounded circuit line provided the grounds are made properly. 
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Where the lenath of a line exceeds 125 miles, it will probably be 
necessary to us~ copper wire. This can not be used. with swinging 
insulators and will not be employed except on a stnctly pole liue. 
Where necessary a two-wire line (metallic circuit) of copper wire . ' 
may be used. 

For spans up to 500 feet the galvanized-iron wire should be used, 
except when the circuit is of hard-drawn copper Wire. For longer 
spans steel wire or other form.• of special construction will be necessary. 
No. 12 N. B. S. G.' hard-drawn copper wire should not be usod on 
spanBlonger than 300 feet, nor No. 14 N. B. S. G .. ha~d-drawn ~opper 
wire on spans longer than 200 feet. If the circUit IS of No. 12 
N. B. S. G. hard-drawn copper wire and it is neC~?ssary to make 
spans longer than 300 feet, No.8 N. B.S. G. hard-drawn copper wire 
should be used for the spans from 3!)1 to 500 feet. If the circuit is of 
~o. 14 N. B.S. G. hard-drawn copper wire audit is necessary to make 
spans longer th8.D. 200 feet, No. 12 N. B. S. G. hard-drawn copper 
wire should be used on spans from 201 to 300 feet. 

CAUTION$, 

Great caution must be used dnring lightning storms. While 
lightning is being discharged in the vicinity of the w?rk and as lo~g 
as there is any danger from this source, no hne wrre or any wrro 
electrically connectod should be handled or touchod. 

A pcle should never be climbed nnless it is first tested to see that 
it is secure. Butt rot below the ground liue renders poles insecure 
that to the casual observer appear strong. This is especially true 
when the line wire or guy has been removed. 

STlUNGING WIRE. 

There are several satisfactory methods of removing the wire from 
the reel and which one to liSe will be determined by the conditions in 
each p.:rticular case. A ma.n familiar with the location of the liue 
and with the transpositions should be in charge of the unreeliogof 
the wire. In paying out the wire ca;re should he take~ to.place 1~ on 
the proper side of polee or trees, in order to av01d euttmg 1t. Splices 
should be as few as possible. 

When the conditions permit the use of a wagon, the reel may be 
placed in the back and the wire laid upon the brackets as fast as the 
wagon proceeds, . 

Another method ls to have the wire pu.J].,d out by a horse, either 
with a rope between the ends of the wire and the traces of the horse 
that can be let go instantly, or by tymg the end of the w1re to the 
horn of the saddle, with a man watching the reel. Where the liue 

• New Britbll st.auda.rd gauge. 
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is very crooked the rsel should bo pla.cod at bss than one-half mile 
from the starting point. 

Instead of using a wagon or horse, the wire may be unreeled by 
thrCI? men, one of whom should be stationed at the reel to see that the 
wire is not paid out too fast, or to signal in case it becomes kinked or 
tangled. 

Another method in National Forest work is for two men t<> carry 
the reel, paying out the wire as they go. This should only be used 
in stringing eoppcr wire, as this wire should never be dragged on the 
ground. 

Wire should not be paid out from a coil held by one mll.ll, since it 
comes off badly twist<>d and is likely to kink. 

Hard-drawn copper wire must be handled much more carefully 
than galvanized-iron wire. The coil should not be thrown from a 
wagon to the ground. Before commencing to unreel it, the first 15 
or 20 loops of the coil should be carefully lifted by hand to gu&rantee 

Fto.IO.-Bame.made reel. 

that there are no <~crossovers." Hard-dra.wn copper wire should 
never be dragged on the gronnd while being strung. If a wagon can 
not be usod to carry the reel, it should be carried by several men. 

The pay-out reel handled by the supply houses is of hardwood 
bound with iron straps. Its weight precludes its use on lines follow­
ing trails and through timber. A homemade reel is much lighter and 
less e.:<pCnBive. Tills consists of two parts, a support and the reel 
proper (Jig. 10). The support is made of two 2 by 4 inch pieces (A.A), 
each 5 feet long and held 2 feet apart by two crosspieces (BB), of 2 
by 4 inch stuJi, nailed between and 1 foot each side of the center of 
the long pieces. Midway between the long pieces a.nd fastened to 
the crosspieces is a. 2 by 4 inch stick (C) through the center of which 
a !-inch hole is bored. To secnre greater rigidity, a 2 by 4 inch stick 
(D) is mitered to fit from the center of one side to the center of one of 
the crosspieces. The reel is made of two pieces of 2 by 4 inch stuJi 
(EE) 2 feet 9 inches long and mortised to the middle to form a cross. 
Alter these have been :fitted together at-inch hole is bored through the 
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cent<>r, and 9 inches from this center, on each arm, a !-inch bolt (F) 
10 inches long is set upright. A !-inch bolt (G) dropped through the 
center of the reel and of the support completes the outfit. The cost 
of the whole apparatus is so small that it may be discarded, ii neces­
sary, when the work is completed. 

No more wire should be strung out than can be put up and tied in 
during one day. Special care should be teken not to allow the wire 
to lie across trails or roads where it might be run over by vehicles or 
trampled by a.nimals. Kinks or nicks made in this way may weaken 
the wire sufficiently to cause it to break as soon as a little strain is put 
upon it or when it contracts in cold weather. All kinks should be 
straightened before the wire is stretched. If the kinks or nicks are 
bad, they should be cut out and a splice made. 

~-:.::.:.~: 
ot-so<>U> /<lf.'YCI 

L 
I!LEV/lTION 

TUNSI'OSJNG LIN~$. 

By transposition is mea.nt ch&nging the location of a wire from one 
side of tho pole to the other (fig. 11). This is done to overcome the 
effects of outside interference existing in lines which are close to or 
parallel with high-tension trsnsmission lines and wires which are on 
polee carrying other wires. 

When building a metallic circuit, the wires should be transposed 
once every mile. Where the line is exposed to induction, cross talk, 
power or electric-light wires they should be transposed at least every 
tenth pole. In transposing telephone lines, the wire on the left should 

TELEPHONE CONSTRUCTION AND MAINTENANCE. 31 

always cross over, never under, the wire on the right and without 
touching it. On a bracket line the transposition can be made very 
easily by changing the location of the brackets on the pole, as shown 
by the upper diagram in figure 11. When a cross arm is used, tr8Jlll­
positions can best be made by using a standard two-piece transposi­
tion insulator. Transpositions should be arranged for at the tilne 
the wire is unreeled, the left-hand wire crossing over on top of the 
right at the point where the line is to be tl'llJlSposed. 

.SA.Q ALLOWANCE. 

The stresses in the telephone wire undergo changes with variations 
in temperature, thus making it necessary to provide for the extreme 
variations in wire length in each span. The sag in the wire at the 
time it is made fast to the brackets should correspond to the temper­
ature at that time. 

TA.:aLE 3.-80{1 of a No. 9 B. W. G. ~iron wire in a pole line. 

{~ ht degNeB Fa.hrenheit.) 

Length olspwl (teet). 
I ~.,. I I +100". +80~. +30". +10". -1o•. 

-· ; 
Fl. ••• Ft • ••• Ft. i11 . Ft. ·~ 

! 

Ft. io. Ft. "'· "{ij .• .................. - .••••• '"" ~ ' n 2 li 1; 
100 ............................. " :+ 3 1' 115 ............................. 9 ' ll 130 .• ·······- ... ········ ...... 11 .. 1 ~ • 150 ............................. 1 2 111 • • • 176 ....................... ,, ..... 1 • 1 ' I • .. 8 ' !lOG .................. ,. •••••••••. 1 lll; 1 ' 1 • 1 • , • 
:::::::::::::::::::::~:::::::::! 3 ;; 2 10 2 n; l 11 l 1 it ' ' 1 ' " ' • 2 5I 2 
350 ............................. , 5 ' • ' • n ' JQ 3 5 3 • 
!: =~ ~:: :~~::: ::::::::::: ::::~:1 • • ' • ' • 5 • • o; • ! 

10 • ' • 8 • ' • ' 0 ' • 12 • 11 ' • • • .0 ' • ' ' 

_,.., 

Ft. ln. 
1 
2 

i! 
:' • 1 3 

1 10 
2 ' 3 i • 6 ' ... --~---~---~·--···-------------~ 

N~:&.-IT a strong wind b l;loW'blg, tb" tag Talne sh<mld be in.Qreued. I:c;terpolM.e torte~ 
RD.d8p1Ul::l not given. WbenanyAA otherthanaNo. 9 B. w. G. ~is1,l!tld, it will belli:l~ to com­
-pute the sag required. !u.rtmctions (Qr doing this wm belt.u'lllllhlld by the dirtrlet olllex!. 

Sag may be handled in the followiog manner: After a half-mile 
reel of wire h., been pulled out, linemen, who follow, carry the wire 
up each pole on their shoulders and place it between the bracket 
and the pole. When this has boon done over the entire half mile, 
the line is stretched by me.ans of a Buffalo grip and stretcher block 
until it is taut, or until the two or three linemen who are on the poles 
along the half mile stretoh pass along the signal to stop. About two 
minutes' rest is then required for the line wire tc "creep" along the 
entire distance. It should then be loosened or stretched tighter, 
according to the signals of the men on the poles, who can aight from 
the bracket of one pole to the brackets of the adjacent poles I!Jld deter­
mine when the proper amount of slack hllS been provided. 
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On straight lines wires should be tied to the inside of the insulator, 
so as to bring it between the insulator and the pole. On curves and 

Fif Pa.slfton of 
tie wire f 

Not less than .3 c.lose 
wraps 

7Te w11·e to be of 
the same stze a.I1Cf 

kll'7d as l!ne Wl're. 

Nor less than S close wraps 

7le wire robe sanre siz.e 
anct kt'nct as line wire 

Ym.l3.-M'ethod t'lf .ma.ldng '11ig!J:r& S" tio for irou ~. 

corners the wire should he tied to the insulator on the outside, so 
that the strain will be against the bracket and the pole. 
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On pole-line construction the tie wire (the wire used to fasten the 
main line to the insulator) should be of the same size o.• the line wire. 
The method of tying wire to a glass insulator is shown in figure 12. 

t'M:11 tess than S close wraps 

In making the tie great caro should be exercised t<> avoid twisting 
the wire so tightly that the main line will he burned. 

Linemen should he cautioned against nicking the line wire in 
making ties, especially when this is hard-drawn copper. The latter 

f \ Hair lsnl{fh sleeve ~ ;£ fwlsfs. 

~ 

should always be tied by hand, pliers, connectors, or other tools being 
used ouly with iron wire. Linemen should also be cautioned against 
leaving the ends of the tie wire protruding, lest through twisting of 
the pole a contact be made. 

88966" -15---5 
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Tying gakunized-iron wire.-There are two methods of tying gal­
va.nized-iron wire. The regular tie (fig. 12) should be used on aU 
poles except where there are sharp dips or changes in level in the line 
wire or in crossing railroad rights of way, or on spans from 250 to 500 
feet: in which cases the "figure 8" should be used (fig. 13). 

When the work of stringing wire on a pole line is stopped for a 
short time, or at the end of the day, the last tie put on will be a figure 8 
tie. The line wire will then be continued over the bracket of the next 

Ha.n:i drawn 

Soff copper r;e wt~ 
sante size as line wt're 

pole without being tied, and brought down and. anchor?d to the butt 
of the next farther pole by mellllS of a Buffalo gnp and etther stretcher 
blocks or a snub. 

The figure 8 tie is made by first bending the tie w:rr• ~to a horses~oe 
shape just large enough to fit. the insulator, putt~ It over the line 
wire (first position, fig. 13), which has been placed m the groove of the 
~ator and then bringing the two ends of the tle wtre around the 
insulate: in opposite directions and wrapping them tightly around 
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the line with not less than three wraps, as close tugether and as tight 
as possible, using pliers or connectors for the purpose. 

The line should be dead ended (fig. 14) at such places as the first 
and last pole of a main or branch line, or at a station. 

Tying /w,rd-drawn copper wire.-All tie wires for hard-drawn 
copper wire should be of tho same size as the line, but of annealed 
(soft) copper. Soft tie wires may be purchased in bundlos, or they 
can be made by cutting up the line wire and heating and then cooling 
it slowly to make it less brittle. Care should be taken not to he&t the 
wire too hot, so that it pits, or to cool it too quickly. Hard-drawn 

/ia.n::t d112wn 
copper line wti<!! 

Sofr coP!Jer tie wtre 
&!!/me size as 1/ne w/re 

14'~' f3osition or lie wire 

copper wire is dead ended (fig. 15) by the use of a. half-length double­
tube copper sleeve. 

The regular tie for copper wire (fig. 16) should be used in all cases 
except where a figure 8 tie is required (fig. 17). 

The standard Western Cnion joint (fig. 18) or tho standard three­
wire splioo should be used for uniting galvanized-iron wire, a.nd the 
standard double-tube copper aleeve for hard-drawn copper wire 
(fig. 19); galva.nized-iron slooves should not be used. Copper sleeves 
should not be used for splicing galvanized-iron wire, because the 
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resulting corrosion of the latter results ultimately in a hlgh-resista.nce 
joint which may become the equivalent, from a.n electrical standpoint, 
of several miles of extra line. 

Whon coppor sleeves are used for joining hard-drawn copper wire, 
they should be twisted not less than three nor more than four turns 

#or less "/han S close wraps 

Fto. 18,-Ka-thod of splleillg iron wire (Western Un.lon Joint). 

with a pa.ir of reversible connectors of the No. 309 type. The ends of 
the wire should project approximately I inch from the end of the 
sieeve before twisting. Mt.er the sleeve is twisted tho protruding 
end!! ol tho wire should be cut off not closer than one-fourth inch 
and bent back slightly on tho sleeve. 

In ordering sleeves it is necessary to specify the size of the wire for 
which the sleeve is required. In making joints every pree&ution 
should be taken not to uick the wire, whether galvanized iron or 
copper. 

TBEE-LINE CONSTRUCTION. 

With a telephone line passing through a hea"y stand of timber, the 
possibility of trees falling across the line makes it essential that the 
line wire should be able to give way without breaking. The rigidity 
of the standard pole-line construction is therefore undesirable. 

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

The essential features of the tree-line method are the use of the 
split insulator aod 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. 
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Metallic-circuit tree lines are seldom used. Short circuits, resulting 
from broken wire ties and from trees falliog across the Jines, make 
this method ol construction impracticable under ordinary conditions. 
Where the danger from hlgh-voltage transmission lines is great and 
other conditions make the use of a tree line desirable, the wires should 
he strung on separate trees a.ud the standard methods of transposi­
tion followed. 

For successful tree-line construction, the following six rules should 
be kept constantly in mind: 

1. Slack wire. 
2. Equalized spans. 
3. Weak ties. 
4. Standard installations. 
5, No sharp turns in line. 
6. Avoid attaching wire too hlgh on tre<lS. 

'sELEm'lNG TREES A!ID RO"CTE. 

Judgment and care should be used in selecting the trees to sup­
port the line, and also in determining the tying place on each tree 
and the method of tying. Only sonnd trees should be selected,. of 
sufficient diameter to minimize the swaying, but large and smooth 
trees that are difficult to climb should be avoided. The course of 
the line should be varied to take advantage of trees that willlesaen 
the cost of construction; but if suitable trees are not available, poles 
should be used. 

In tree Jines the spans should not exceed 175 feet. If poasible 
the average span should approximate 100 feet, and may be shorter 
if necessary. The spans should be equalized. 

The crooks and t•1rns of tho trail should not be followed uuless 
to do so would mean more economical and better construction. 
The line wire should never touch the trunk of a tree, and care should 
be taken when attaching the insulators to see that the pull of the 
wire is away from tho tree aed not against it. Onside hill slopes the 
line will be strung, if practicable, below the trail, so that in case the 
wire comes down it will not fall on the trail. Wherever possible 
a. void crossing the trail. 

I..!NE CONSTRUCTIO*. 

STRINGING WmE. 

The method!! given on page 28 are also applicable to tree-line 
construction, a.lthongh the latter offers less opportunity for the use 
of a wagon. The same precaution should be taken not to injure the 
wire. 
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A large amount of slack should be provided. The exact amount 
will be detern:Uned by the conditions, topography, etc., but in general 
each span should be given about 4 feet. The ~>im is to provide enough 
slack so that several trees may fall across a few spans without break­
ing the main line. 

Under ordinery conditions the use of brackets in tree-line con­
struction should be avoided. 

The wire should not be hung at a greater height than on a pole 
line, and in general should be about 15 to 18 foot above the ground. 

The method of making the split-tree insulator attachment is 
shown in figure 20. C and D are the insulator attachments that 
have given the best results. The fonner 1lS<lS No. 12 wire and comes 
loose from the staple whenever a tree falls across the line. In such 
eases neither the tie wire itself nor the split insulator breaks. To 
make repairs it is merely necessery to replace the attachment on 
the staple as illustrated in the figure. 

The attMhment D involves the same principle, but uses No. 9 
wire. 'When this is employed it is necessary to keep ouly one kind 
of wire in stock, though the tie C is the least expensive. E shows a 
little strouger attMhment made of No. 12 wire which should be used 
in conjunction with the crosstie shown by A. All ties should be 
attMhed to the tree by mefiDS of a 3 or 4 inch staple,• according to 
the thickness of the bark, about 1 inch of the staple being left pro­
truding from the tree. A 2f-ineh post staple may he used in lw.rd­
wood timber. 

Figure 20 illustrates a complete cross tie with a No. 9 wire running 
through the insulator. Such a tie should be used wherever it is desired 
to prevent the wire from running back after breakage of the main 
line. It should be made of No. 12 wire, and be from 20 to 25 inches 
long. This tie is usually preferable to the insulator and bracket 
dead end, in thet it lessens the chance of the main line being jerked 
by heavy winds. 

The line should be stayed at the t<>p of hills or the beginning of 
steep slopes. It is not neeessery to stay it on comparatively even 
ground. 

SFBCIAL TYPE 01" CONSTRUCTION. 

In regions where there is little timber and practically no danger 
from windfall a No. 3! poroelain knob fastened to the tree with a 
60-peuny spike may be found satisfactory. It should not he used, 

1 Wlltm tbm Is e poosibiUty th.&C tb~J me to wbkh the insulator is attached may bt cut .Into uw lop, 
a wiro wrapped $tou:nd the t:tM with a k»l) ~ tn the middle 5hould be used instead of the staple. 
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however, without the permission of the district forester. In thia type 
of construction the spans should average about 100 feet, with from 
10 to 15 feet 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 figure 16. 

The spike should be driven into the tree for almost its entire length, 
leaving ouly about 1! inches exposed. Since the weight of the wire 
falls on tho top of the insulator, the strain on tbe tie wire is small. 
The lower branches of the tnle should not be trimmed, since they tend 
to prevent the line from groundiug when a tree falls on it. 
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CROS$1NG l'l:CADOWS AND PARD. 

It may sometimes be preferable to cross small meadows and parks 
instead of making the detour neoessu.ry to the continued use of trees. 
Poles should ordinarily be used to make crossings of this kiod. 

When not more than six or seven poles are necessary, they should 
be considered as tre'lS, ftlld 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 are required, the first four poles on eaoh side of the meadow 
should be equipped with split insulators. For the remaining dis­
tance the sta.ndard pole-line construction with the sag in the spans 
as indicated in Table 3, should be used. 

CJ:tQSSUHl JU'VltRS AND CANYONS. 

Where it is necessary to cro"" a river or cftllyon less than 500 feet 
in width, a pole should be set (do not use a topped tree) on each side 
of the canyon or river ftlld securely anchored. Each pole should be 
equipped with double brackets and the wire tied to the insulators with 
the figure 8 tie, 

Where the span exceeds 500 feet, specific instructions should be 
obtained from the district forester before construction is begun. 

CR~ING DfVIlJE$ AND BUILDJNG TO LOOKOUT l'O!.NTS. 

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

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

The line should be hung on split tree insulators, using the regular 
attachment C, figure 20, except on trees at very abrupt changes in 
line direction. At such points a tie wire similar to B orE, fi,aure 20, 
should be used, the tie being made of single No. 12 B. W. G. Best-Best 
ga!vo.nized wire. This tie is lighter than the main line and a trille 
stronger than the ordinary ties (C ftlld D, fig. 20), and will break as 
aoon 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. 

The second method will be followed when trees are scarce or when 
the other method of oonstruction 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 in­
sulator with No. 14 B. W. G. Best-Best galvanized-iron wire, which 
is very light e.nd will break easily. Abont 4 feet of slack should 
usually be allowed for a 100-foot span. 
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J:.OOATION ON POLES OF FOREIGN LINES. 

When a Forest Service line is attached to a pole carrying a tele­
graph circuit, the former should be located at least 2 fe~t from the 
nearest telegraph wire. This se.me clearance should be maintained 
from any other non-Forest Service wire on the same pole. Forest 
Service lines should not be attached to poles carrying electric-light, 
power, or high-tension transmission lines. A grounded line shoul<l 
never be strung on poles carrying telegraph circuits. lise a metallic 
line. 

CROSSINGS. 

RAILROAD RIGRTS OF WAY. 

Railroad rights of way should be crossed at right angles. Under 
no circumstances should a pole be closer than 15 feet t<> the nearest 
rail, and if it will not cause too long a. span the distance should be 
sufficient to prevent the pole reaching the rail should it fall toward 
the track. The poles ·on each side of the track should always be 
guyed or braced three ways a.nd it may be necessary to guy or brace 
them four ways. 

The lowest wire at such a: crossing should be at least 27 feet above 
the top of the rails, or even higher if required by State law or by the 
railroad complllly. The pole on each side of the right of way should 
be equippe!i with double brackets or double cross arms and the wire 
tied t<> the insulators with a figure 8 tie. If necessary. the method 
prescribed for underground crossings of high-tension · trftllsmission 
lines (page 42) will be used. 

FOREIGN UNE8. 

Whether to cross over or under foreign lines will be determined by 
the character of the!l' construction. If the foreign lines are well 
colll!tructed and well maintained, they should be crossed under­
neath, at a distance of not less than 4 feet below their lowest wire 
unless this would bring the Service line too close to the ground. I~ 
that case a crossing should be made over the foreign line. with a dE­
tance of not less than 4 feet between the lowest part of the telephone 
line and the highest wire of the foreign line. If the construction or 
~aintenance of the foreign line is poor, the Forest Service line shouid 
m every case pass overhead. 

ROADS. 

If the line follows a road, crossing from one side to the other, the 
erossing poles should he braoed or guyed, and a figure 8 tie used. 
The wire should be strung at least 16 feet above the road. or even 
higher if required by State law. · 
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CROS-SINGS OVER 500 FEET IN Ll!:NGT:S:. 

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

Contact at any point betwe<m 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 case.s when a high-ternion trans­
mission line is to be crossed by a Service telephone line, directions 
s.bould be obtained from the district forester. Transmission lines 
should be given as wide a berth as possible. If it is necessary to 
run close to one, pole-line construction should be used. 

Transmission lines should always be crossed at a right angle. 
Unless the district forester specifies otherwise or unless the trans­
mission company bas provided special and safe protection, the cros&­

ing will be made as follows: Dead end the telephone line on each side 
of the transmission line, at least 150 feet from the crossing, and 
brace or goy the last poles. The actual crossing should be made 
underground by means of au extra heavily insulated, rubber-covered, 
braided, and weatherproofed copper wire run throngh a lt-inch 
iron pipe, starting at a point on the pole about 6 feet above the ground. 
The joints in the pipe should be made water-tight by the use of red 
lead, and an inverted "U" attached to the top of each pipe so that 
rain water can not follow the wire. The rubber-covered wire should 
extend up the p<>le and be connected to the line wire. In crossing 
with a metallic circuit both wires may be run in the same pipe. 

If considerable blasting wonld be required to put the iron pipe 
underground, below the frost line, it may be laid across the surface 
of the rock, providing it is covered with an ellXth embankment to a. 
depth of 2 or 3 feet. 

If permission is requested for a high-tension transmission line to 
cross an existing Forest telephone line, the district forester will 
require that the transmission line be so constructed as to provide 
safe and approved protection for the Service line. Where the tele­
phone line is exposed to voltage in excess of 5,000 volts the American 
Telephone & Telegraph Co.'s specification No. 3414 for overhead 
crossings of electric-light aod p<>wer lines will be used as a basis for 
determining suit,.ble protootion. 

CONNECTION OF FOREST SJmVICE LINES Wl'l'K PRIVA'l'lll LINES 
Olt EXCliANGBS. 

Whenever it is desirable to connect a Forest Service line with a 
private line or exchange, the district forester should :first be fully 
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advised by letter as to what arrangements can he made for the con­
nection, 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 Forest Service line, and, in cases where it is 
desired to connect directly to another line, the length of such line; 
the character of it.q construction and maintenance; the size and kinds 
of wire used in the construction of both lines, and whether one or 
both are grounded or metallic circuits; the number of instruments on 
both lines and the ohm capacity of the instruments on the line with 
which connection is to be made. The district forester will decide the 
best method of handling the matter and making the connections. 
Every precaution should be taken t<> make sure that trouble originat­
ing beyond the Forest Service line will not interfere witb it. 

:BltAlWR LINES. 

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 branch line' will not come on the 
connection (fig. 21). A Fahoestock test clamp may be naed to con­
nect the branch line to the main line in place qf wrapping the end of 
the branch to the latter. 

When the main line is of hard-drawn copper wire, it should be cut 
in two and dead ended on the same insulator from both directions, 
splicing in additional wire if necessary. The ends after dead ending 

''I'M Fal'lne$t00k te:31t clAmp is :ll14de in thtee grades: Entire clunp fully tinned, damp ba.Utinned:, and 
nntimuld. Th& tlnlt tYP«~ stwuld b€1 used :for- C()JlMCt!ng twolmn wf.r$5:, the HeOnd Car connecting a (!(Ip­
per Wld. an inm w-il'tl, anJ the third for~two ooppet'lrltes. 
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should be left long enough to be spliced together in a copper sleeve so 
as to complete the circuit ag.Un. The brllllch line shonld then he dead 
ended on a separate bracket and insulator, and the connection made 
(fig. 22). 

Whenever =Y wire is connected to a hard-drawn copper line, the 
latter must always be dead ended for that purpose, so that the wire 
may be soldered to a point on the dead-end loop between the sleeve 
and the insulator. When soldering is not feasible the wires should 
be cleaned bright, and the wire to be connected closely WTapped 
around the line wire not less than seven ti.raes. A Fahnestock clamp 
may be used here also. 

Nqin/i'ne 

Shown Tor one wire //ne f_qrovndcd 
circuiT-! tbllow SQme 17l>$mod f!>r 

mcMIIio circuit' 

STANDARD TELEPHONE EQ'UlPMEl'IT FOR FOREST Sl!lRVICE 

INSTRUMENTS AND O'l"llER EQUIPMENT. 

Telephone, wall set; type, Western Electric No. 1317--8, or eql!al; 
with 2 50!f..ohrn unbift.'led ringer and condenser. · 

Telephone, wall set; type, Wlll!tern Electric No. 1317-R, or equal; 
with 1,600-ohrn unbi .. ed ringer and condenser. 

Extension bell; type, Western Electric No. 127-F, or equal; with 
2,500-ohrn unbia.•ed ringer. 

Extension bell; type, Western Electric No. 127-G, or equal; with 
1,600-ohrn unbiased ringer. 

Telephone, lookout; type, Western Electric No. 1336-J, or equal; 
with 2,500-ohrn unbiased ringer s.nd condenser. 
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Telephone, lookout; type, Western Electric No. 1336-K, or equal· 
with 1,600-ohm Wlbiased ringer and condenser. . 

1 

Telephone, Forest Service portable; special dlll!ign for Forest 
Service work; No. 1376-A. 

Switeh and protector mounting box only; type, Western Electric 
D--400, or equal. 

Protector; type, Western Electric No. llO-E, or equal. 
Protector; type, Western Electric No. 58-F, or eqnal. 
Line fuse; type, Western Electric No. 47-A, or equal; for line a't 

stations when required. 
Protector blocks; type, Western Electric No: 20 s.nd No. 21, or 

equal; for repairing No. 6o-E protector. 
Protector block mica; type, Western Electric No. 10, or equal; for 

repairing'No. 6o-E protector. , 
Ground rod; type, Western Electric No. 94033 (or 52108), or equal; 

to have copper wire soldered to end. , , · 
Ground rod, Forest Service portable; special design for Fores~ 

Service work; No. 313-B. · 
Battery dry; type, Western Electric No. 100028 Blue Bell dry 

battery, or equal; for station telepllones. "r 
Battery dry, for Forest Service portable telephone. Columbia 

OV No. 3 or Ever Ready Tungsten No. 703. 
Repeating coil; type, Western Electric No. 47-A, or equal; for 

special cases where a grounded line is connected to a metallic circuit. 
Swit<:h, single-pole single-throw poroelain-ba.se knife f1witch; type, 

Western Electric No. 1436, or equal. ,.' 
Line connector, Forest Service portable; special design for Foreet 

Service work; 311-B. 
Braoi:ew.-Twelve-inch painted oak brackets, conforming to 

specification of the Americs.n Telephone and Telegraph Co. 
Wire.-For'ordinary use: Galvanized iron No. 9 B. B. For special 

use: Galvanized iron No. 12 and No. 14 B. B.; hard-drawn copper 
No. 8, No. 12, and No. 14; steel (as required) .. For emergency use: 
No. 20 stranded Brown & Sharpe gauge copper wire· insulated. 
Conformiug to specifications of American Telephone & Telegraph Co, 

In8'1llarors.-I.dne insulat<>rs of the type known to the trade as 
regular pony-distance type, weighing approximately 14 onnces eacll, 
conforming to specification of the American Telephone & ·Tel.,.. 
graph Co. 

Where a Forest Service line is to connect with another line, either 
directly or hy swit<:hes, the resistance in ohms of the ringer coils in 
the instruments (a.nd extension bells, Jf used) should be the same a.s 
the resistance of those in the connecting line. The standard resis.f.'. 
ance of all ringer coils on exclusive Forlll!t Service lines will be 
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2,500 ohms. However, in connecting with lines that use other 
resistance ringer coils, it will be neces.•a.ry to use the same resistance 
coil in the instruments on the Forest Service line. Where telephones 
of other resistance than that specified are needed for use, the district 
forester should be consulted as to the proper set to purchiiS<l. 

The portable telephone was designed to meet the speciAl needs 
o.nd requirements of the Service. It is equipped with the standard 
bell transmitter and receiver, which makes possible tra.nsmiseion 
over great reeistance. The battery should be replaced every two 
months. 

INSTALLAT10N OF EQ'tJ'IP]Io[ENT. 

CONDENSER. 

The c&ndooser in a telephone is cut in circuit with the receiver. 
It makes possible "through" signaling when receivers at interme­
diate stations are off the hooks. Any telephone now in nse, if not 
already provided, ca.n be equipped with a condenser. 

The condenser may also be cut in on one side of the ringers for 
t.sting purposee. 

DRY BATTERIES. 

Three dry battsries should be plo.ood in each instrument, taking 
care that the connections are made 88 shown in figure 23. Dry cells 
deteriorate whether used or not, a.nd it is necessary to replo.oo the set 
in esch instrument at leBSt once a year.' Standard :flexible battery 
OOJlllectors will ghre better results tha.n a one-<~trand wire, which 
breaks easily when nicked. 

1 'l'wtl new bat~erles $hould never b& installed with one old battery or one MW battery with hVo Old 
b&tteries,a& 01u1- poor b&t~ •ill spo.ii the efficltm(ly o!the good OJl$8, 
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PROTECTION. 

The question of protection is a very important matter and is 
divided into two clMSeS in Forest Service work: (1) partially exposed 
substatiOns and (2) fully exposed substationi, 

l'A:R.TLU.LY EXPQSED SUBS'!'A'l'IONS. 

Where it 'is absolutely certain that t,he line is nowhere exposed to 
aMidental contact with electric-light, power, or high-tension cir-

J<~ttrl!!efl 
gfter dtJ<Id 

lv<W!fht 
d~elt' dcwn tc 

.,.., .$/J()JlW'I 

'*"+j;fbn:elifin /fJ'l(J/J CCPJN'I' 

(Use iP.su/aled wire for tying) 

H<~JW lu:s<! law QIJ()()(h lo i:Je M.Si(y' 
«:ces~ilile /Or rep/<'!CtMNml 

Shown /Or cne lflli-e line (grovm:lecl 
.circuit) felloW .s.we JM/hod li:Jr 
I'!Jii'lalltc r:i/"C'ut'l. 

cuits {but only to lightuing), each telephone station shonld be con­
sidered 88 partislly exposed, a.nd nothing ooyond the No, 6f>-E pro­
tector used for protection. Where lightuing is unusually severe, 
however, e1th<1r a 47-A line fuse, in addition to the 6f>-E protector 
or a 58-F lightning protector should be used. The former should b~ 
located immediately outside of the building and attached to the main­
line wire in such a way that, when blown, the wire on the side toward 
the line will fall away (fig. 24). On a metallic line, where line fuses 
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are used a fuS<> should be attached to each wire. When the 58-F, 
which is' a combination of the 60-E protector with fuses, i• used, a 
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No. 48 asbestos mat. should be mounted back of all protectors and 
the slits in the fuses turned toward the mat. 

j 
! 

TELEPHONE CONSTIHJCTION AND )!AINTENANCE. 49 

PULLY EXl'OS£D 811.BSTATtONS. 

A fully exposed substation is one on a line which may be exposed 
to accidental contact with electric-light, power, or high-tension tra.ns­
mission lines. Even though only a. portion of the line is subject to 
such exposure all stations on it will be considered as fully erposed. 
The 6Q-E protector and 47-A line fuse, or the 58-F protector, will 
be used at these stations. In all cases where the line is exposed to a 
high-tension voltage in excess of 1,800 volts the district forester 
should be consult<Jd in regard to additional protection. 

In general, it is not necessary to consider the exposure along other 
telephone lines with which the Service lines may connect, provided 
the connection is made through a. switchboard. H made by any other 
means, however, one of the ab()ve-descriood protective meth()ds will 
be used. 

GROtND RODS. 

Ail grounded lines should be pmvided with a good electrical con­
nection to the ground for the earth return side of the telephono cir­
cuit. One of the great sources of tmuble in this type of construction 
results from a p()or ground. 

The ground rod should be of ga.lva.ni.z.ed iron, 5 feet ' long and one­
half inch in diameter, with a copper wire securely soldered to the top. 
The rod should be driven to full depth into a perm!lJlently damp or 
moist earth soil, and "" close to the building and to the instrument 
as practicable. H it is impossible to drive the rod vertically to its 
full depth it should be driven on a alant, for it is essential that the 
moist earth come in contact with the full length of the rod. When 
necessary the ground may be located several hundred feet from the 
instrument, in which case the wire from the building to the rod 
should be buried under the sod. 

Dry earth, gravel, and rock are not good conductors and should be 
avoided. A rod driven into tho bank oi a creek or spring may provide 
a satisfactory ground. When there is no naturally moist soil a good 
ground may be obtained by placing a 25-foot coil of No. 9 wire at 
the bott<>m of a 6 to 10 foot hole, covering it well with c.harcoal 
and wetting the latter with a bucket of wat<>r. Tho hole should 
then be refilled and the earth tamped in securely. Charcoal is 
hygroscopic, and will absorb and retain moisture. The connection 
of the ground wire with tho coil should be soldered. A bucket of 
water thrown on the ground at intervals during • dry period will 
add t<> its effectiveness. 

·~----------..... - .... -
1 su~root rod$ 11f th~ ~e type may ~used If~· 
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A satisfactory ground can not be obtained by attaching a wire to 
a bunch of old iron and throwing it into a river or creek w:ith a rocky 
bottom. In some buildings it is possible to use a water pipe for a 
ground, in which case the ground wire should be attached to the pipe 
by a Blackburn ground clamp. Only pipes which always contain 
water should be used. 

LA VITE con.s. 

Those coils are used to remove static elootricitv from the line. 
Each coil should have a rooistanco of 48,000 ohms,· and be inclosed 
in a sm..U wootherproof box. (Seep. 66, Static electricity.) 

WIRI.;."\fG. 

To insure good oorvice instruments on both grounded and metallic 
lines must b., installed in the proper mann!lr. Figures 25 and 26 illus­
trate graphic..Uy the method of making the entire installation. 

Before beginhing work Jll6BJ1S should be taken to determine the 
arrangement th~tt will be the simplest, most economical, and the 
easiest to maintain. 

O'CTSIDE OF l:ftlll.DlNG. 

Leading-in wirM.-lf possible, the telephone should be located on 
the same side of the building "" 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. The point 
where the wire enters the building should be "" near "" practicable t<> 
a permanent ground, llJld each grormd wire should pa..<s through the 
wall of the building in a separate porcelain tube, spaced at least-2! 
inches from the other tubes, and sloping upward from the outside. 
Under some conditions circular loom may be a satisfactory substitute 
for the porcelain tube, though it should not be used without pennis.•ion 
from the district forester. Each wire "" it enters the porcelain tube 
outside the building should have a. small drip loop about 2 inches long 
to prevent water from following it into the building. The location of 
the protector in the building should be determined before the holes 
are made. It is often possible to locate the holes immediately above 
or below the fuse terminals on the protector, thus securing the shortest 
length for the leading-in wires. 

The leading-in wires should not enter at the attic roof unless other 
waY" are impracticable. In every cllSe the holes should be started 
from inside the building. 

The line terminals of the protector should be connected to the line 
wire by single No. 14 B. & S.' braided and weatherproofed rubber­
covered copper wire. The leading-in wire should be soldered to the 
loop just below the insulator where the line wire is terminated (fig. 26), 
and should not come in contact w:ith any part of the building. 
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<hound wires.-Single No. 14 B. & S. rubber-covered, braided, and 
weatherproofed copper wire should be used to connect the protectors 
with the ground rod or ground wire. 

Ground wire outside of the building should be supported on No.4! 
or No. 5~ porcelain knob.s. The knob should always be attached 
with a flathead screw, a.nd not with a nail. 

The wire from the protector to the ground should be laid as directly 
as possible, and should have no spirals, coils, knots, or sharp bends. 
The ground wire should never be placed near ebeet-iron roofing, drain 
pipes, etc., on the house. 

INSIDE 011' lH!lLDING. 

All join!B and splices of the wiring inside or outside of the building 
should be taped. This does not apply to the connections made at the 
terminals provided in the apparatus. All join!B should be soldered 
and properly taped. Where a twisted pair is spliced, the joints should 
be soldered at least 3 inches apart. In soldering, resin should be used 
as a llux. Chlorid of zinc, sal ammouia.c, or other fluid fluxes a.re not 
satisfactory. The wires to be soldered should first be scraped thor­
oughly and cleaned. 

All knob and cleat work should be done as neatly !LS possible. Wir­
ipg inside and outside of a buildiug should be rtip. ).\l;ru, nearly vertical 
and horizontal lines os possible; this gives ti.n apP:,a.raoce of neatness 
and simplifies tracing out the wires when hunting for trouble. There ,, .• 
ebould be 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 foot away from the overhanging eaves if 
the roof is of sheet iron. Wet and damp localities should be avoided 
for inside wires. 

The telephone should be oonnectod to the protector by means of 
No. 19 B. & S. rubber-covered and braided single or twi•ted pair 
copper wire. However, if' this wire is not available, the heavier insu­
lated outside wire may be used, althongh it is not so cheap. The wire 
inside the building should be fastened to the wall with insulated tacks 
(such as milonite nails) or approved cleats. Uninsulated tacks or 
staples should not be used. No joint in insulated wire should touch 
an adj.,ent joint in another insulated wire, even though both a.re 
taped. 

Location of protector.-The protector should be placed inside the 
building (never outside) as nea.r as possible to the point where the 
leading-in wires enter. When the 58"F type i• us~d, a No. 48 asbestos 
mat will be placed. on the wall beneath it. This protector ebould be 
mounted upon the wall so that the fuses are vertical, and fastened in 
place by screws. It should not be exposed to water or dampness. 
When the leading-in wires enter the building above a door or window 
casing, the protector should be mounted so a.s to allow a space of 1 
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inch between the protector and the casing. Where the wires enter at 
the s1de of the door or casing, the proiector ebould be mounted flueb 
W1th the latter. It eb~uld always be pla<md at leMt 6 inches from 
curt1Ul1s, shades, or s1mila.r combustible materi&l. 

Ordinarily only ~ne nrica ~hould be u_sed between each pair of pro­
tect?r blo;:ks, but m localitieS where lightning is excessive and the 
stati~ns difficult of access, two micas may be inserted, thus increasing 
the all' gap. Paper or other mat<~rl&l should never be sub.stituted. 

FOR 6/i'OUNDt:O CIRCUIT 
'Throvgn 7'hn:ws>h 

pci"Celaln pan;clt3c·n 
1'td>fJ 'it.> 't'ubs :to 
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7:'?:/ephone 
, .Set-

FO!f' Mt::T/1 LLIC Cl/f'C(.I/7 
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;::u:;n:;f17ai.>? prH·c~7al.>? 
~1!.>-tb Tubf!J 'to 
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1illephcne 
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Fla. Z7.~Wiring diagram f'Jl' OO!ephone station.. 

The 58-Fprotect?r should be connected as follows: Connect the 
leading-m Wire or Wll'OS to the fuse tocmins.ls marked "L" most dis­
tant from the protector blocks and the inside line wires to the other 
end of the fuse terrainals-tbet is, the end Marer to the protector 
blocks. Connect the ground wire with the terminal ma.rkad "G." 
In the case of a grounded line llile only one of the fuses thongh a 
short wire should be I1ill on the end of the protector th~t contains 
the protector blocks, from the terminal marked "G" to the terminal 
-:t the s1de of the protector blocks that is not being used by the main 
line (fig. 27). 
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Protection from pipes.-Wherever practicable wires should be 
placed above all pipes or other conducting mn.terial. When a cross­
ing is necessary the wire should be protected by two wrappings of 
insulating tape, the latter extending at least 1 inch each side of the 
pipe or conducting material. 

Separation frmn light and p!YWer lines.-When it is necessary to 
cross an electric-light or power wire in the building there must be n 
separation of at least 6 inches, unless the telephone wires are incased 
in a circultLr loom or porcelain conduit. When so incased the con­
duit should project at least 6 inches on each side of the electric-light 
or power wire and be firmly secured against slipping. 

LOOKO'CT-STATION TELEPHONE SETS. 

The 1336-J telephone, special Forest Service t.ype, contains a 2,500-
ohm unbiased ringer and condenser. The 1336-K telephone con­
tains a 1,600-ohm unbiased ringer and condenser. 

An iron-box telephone set outdoors should be mo·unted on a post 
in preference to a tree or topped tree. The iron case of the box 
should be grounded by WI·apping a wire under the head of one of 
the mounting bolts when the latter is screwed in and then running it 
to the ground rod (fig. 28). A switch and protector mounting box 
should be attached to the post. The line wire should be properly 
dead ended on a bracket and insulator located on top of the post and 
extended to the switch by means of No. 14 B. & S. rubber-covered, 
braided, and weatherproofed copper wire. This wire should then 
extend from the opposite side of the switch 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 the proper termiJ:tal in the iron-box 
telephone, through the hole provided in the latter. 

If this set is employed on a metallic circuit, a double-pole, single­
throw switch should be used (fig. 28). From each of the line wires 
an insulated copper wire should extend to a switch, and from the oppo­
site terminal to its proper terminal on the protector, and thence into 
the iron-box set. The latter is grounded from the mounting belt, 
while another wire runs from the ground terminal of the protector 

to the ground rod. 
Installations of this character may be placed on lookout points 

where there is nothing but rock. The post may be bolted to the 
rocks and the ground rod located wherever a suitable place can be 
found, even though it is a considerable distance away. In this case 
the wire to the ground rod is run in the Sl).me m8.Illler 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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Wiring Diagram TiJrAhlollic O"rr:uir 
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FIG. 28.-Wlrlng diagnl.mfor lookout- telephone station. 
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MAINTENANCE, 

Inspection of telephone lines should be made regularly during the 
fire season, and special inspections by the ranger or other officer in 
charge immediately alter a severe wind, snow, sleet, or electrical 
storm, s.nd alter fires. Rangers and guards when on patrol duty 
should watch the telephone lines, cut out any trees that m.a.y have 
fiillen across them, and make any other necessary repairs. Tests 
should be made at a certain hour each morning during the fire season 
to see that no trouble exists. 

Each forest supervisor should establish • regular organization on 
his Forest for the proper inspec~ion and maintenance of each Service 
line. 

LINE. 

The entire line should be gone over thoroughly once a year, pref­
erably before the beginning of a fire se!ISon. Each pole should be 
inspected; brackets, insulAtors, and tie wires which are broken 
should be properly replaced; and till foliage and int<>rfering timber 
eleared away. Poles should be examined for butt rot and for twist. 
In the latter case it should be determined whether the pole hos 
twisted to an extent to permit the line or tie wire to touch it. Lo""" 
guys or braces should be tightened and all loose or badly corroded 
joints renewed. 

TEST STATJONS. 

On lines more than 15 miles long one or more test stations should 
be established. These should be so arranged that the line may be 
loop<>d into the house or building where the t<>lephone is and through 
two switches plAced uear the latter (fig. 29). The instruments should 
be connected to these switches in a way to make it possible to cut 
off either end of the line, while the instrument remains on the end 
de.sirsd, and yet bridge to the line when both switches are elosed. 
In this way the line may be cut by the switches for testing in either 
direction and line trouble more roodily located between C<Jrtain defi-

nite points. 
By opening switch "A" the telephone is connect<>d to one side of 

the line ouly. By closing switch "A" and opening switeh "B" the 
telephone is connected to the other end of the line.· By closing both 
switch "A" and "B" tho line is in normal condition. Care should 
be taken after making tests that both of the switches are left in 
contact, otherwise no calls can be sent through. 

If desired, provision can be made at any point on a line for testing 
it in either direction with a portable telephone. In such cases the 
line wire should be cut and dead ended from both directions on the 
same pole with a two-piee<J transportation insulat<>r (or two brackets). 
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The ends should be left long enougb aft<>r dead ending to be joined 
together with a test connector, so as to complet£ the circuit. 

The voltmeter test stations might be used at logical switching 
centers. The district forester should be consulted, however, before 
equipment of this kind is purchased. 

Emergency wire is a No. 20 B. & S. gange wire, consisting of 10 
strands of No. 30 B. & S. gauge hard-drawn copper wire twisted 
together and insulated with a double-reverse close serving of cotton 

waterproofed with asphaltum compound. Since it w e!ll!ily broken, 
It will not be used as a substitute for permanent line collStruction. 
Its use should be limited to emergency purposes. 

Emergency wire should be constantly inspected while in use. 
When being strung, it Should be kept off the ground wherever possible 
and be a:whored a~ corn<>rs and tied about every quarter mile. Fre­
quent coils of slack should be left for repairing breaks. 

Experience will show where emergency wire can best be employed. 

DISGONNECTlNG .BRANC:O: IJNE'S IN WINTER. 

Since any trouble ~ccurring on branch lines to a lookout point or a 
ranger stati~n may mJure the entire telephone system, snch lines 
should be dusconnected from the .=in line whenever they will be 
out of use for a cons,derable penod, especially during the winter. 
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The disconnection from the main line may be made by a suitable 
pole switch properly housed and mounted, as shown in figure 22 or 

23. A Fahnest.oek test 

!! 

II-· 

clamp may also be 
used for this purpose. 

/'IITU'"ll li.EINFQRCEMBNT FQR 

POLES. 

Poles that have be­
come seriously weak­
ened by butt rot near 
the ground line should 
be replaoed, ex c e p t 
where conditions are 
such as to warrant re­
inforo ing them by 
mell.DS of a stub of 
long-lived timber . 
A stub should ordi­
narily be used where 
suitable pole timber is 
not available and to 
reinforee poles that are 
sound above the 
ground, irrespective of 
their condition at the 
ground line. 

The stub or post 
should be peeled and 
shaved and roofed, as 
shown in figure 30. 
The sides of the post 
and of the pole which 
come in contact should 
be faeed above the 
ground line to a width 
of 2 or 3 inches, so as 
to give a greater bear­
ing surface. 

The diameter of the 
stub at the ground line 
should be at least as 
great as would be re­
quired for a new pole. 
The weaker the pole to 
be reinforced the stouter 
should be the stub. 

I 
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The stub should ordinarily be set to a depth of 4 feet and should 
extend out of the ground about 5 feet, making the total length from 
9 to lQ feet. 

Strain on the weakened 
pole should cause it to bear 

A 
against the stub. For this 

Simple Mett!oct of Testing 

reason stubs in general B +----, 
should be set in line with 
the line wire. Where there 
are prevailing strong winds 
from one direction, how-
ever, it should be set on the 
side opposite. On curves 
and at corners a stub should 
be set on either side of the 
pole in line with theliuewire. 
Where any special skain 
exists, the largest post avail-
able should be used. 

Wrappings consisting of 
No. 12 iron wire should be 
placed as indicated in fig­
ure 30. Each wrapping, 
consisting of eight turns 
around both pole and stub, 
should be made as tight as 
possible with pliers or other 
devices and the ends twisted 
together with not less than 
six turns and then stapled 
to the pole. The wires may 
be twisted very tight if an 
iron rod about one-fourth 
inch in diameter or one rum 
of cutting pliers is inserted 
between an equal number 
of turns at a point opposite 
the liue of contact. Both 
sets should be twisted at · 
the same time. 

Where it is impossible to 
secure sufficient strength by 

Connecfwir~A io 0/te.side of' cot/ 
to b~ li::sted and Tovch wire tJ l'o 
othC!r S/det iT cl/cA- is heord c.otl 
;., 0.1( 

wrapping the stub and the pole together by wire, through bolts should 
be used. The nuts, washers, and bolts should be of galvanized iron 
and the washers about 2} inches square. 
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No back filling should be done until after the stub is in place. The 
same method should be followed as described under the heading 
''Setting poles," page 19. 

APPARATUS. 

All telephone apparatus at stations and elsewhere on the line should 
be carefully inspected for loose connections or other defects. The 
irupector should call up the term.inal or intermediate stations from 
each instrument and note particularly how the generator of the 
instrument rings its own bell and how the bell rings at the station 
called. The called station should ring back in order to test the bell 
at the calling station. In making tests it should not be taken for 
granted that something is '\\Tong if an answer is not immediately 
obtained. If. unable to get the station after several attempts, call 
another station and try to get a test with it. 

BA..l"'rElUES, 

All dry batteries on the line should be replaced at least every 12 
months, and more often if necessary. As tar·as practicable, all the 
batteries on a line should be renewed at the same time, preferably 
at the beginning of the fire sea.son. A fresh battery should not be 
connected to a.n old one. The inspector should note whether or 
not battery connections have become loosened. In potting dry 
batteries back into a tdephone, the inspector should see that the 
zinc binding post on one battery does not touch the zinc binding 
post on an adjacent battery (fig. 24). 

An emergsncy test to determine whether or not a dry battery is 
absolutely dead may be made by moistening the finger and gripping 
the zinc binding post, and then touching" the tip of the tongue to 
the carbon binding post. If a very slight acidulous taste is noted, 
the battery is not absolutely exhausted, although it may be suffi­
ciently so to be incapable of giving good transmission. In extreme 
emergencies, exhausted dry batteries can sometimes be temporarily 
revived to give sufficient current for sending an important message 
over the line by driving holes with a nail through the zinc shell 
and allowina water tc soak in through them. 

Lightulnge protectors should be inspected, and cleaned. ii neces­
sery, after all electrical storms. The No. 60-E protector"' cleaned 
by unscrewing the brass cap from the porcelain base, removmg the 
metal protector blocks, and removing from them any soot or sm?ke, 
or pits which callSe the blooks to touch each other. Both co':'ditions 
are the :result of lighining jumping across the air gap proVIded by 
the mica separator. In replacing the blooks be sure to put the 
mica back. In loealities where lightning is particularly bad and 
the stations are difficult of access two micM may be inserted between 
the blocks, thus increasing the width of the air gap. 

1 
J 
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OllJNG (Hi$E1tATOR. 

Once every two or three years one drop of typewriter oil or '' 3 in 1" 
will be placed in each of the places provided with oil cups. Great 
care should be taken to see that no oil falls on any of the contacts 
or rubber bushings of the generater. 

TROL""BLE. 

On the instnnnents that the Forest Service has adopted as stand­
ard the canses for trouble have been reduced to a minimum. Light­
ning is the greatest source of trouble. 

The ringer coils, which are constructed of line insulated wire 
wrapped around an iron core, occasionally burn out. When this 
happens it is necessary to substitute a new coil. The armature ' in 
the generator may also burn out, necessitating replacement In the 
:receiver the small coil of insulated wire wrapped around the end 
of the permanent mnguet is sometimes burned out by lightning or 
heavy outside currents. 

The following methods of testing may be nsed to loeate trouble 
a.s just described: Connect one side of a receiver to one pole of the 
battery. If when the other side of the receiver is touched to the 
pole of the battery no click is heard, the receiver is open. 

By the use of the receiver, ii in serviceable condition, and the 
batteries, as shown in figure 30, any of the wire coils may be tested. 

A test of the generator may be made by disconnecting the instru­
ment and placing the moistened tips of two fingers over the two 
screw bioding posts on the end of the generator. If the latter is 
in adjustment, current will be felt when the crank is turned. If no 
current is felt, probably the armature of the generator is open. and 
a new armature must be obtained.2 

It is impossible to talk through tbe transmitter when the induction 
ooil is open, when the batteries are weak, or when there is a loose 
connection somewhere in the instrument, ru;; at one of the connections 
on the batteries or else at the switch hook. 

DETEO'l'!ON AND REMEI>Y, 

Trouble in any place is likely to affect the entire system. Ine>:­
perienced persons should not. be allowed to tamper with t<llephone 
instruments. It is usually well to have a spare telephone on each 
]'orest which can be temporarily installed while a telephone or the 

1 '!'h;; pnrt in the genlll'frtor that rtwolves hetwoon the p~~rmanMt magnets. This is oomposed of two 
windings aro!llld an iron b~ on opp<>sit& sides of tM centN'. Tht~ ~ tll!«d on IIWIHl &otiS IU'<O pro. 
tected Ul a certain extent by :ni$:Ul.S Q! a "Shunt." 

~ Tbe bard-rubberbushing'$aomet!mesoot'bmllze.,due Uloil or~ g(lttingon them,snd!!IIUSG genatatct 
trouble. 
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part of it that is out of order is sent to some reliable telephone man 
for inspection, repair, or readjustment. 

In general, telephone trouble may be in connection mth (1) sig­
no.ling, or (2) talking and hearing. The generator furrushes e~ent 
for signaling or ringing the bells, sending a current o'l'er the line to 

all bells on its way to ground. The generated current is intermittent, 
and jumps to the ground o: is greatly we~kened by groundings 
instoad of fiomng along the line. The batteries furnish current for 
conversation only. It is possible to talk over a wire ev~ when there 
are slight grounds through. trees or through the line Wll'<l touching 
the ground in dry places, but it is not possible to signal. 

' 1 
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Troubles may arise from various causes: Tbe line wire may be 
broken, down on the ground, or the current may be leaking through 
contact mth folinge, trees, poles, or other lines. Tbe trouble may 
be at the stations or at pole switches; it may be caused by the smteh­
ing fl.ITil.llgements at the terminal of the line, or it may be due to 
trouble on other connecting lines. Trouble is often caused by poor 
ground connections or bad splices and joints; in many CMOS the light­
ning protector needs cleaning. 

Tbe most common troubles, mth the cause and remedy, follow: 
No. L You can not ring up f!.!lyone; your generator handle turns 

hard; your bell does not ring when you turn the generator. 
When testing to discover the cause of tbis trouble the receiver 

shonld be left on the switch hook. First disconnect the two wires 
which enter the telephone set from the terminals marked "L-1" 
and "L-2," and screw down the connections on the wires coming 
from the ringer. Now turn the generator. If it turns easily and 
the bell rings wall, the trouble is not in the telephone set. 

Tben connect th.e line wires to "1~1" and "L-2" terininals and 
Jlisc<>nnect the line wires from the protector, leaving the inside wires 
to the telephone set attached to the protector. Now turn the gen­
erator handle. If it is difficult to turn, remove the protector blocks 
from the protector and try the generator again. If it turns easily, 
clean the protector blocks, replace the thin piece of mica between 
them, and put back into the protector. Now test the generator 
again, and if it turns properly, connect the line wires tQ the protector 
and see if the telephone set works ss it should. 

If the generator turns pNperly when the line wires are discon­
nooted at the protector, but is difficult to turn when the protector 
blocks have been cleaned and the line wire again attached, the 
trouble is either in the wiring between the protector and tbe pole 
or out on the line or in the :""ring apparatus at one of the other 
stations. Carefully examine the mring and th.e line for a place where 
one of the wires crosses another (if the line is metallic) or where the 
main line or drop wire touches some ground connection. If in a 
metallic line the wires are crossed, the generator crank mll turn hard 
as abo'l'e described. This is also true of a grounded line if the wire 
becomes cressed mth some foreign ground. On a metallic line, if 
one side of the wire is touching a ground, a humming noise will be 
noticeable on the line. 

If the genel'!l.tor turns hard even when the line :""res are discon­
ne;:;ted fNm the telephone, look for incorrect :v"ring or crossed mres 
in the set or for carbonized bushings on the generator. When this 
latter trouble exists the odor of burning rubber is noticeable when the 
door of the telephone is opened. 
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If every station on the line has the same trouble, call for an inspec­
tion of the protector at each station, or look for trouble along the pole 
line or in the terminal arrangements where the line is connected to a 
switohboard or to another line, and inquire out on that line, if neees­
sary, or disconnect from it temporarily, 

No.2. You can not ring up anyone; your generator handle turns 
easily; your bell rings when you turn the generator. 

If a metallic line, look for a loose connection at line "1" and "2" 
of the telephone set. If a grounded line, look for a loose connection 
on the main line at line ''1" or on the ground wire which is attached 
to line "2" in the instrument. Look for a loose connection at the 
protector or where the inside wiring is attached to the outside wires. 
Look for an open fuse. If trouble is not found at these points look 
for a broken wire or a poor ground. 

No. 3. You can not ring up anyone; your generator handle turns 
easily; your bell does not ring when you turn the generator. 

Look for a loose connection or a broken wire in the telephone set. 
See that your ringers are in proper adjustment. It may be that one 
of the wires to the generator is disconnected from one of the line 
wires, or one of the ringer wires may have become loose or broken: 

No.4. You can not ring other places on the line, or only feebly; 
your bell rings all right when you turn the generator. 

Look for a loose connection where line connects with telephone 
set, where line connects to protector, or at the ground. It is possible 
that the trouble may be due to a poor or corroded splice in the line 
wire or to contact between the line wire and tre<!S, poles, or other 
lines. In the case of grounded lines be sure that the ground at the 
telephone you are trying to call is in proper condition. Be sure that 
your own ground is in the same condition. 

No. 5. Your bell does not ring; other plaoos on the line ring all 
right. 

Look1or a ~roken wire or loose connection in the wires coming from 
the ringer. If the connection and wire are all right, see that the 
ringer is properly adjusted.' Make a test on your ringer coils to see 
that they have not been burned out as heretofore mentioned. 

No. 6. You can hear otherS all right; others can not hear you. 
Look for a loose c.onnec.tion or broken wire coming from the trans­

mitter, batt;,ry, induction coil, or switch hook. See if the e.onnec­
tions to the induction coil !l.1'll all right. If this examination does 
not show anything wrong, thump the underside of the transmitter 
lightly with the hand, as the carbon granules in the transmitter may 

1 The clapper MU ni s 1'ing13E should m~ 1rnely, In most CBStrS it should hM€1& moveUlOO.t of about 
(lll&i!h:tt~~mth of an inch. Th€ goog11 shOUld M :m set that tb(l elappar ball strllces but does not rest agsiDst 

tb~ when thrown to either side. 
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have become packed. If this fails to improve matters the trouble 
InAY be due to an exhausted batterv. 
. No. 7. You can not hear oth.,.,; distinctly; others hear you all 

nght. 
Look for. a loose connection or broken wire eoming from the 

rece1ver,. SWltch hook, or induction coil. UllllCrew the earpiece from 
the receiver and brush out the inside and wipe off the diaphragm. 
Also brush off any particles that may have been collected on the 
m~ets underneath the diaphrngrn. If the diaphragm is bent in, 
turn It over and replace the earpiece. Screw this on firmlv. but not 
very tightly. • · 

If this does not reveal the cause of trouble, unfasten the receiver 
co~ from the terminals in the telephone set and while holding the 
recmver to the ear touch the two terminals of the receiver cord to 
the terminals of one of the dry batteries. If vou can hear a click 
when the cord is connected in this, the receive; is all right and there 
must be some fault in the wiring. If you do not hear a click it is 
probable that the receiver winding or the cord is broken. · ' 

No. 8. Neither you nor others can hear distinctly. . 
The tr~uble is probabl! due t<> some loose connection or poor or 

corroded JOmt m tba wmng at the telephone station or out on the 
line, exhausted batteries or poor grounds or a 100S:. lightning rod 
touching the line. ' 
. No. 9. ;rru: st:ations at ~· terminals of the line have increaaing 

difficulty m rmgmg or hearmg each other plainly. 
This trouble may be caused by too many stations on the line or 

too long a. line for the size of the wire used, to ground rods located in 
too dry soils, or to corroded splices or poor joints. Any or all of these 
troubles ~ay be combined with exceasive line leakage through 
contact With ·trees, poles, or foliage. If fixing up the entire line 
improves the talking but not the ringing see that all the telephones 
on the line have 2,500-ohm ringers. s:e that the generator crank 
shaft comes back into place after calling a party on the line. If this 
does not make the ringing satisfactory, cut off some of the stations 
o~ divide the line into s~tions, or rebuild the main line, using heavier 
Wli'O.. In extreme cases 1t may be necessary to build a copper metallic 
Cll'(lillt. The fault may be due to similar conditions or poor main­
tenance on a foreign telephone line or switchboard to which the 
Forest Servioe line is connected. 

CROSS TALK. 

Cross tal.k occurs wh<m two grounded lines !l.1'll strung on the slllll0 
~les. This mterference with conversation is reduced Ill! far as pos­
Sible on a grounded !me by good grounds at all subscribers' stations. 
Separate ground rods should be used for separate lines. If it is 
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dPSirod to elimillate cross talk:, the circuit must be made metallic and 
the sta:ndard method of transposition followed. By making one 
of the two lines metallic, cross telk i.• elimillated on the metallic line, 
but may still trouble on the grounded line. 

STA'l"IC ELECl'RICITY. 

A great deal of inconvenience may be caused by static electricity. 
There may be no trouble in tbe morning, but toward noon a frying 
noise is appareJlt and in the evening it is impossible to carry on a 
conversation. Trouble from static electricity is usually greater in 
high altitudes than at low. 
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On~ method of removing static electricity from a line il; by the 
use of a lavite coil, or equal, with a resistance of 48,000 ohms. This 
coil should be installed along the line at intervals of from 3 to 10 

·+h 
0 

~~=: .... ~:....4 
..N:tt~ 

miles, and attached to a ground line as shown in figure 33. In a 
metallic line two coils should he attached, one to each wire. The 

00 00 
~ .. 

00 

same ground may be used for both coils. The coil should be in­
closed in a small weatherproof box. 
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Another method of draining static electricity is by the installa­
tion of vacuum lightning protectors. These protectors should be 
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:FlO, J7,-Bwitching station (fttst m£thod). 

installed in the same ma.nner "" the lavite coil, except that the fus& 
may be omitted. 

TELEPHONE CONSTRUCTION AND MAIN'I'ENANCE. 69 

It is sometimes necessary to make a study of static conditions, "" 
the distance between coils is not the same in all cases. Before doing 
so the district forester should be asked for definite instructions. 

SUPPLEMENTARY DIAGRAMS. 

The following diagrams show graphically certain methods m tele­
phone construction previously referred to in the Manual, a~d other 
methods of construction which may at times be found expedient, but 
which were not taken up in the preceding text. 

L/i'!11':' -.z ________ _, 

00 

Figure 34 is the legend which shows how the various parts of :he 
telephone equipment are graphically represented in the succeeding 
diagr!II!lS. 

TWO METHODS OF CONNECTL.~G UP A SWITCHiNG STATIO!i WJIERE 

THREE GROl:i'l\'"'DF..D LINES TERMINATE. 

Th.e method shown in figure 37 should be used where the three 
hnes are not connected most of the time. It requires the following 
equipment: Two extension bells, one telephone set, and three 
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single-pole, single-throw, baby knife switches. With the three lines 
the two extension bells and the telephone remain across the line. 
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The method shOwn in figure 38 should be used where the three 
lines are connected most of the time. It requires the following 
equipment: Three extension bells, one telephone set, and three 

. . . 
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single-pele, double-throw, baby knife switches. With all the three 
lines connected just the telephone remains across the line, the three 
extension bells bsing disconnected. 

CONNECTIONS ON 47-A REPEATING COn.. 

The 47--"- repeating coil is the most reliable and serviceable coil, 
both from a talking and signaling standpoint, and should be llll<!d 
wherever possible. This coil is also used for phant<>m work. By 
"phantom" is meant the utilizing of both sides of a metallic line for 
one wire. As illustrated in figure 39 an additional telephone circuit 
is thereby obtained . 

Equipment necessary: One (1) 47-.A. repeating coil, or one (1) 8-A 
repeating coil; two (2) lightning protectors; one (1) galvanized-iron 
rod. 
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Flo. 41.~ grounded l.b:l$ to m&ttillic J.ine. 

This circuit shows the method of connecting a. grounded line to a 
metallic line where connections are permanent and repeating coil 
ru1d protectors are plaood in a waterproof box on & pole. The dotted 
line shows the 8-A repeating coil in circuit while the solid line shows 
the 47-A coil in circuit. The figure is self-explanatory. The 47-A 
rather than the 8-.A. repeating coil should he uood. 
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METHOD OF t?SING .A QROr:NDED FRANT0l1 CIRCUIT OL"T OF .A METALLIC 

R\J:RAL LINE. 

The following equipment is necessary: Two 47-A repeating coils, 
one extension bell, and one double-pole, double-throw, baby knife 
switeh. By the method shown in figure 40, the Forest Service 
utilizes both wiies for their line, the c.onnection with the Service 
line being made &t the end of the rural line circuit, thus eliminating 
the necessity of stringing in additional v;-\re parallel to the telephone 

eircuit. By the use of the phantom circuit a direct line is obt&ined 
to the exchange or town where the rural line terminates without 
interfering with subscribers on the latter. The circuit is so arranged 
that the grounded Forest Service lin? "?'"Y cut on the met~c line 
direct through the 47-A repeating ooilm an emergency. lt JS also 
arranged so that should any of tha ranchers d';"ire to talk to one. of 
the stations on the Forest Service grounded line beyond the pomt 
where the rural line terminates, by calling the station at the end of 
this line the switch "t that point may be thrown and direct con­
nection bad. This phantom circuit can only be built up where the 
metallic line does not parallel any electric-light, power, high-tension, 
or railroad wires. 

c._; 

i;J 
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A SWITCID:SG STATIO:S WHERE A GU.OUNDED I..lNE YAY BE ctiT TIIRO\;GH 

TO A METALLIC LINE WITH A 47-A COIL L~ CIRCUIT. 

Equipment necessary: One 47-.A. repeating coil, two double-pole, 
donble-tbrow, baby knife switches, and one telephone set. This 
method (fig. 42) is used where connection is necessary with some 
commercial talephone company's toll line, oue t~ephone being used 
on the commercial eompiUly's line and one telephone on the Forest 
Service line. II a subscriber of the commercial telephone company 
is using the toll station, the call on the Forest Service line may be 
answered at the ss.me time, thus avoiding delay or interruption. 
When it is necessary to connect the grounded line to the metallic 
line, both switches should be closed, only one telephone being left 
across the line. 

00 

METHOD OF CONNECTING GROL"NDED UNE TO METALLIC LINE SO THAT 

E.ITHER CAN BE USED WITH SAME TELEPHONE. 

Equlpme.1t necessary: One 47-A repeating coil, two double-pole, 
double-throw, baby knife switches, one double-pole, single-throw, 
baby knife switch, one extension bell, and one talephone set. This 
circuit is arranged (fig. 43) with one telephone llnd signal bell, so 
that a person at the station may talk on either line by using the 
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same telephone. The op<>ratiou of the switches is M follows: Swit.:b 
1 closed down, switeh 2 op<>n, switch 3 closed-telephon_e on metallic 
line direct. Switch 3 open, switch 1 closed d~wn, SW1tch 2 cl':""d 
down-telephone on grounded line direet. Swttch 3 closed, SW1tt:h 
1 closed up, switch 2 closed up-grounded line cut o~ to metallic 
line through repeating coil direct, instrument. remiiJll!Ilg across 
entire line. This circuit is so arranged that the m~trume~t may he 
left on the grounded line and the ext<>nsion bell wtll rmg il a party 

t this station on metallic line is co.lled. SWitches ~ and 2 should 
:ever be closed down at the same time witho~t openmg 3, as by so 
doing the metallic line would be made very nm.sy · 

APPENDIX. 

FORM OF CONTRACT :BETWEEN ..A. COYMERCLU, TELEPHONE COMPANY AND 'M.:IE 
SECRET.UY OF AGRICULTURE OF THE UNITED .STATES FOR TELEPHONE SERY:r<:E 
IN CONNECTION' Wl'rH THE NATIONAL FORESTS. 

This i\g'l'Oement, made th.ia ~· ~ ••• day of ~· 7 •••• ~· ~, 19 .. 1 by and botwoon ...... 
.................................... , a corporation OTg&.llized and exieting under 
n.nd by virtue of the laws of the State of .. -.- .•......... (be.reina.i'ter called the 
Telephone Company) oi the fuat part, and the Sec:reta:ry of Agriculture of the United 
States (hereina.fter called the Secretary) of the at)eond part. 

WITNESSETH! 

WbeTeaa the T~1ephone Compu1y operares a gen-eral public commercial telephone 
exchange and toll line system1 whlch includes certain exchanges and toll lines located 
in the mighborhood of certain National ForeBia under thac ju:riedictiw of tbe Secr$ta.ry' 
and aitu.ated 1 in whole or in pM'tt in the territory of the Telephone Compwy; and 

Whereas the Secretary desires to utilize, Man aid to the Administration, protect.io~ 
and pooeerva&n of National Forests and in fire p.nwention and control, certain 
apecia1 telephone 1acilities which the Telephone Company is ab!~ W supply 1 s.nd the 
Secretary alao desirea W procure from the Telephone Company. in connection with 
fire prevention and control and in the admin.istra.tion of said National X~. tele-­
phone exChange IUld toll line aer.-ice; and 

Whereas the Telephone Company iB willing to furnish for the :foregoing purposes, 
the SJX'Ci&l telephone fa.cilitica a.nd the telepho-ne t~xchange and toll line service here­
inafter menti.oned 1 and is .also willing, to the ext-ent and in the manner hereinafter set 
forth, to coopera.te with the Secretary and to enlist. aa well1 ao far u pol':tiible 1 the 
cooperation of the TelephoufJ Company's au~bem in the vicinity of said National 
Foresta, in fadlita.ting and BUpplementing the operatiol:lS of the Secretary in fue pre­
vention and control: 

Now, therefore, in consideration of the premisea and of the covenants and agreements 
hereinafter aet forth, it ia agreed by the parties hereto as follows: 

All.TICI.E 1. 

The Telephone Company will, as the &cretaxy may, during the oontinus.nee of 
this agreement, from time to timt' request: 

1. Connect, by tel~phone line or linea of suitable type1 with the central office of 
the Telephone Company in any exchange then eatabl~ in a.ny municipality or 
settle~nt adja.cent to o:r in the neighborhood of any National Forest, telephone sta­
tions in such num~, on any one auch line, and at such locations, within or adjOC$nt 
to !laid National Forest and outirlde the limits oi BUeh a.n ex~, u the Department 
of~ may require; equip each such line, at the termin.&l the:rot>f in such an 
cxchang1>. with such of the Telephone Company1s stand&rd terminal appa:ra.t'US aa 
will reduce W a practical minimum the chanC€8 of central offie<! trouble interfering 
with the operation ot such a line; and fu:rnis.h thereover local excha.nge~ local toll 
and long d..tetAnoo telephone service, under the terms and conditions and at the ratea 
set forth in the annexed schedule marked "A" and hereby made a part hereof: Pro­
vided, That the Department of .Agriculture will, at ita own expense, equip, install 
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and .mai.:ntain, as herein provided, each of sueh telephone stations, and furni~ and 
maintain, as he:rein provided. that portion of each such line which may extend to 
and betwwn such stationa- and a point, to 00 designated by the Teh;phoue Company, 
ordinarily at or near the central offiee of the exchAnge with which each such line may 
be connected o:r, in case oi an exchange o-perated within a. municipality, at. or near 
the limits thereof; the Telephone Company to fu..r:nhth and maintain that portion of 
eaeh such line whieh may extend to and between said junction and the &'Wit;)hboard 
cl the Telephone Company's said central office. 

:t Furnish, for use by the Department of Agriculture in equipping any oi the fore­
going telephone stations, sets of telephonee, with the necessary types then iurniahed 
by the Telephone Company to itssubSClibe:rs and le~~Seea in the exchange serving <l.D.Y 
euch telephone sts.tion; each such eet to be furnished upon the terms and conditions 
a.nd at the annual rental specified in the annexed ochedule "A." 

3. Furn.iBh tfl the Sec:retary, in additi.on to the da.ea of service hereinabove described 
in section 1, in any public telephone ex:cllimge then operated by the Telephone Com­
patty, auch of the Telephone Company1s regular cl~ of exchange and toll line 
service, and such other service reguia.rly furnished by it to the public, aa such ex­
change may supply, and UDder the terms and conditions and n.t tho raw expreesed 
in said schedule "A." 

4. Fumi.eh without charge, for the attachment of a.ny telephone circuit furnished 
and maintained hereunder by the Department of Agriculture, space on any of ihe 
Telephone Compa.ny1s pole lines located within any National Forest contemplated 
hereby or extending therefrom to the nea.reat exchange of the Telephone Gompanv 
or, in CaBe such an exchange is located in the municipality, then to a point to t;; 
designated by the Telephone Company, at or near the limits of auch municipality: 
.Pnn.>itkd, That any such attachments to- the Telephone Compa:ny1e pole lines shall in 
all c~ be made under its supervision .and direction, and in s.ccordance with ita 
standard speci.ftca.tinna and engineering practices, and then only whenever, in the 
judgment of the Telt<phone Company, spare facilities for such attaclunent6 exist. 

5. Construct for the Depa.rUnent of Agriculture, in, through, and adja.cent to any 
Na-tional Forest eontemplated hereby, such telepht.me pole lines as said Department 
ma.y roqui.re fill' use hereunder; strlng telephone c.i.reuim thereon; install th(t necessary 
telephone station equipment to be used in connection with BUCh circuita; keep such 
pole lines, circ:uiU!, and $ta.tion equipment in repair; and, in eaaes of emergency, sell 
to the Department of Agriculture m1ch telephone equipment and line ma.terial and 
wpplies aa can reaoonably be spared from local stock rooms of the Telephone Com­
pany; all of the foregoing services to be performed by the Telephone Company for 
the Department of Agriculture at actual cost, including reasonable and proper charges 
for supervision, plus ten (10) pet cent, a.:nd all of the foregoing sales to be made at 
actual cret at point of delivery plUB ten (10) per eent: Prol.lided, That tha Telephone 
Company shall not be bound hereunder to begin the cowrtruction of any line requested 
by the Department of Agriculture until the expiration of a. reasonable time alter the 
receipt by the Telephone Company of such roqueet, which shall not be lees than the 
time usually taken by the Telephone Company in preparing far the conatruetion of 
ita own lines. 

6. Pennit the Department of Agrk.ulture, without eha.rge and &tits own expellf!e, 
to attach to a.n.d maintain on the Telephone Company's poles, at such reasonable 
lookout points as ma.y be agreed upon by the reepeeti.ve representatives of the parties 
hereto:1 deaigna.ted aa hereinafter provided, lock boxes equipped with seta of tele­
phones, a.nd to counect such sets of telephones directly with the Telephone Com­
pa.ny'a circuits attached to such poles, with the right to the Depart.m.ent of .Agriculture 
to t:se such seta of telephones, in ca.sea of emf.ll'gency only, for telephonic communic~r 
tions over such circuits; and the Telephone C(llllpany will also, in sw:ili eases, allow 
the Department of Agriculture to connect its portable emergency seta of telephone.s, 
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fur like purposes, with the Telephone Companv's circuits located within or adJ'ac t 

• ' IF • • to any . .::'fahona orest contemplated hereby: Prtnn·derl. 1'hat the right herein granted 
to connect ~uch loek-box teleyhone sets with such clreuits may be refused by the 
~ele~hone Company when such connection would involve the use hereunder of a. toll 
c;rewt connecti:ng together any two public telephone exc!:tanges, and that connec­
tions of lock:-bo..'t telephone set.s shall be made hereunder with subscribers' circuits 
un1y after &ny necessa.ry.cousent of other users oi such circuits have been obtained. 
The Depart.men: of Agr~ul~ure hereby agrees that any connections of emergency 
telephone sets Wlth the cu:mta oi the Telephone Company hereunder, shall be made 
by the De~artme~lt of Agnculture upon its O\Vll responsibility, and said department 
shall ~ld 1tself liable to the subscribers and patrons of the Telephone Company fur 
any claims of lOS$, da.ma.ge or injury resulting from such connectiom, 

7, Designate local offi~s or em?loyeea t.o coopera.t.e with the officials or employees 
of.~e Department of Agri~ture m ~ ~ork of corntructing, equipping, and main­
~ any telephone pole. hnes and ctretUts:, and in the work oi illBtalling and main­
talD.Ulg' a.ny telephone eta.tlon equipment, which the Department of Agriculture may 
unde~ke to provide and ma~tai.n hereunder; furnish engineering and other advice 
and inform.a:t:on, t~ether wtth plans, drawings, blue prints, apecitications, and 
ncomme:ndatiom w1th reference thereto; actively cooperate with such offi.cial.IJ or 
employees of the Department of Agriculture in providing emergency conunnnication 
by ~lephon~ during_forest fires; and in behalf of and as agents of the Department of 
Agriculture m 5eeut1.Jl8 the prompt delivery of any telegrams: tranf!mitted by tele­
phone during such 1iree to or for a.ny employee of the Dep:vtmen.t of Agriculture. 
. 8. ~eep open a.t all houra, under special conditions or eme:rguncy or public :uecaa-. 

mty, many exchangea contemplated hereby, such of the Telephone Company's cen­
tral otlicea not regularly open a.t. an hours, as IMY at such times be designated by the 
Departme:nt of Agricu1ture1 auch special service to be performed by the Telephone 
Company for the Department Qf Agrieu.lture at the actual cost therwf in each case. 

9. Allow any empioyoo of the Depa:rtmeut of Agriculture to ch.ar!!e to any of its 
telephone ~tiona served hereunder by an exchange of the Telephon: Company, any 
m~.wh1ch :ruch employee·may tranmnit from any lock box or portable telephone 
set herem proVlded fo:r, or from the telephone station oi Wly subacriher oi the Tele­
phone Company: Provi.ded, That if the telephone Btati.on accepting web a <:Wt.rge.is 
not the station called for, it shall be a station connected with the excha.nge at whi<:h 
the call originates. 

10. Require its employees to strictly observe all the :rules and regulations of the 
Department of Agriculture relating to the care and protection of the N at.innal Foresta· 
ue;reise due ca.re and cau~n t? avoid injury to growing timber; and give prompi 
not;ce to the Departi?ent OI _Agriculture of any forest fires discovered by them1 or of 
which they may rece1ve notice, when engaged in any work in said Foresta 

lL Use ita good offices in axl".w.ging, eo far as possible1 with the snbacrihera in or 
near an! National ~orcst tQ give p:ompt notice to the Telephone Company's central 
office dU"ectly eervmg such subacribers of any forest :fires d.iseovered by sud sub-­
scribers or of which they may reooiYe notice, and instruct ita operators a.nd other 
employees promptly to communicate t.~uch notice to the local foreat offi.ciale. 

12. Furniah to the DepartmeD.t of Agriculture mapa showing the ~ment and 
locatio.n of the drcuite, pole linea, a.nd exchanges of the Telephone Company in the 
neighborhood of any :iational Forest <.'Ontemplated hereby. 

13. U~ ~ts gOC>d offi~s to secure for the Department of Agriculture, upo~ tenna 
and condition:! substa.ntially aim.ilar to those herein provided for, suitable ~ 
menta for the furnishing of service aimilar to the aervice herein provided for by such 
of the rounecting compa.W.es of the Telephone Company within its terri~ M the 
Deps.rtment of Agriculture may in each case desire or a.pprove. 
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14. Extend the telephone facilities and service covered by this agreement to State 
authorities: and private timberland owners cooperating with the Department of Agri­
culture in forest protection .in so far as, in the judgment of the Telephone Company, 
such facilities and servit.-e may reat10nably be M extended: Provi.dcd, That any special 
rates for exchange or toll-line service set iorth in the annexed schedule "A'' ®all in 
no caoo be &llowed hereunder to euch State authorities and timber]$;tid owners for 
any purposes other than forest prQtection, 

AaTict.E II. 
The lleoeta..y will: 
1. Upon mquest, from time to time, when compatible with the p11blic interest, 

grant or cause to be granted to the Telephone Company, ita auccessors and 9IJ3igns:, 
easements for ~hts oi way for periods of :fifty (50) yearn from the date of the issu.anee 
of such grants:. for the ronstructioo, operation and maintenance of any telephone 
lines which the company may have constructed, or zn.ay in future desire to construct, 
m~, ac.roae and upon any of the Ya.tioll&l Forests of the United States, or any land 
under the jurisdiction of the Depa.rtment of Agriculture1 including the right to cut 
down or trim· any tree-a which may interfere· with or endanger &teh lines: Provided, 
That the grant of such ee.ooments 00 the Telephone Company1 undBr the act of M:a:rch 
4, I9ll (36 Sta~, 1235), shall be aubject to genemll'<g\llations iorued thereunder by 
the Secrete.ry of .Agriculture in force a.t the time wch gr.mte are ma.de. 

2. Petm.it the Telephoo.e Company, witl.lout charge, to attach the telephone cir­
cuits of its geneml rommercW-telephone system to the pole lines of the Department 
of .AgriMllture, now or hereafter located within any National Forest. contemplated 
heoob-v or extending Jrom such Nl$tional Forest to or to points near any public telt}o 
phon~ excll&nge of the Telephone Company: Provi.dtd, That such attachments shall 
00 ma.de in &eCQldance with the rules and ~iona of the Department of Agricul­
ture, and aha.ll be ~ttOO only when. and where, in the judgment of tha Dep:art.­
ment of Agriculture, spare facilities exi.!'lt. 

3. Sell tO the Telephone C.ompa;ny in a.ceurdance with the regulations of the Depart­
ment of Agriculture for the construction and ma.i.ntenance of the lines of the company 
timber from mch of the Nat.Umal Foresta aa are traversed by or a.djacen.t to such lines, 
when BUch linea a.re not necesaa.IY for the protection of the National Foreets from 
fire; and fumiah to the Telephone C.:.mpa.ny, free o! cha.rge, Nationa.l Forest timber 
ior PQles and other ptll'pC.lOOS for the construction and maintenance of telephone linea 
within or adjacent to National Foresta, when such lines are neCBf'lm'Y for the protec­
tion of the National Foresta from fue: Pro'l!itkd, That no sale or free use of timber shall 
be made or allowed that would, in the npinion of the Depa;rtm:ent of Agricultu.re:, be 
injurious to said National Forests or ineonaistent with the purpooos for which they 
are created a.nd adminiate:red. 

4, Use or require to be used upon all telephone circuits, furnished and maintal..ned 
by the IMpartment of Agriculture fOT use hereunder in conne<:tlon with the exchanges 
and lines of the Telephone Company, only such telephone- tmnemitt.era, receivera, 
~pparatus, applia.nces, equipment, a.:ud :m.ateria.l a.a shall in all eNJe~.t be of a standard 
approved by the Telephone Company aa auitable for the purposes of th.is agreement. 

S. Equip at all times with such protective devices, and koop in such repair a.nd 
maintain in su_eh a n:um:ner a.e shall con.fMm to the standard requirementa of the Tela-. 
phone Company for the performance Q[ such work by its employees, all teluphone 
transmitters, r(!OOivers, appamtus, appliances, equipment, material, wires, and cir­
cuits maintained by the Department of Agriculture and used hf)limnder directly or 
indirectly in connection with the t>-'tcha.nges and lines of the Telephone Company. 

6. Protect! in aeeords.nee with the standard apecificationa and engineering practices 
of th<! Telephone Company, from all danger of or exposure to crosses or contact with 
or :Wduetion from high.tensiou electrical cireuits, all telephone circuit$ maintAined by 
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the Department of AgricultUl'e and used hereunder in cotmect:ion with the exclumgea 
and lines oi the Telephone Company or attached to its poles. 

7. ObserveJ in the ure oi the telephone stations and circuita furuiahed or 1l8ed 
hereunder in connection with the exchanges and lines of the Telephone Company, 
a.ll reasonable rules and regulatione:~ oi the Telephone Company govem:ing the use of 
its suhacribers' stations and not incorudatent with the provi...o:ions of this a,."l'eement. 

8. Permit to the Telephone Company at all rea.<JOnable times access to any tele­
phone station equipment or t.f"lephone circuit u.....OO hereunder in connection with the 
exchanges or lines of the Telephone Company for ma.kiug :ruch inspections or such 
service teats as may be requiaite for the purposes of tbia agreement. 

9. Pay, in accordance with the terme and conditioru~ and at the rate set forth in 
the annexed .echedule ~<A," all charges for local exchange, local toll and long--distance 
telephone service furnished hereunder by the Telephone Compa.ny, and also pay, in 
acrordance with the provisions herool, all other chargea of the Tt!lephone Company 
for any other servicee performed hereunder, or for Jnatru.ments, equipment, material, 
and supplies fu.rnished to the Department of .Agriculture- by the Telephone Company. 

10. Designate ofliciala and employees with authority to BBSist and cooperate with 
the deaignated offic:ia.le and employees of the Telephone Company ill the C<tnstructio:n 
and maintenance· vi the telephone lines furnished and :maintained hereunder by the 
Department of Agriculture and in genemlly efiecrua.ting the provisions of th.ils agroo­
ment; and with the further authority to ?equisition or obtain1 in behalf of the Depart­
ment oi Agriculture, any telephone circuits, apparatus, appliances, equipment, and 
material for uee in emergencies, the ~nstruction, maint.enaJ.)ce-, or repair of telephone 
lines used herennder, or any benefit or thing accruing to or to be derived by the 
Department of Agrieulture under or by virtue of the provisions of thla agrwment. 

ARTICLE IlL 

It is expressly understood and agreerl between the parties lrereto that: 
1. Thia agreement doea not CDUtempiate the use hereunder, iu connection with s:o:y 

regular oorvice of the Telephone C-ompany, of any telephones and station equipment 
not iumished by it, ex~pt in cas:ea of emergency, a.nd the usc of any such telephones 
and equipment is so permitted only in view of the public dems.ud and necessity 
therefor. 

2. No part of the iacilit:ies and service furnished hereunder by the Telephone Com~ 
pany to the Department of .Agriculture shall be used in connection with any service 
for which a c.harge or compensation shall be received or collected by the Department 
of Agriculture from s.ny person, firm, or corporation, without the express approval 
and consent in writing of the Telephone Company. 

3. No telephone transmitter, receiver, apparatus, wire, or circuit furnished to or 
-used hereunder by the Departlnent of Agriculture in connection with the excha.nges 
and linea of the Telephone Company shall in any case, without ita express approval 
and consent in writing, be connected directly or indirectly with any telephone tra.ns­
mittet receiver, apparatllS, wire, circuit, or service other than that of the Telephone 
Com~y, nor shall any telephone station served hereunder by an exchange of the 
Telephone Company be located outside its territory without sueh approval and 
consent. 

4. Upon the wn:nination of thia: agreement, as hereinafter provided, all connections 
of the telephone circuits hunished and maintained by the Department of Agricultlll'(l, 
thereto(<tn) made with the general commerelal telephone system of the Telephone 
Company, ma.y be discontinued and severed by either party hereto, but if, at the 
ten:.nination of this agreement, either party shall desire to continue the a.ttacbmenta 
made hereunder to the pole lines of the other, such attachments Bhall be allowed to 
rerollin oo auch polillll under such terms and for such rental chargee as may be agreed 
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upon between the parties. In the event that the parties hereto are unable tQ agree 
as to the terms or rental charges for attachments other than those covered by eped.fic 
eMements which mn.y be retained on said poles, as al.mve provided, all questions at 
issue be~een them shall be sumbitted to a board of arbitration compmed of three 
membersr one to be oolected by each party, and the third to be chosen by ~e :wo 
thus selected, and the tindL>1g of the majority of such oonro shall be finnl and bmding 

upon both parties. 
5. The proviaioos of this agreement shall be binding upon and shall accrue to the 

benefit of the successors and aarigne of the Telephone Company. 
6 No Member of or Delegate to Congress is or shall be a.dmitted to any share or 

part, in this agreement or tO any benefit to arise therefrom. (Sectiona 3739-3741, 
United States Re•ised Sta.t11tes.) 

1. This agrooment shsll remain in force for- a. period of one (1) year from the date 
hereof and thereafter shall be MWilUI.tically renewed for perioda of one (1} )'"'Cal', 

unle&'!,c!Uiceled by written notice itom either party to the other not less than sixty (60) 
.days prior to the exp.iration of any one (1) yeart.enn: Pravidal, hcwever,_That not:hing 
herein contained shall be ~onstrued as binding the Secretary to expend 1n any one (1} 
.£seal year any eum in excess o[ appropriations made by Congress fo.r that :fiscal year, 
or to involve the Govemmentin any <:ontrnct or other obligation ior the future payment 
-of money in ex:cess of such appropriations. 

In wltneaa whereof, the parties hereto ha v~ caused tb.is irurtnunent to be executed 
in duplicate the da.y and year fi.:rst above wntten. 

By············· 

Attest: 
................ , ................ . 

Secretary. 

............. ·········· 
Secretary of A!JricnUur.e. 

.A..MERICAN 1'EUP:S:ONE AND TELEGRAPH COM::P ANY SPECIFICATIONS FOR BEST­
BEST GALYL'ITZED-mON WIRE. 

Gawral a-ripti<m.-The fiu.ished product d- under theoo speci!lcations ron­
:&ists of galvanized Boot-Beat wire as hereinafter specified. 

Finish.-The wire shall be cylindrical in form and free 1:rom scales1 inequalities, 
:!laws, splinta, and other imperfection. . • . 

The finish_ of the wire shall be in accordance With the beet commereW practice. 
Each coil shall be wa.rranteii not to contain any weld, jol..nt, cr splice in the ~ 

before drawn. • h • _ · · 
Galvanizing.-The wire shAll be v;ellgalva.nized in accordance mt tu.v specificationa 

for the !ral:vanizing of iron and steel hereinafter referred to. 
Phyai::al rm]Uir~.-The galvanized wire shall conform to the following requ.ir&­

m.enta: 
ELEC1R.ICA.L REQ.ClREMENTS. 

El«triatJ 7c.Nt.anee.~TM resistance of the wire in ohms per mile at a temperature 
of sixty-cight {68) degrees Fahrenheit shall not exceed the quo:ient Wing .f~ 
dividing the constant numbl)t1 fifty..aix hundred {5800), by th~ wet.ght oi the Wll'elD 

pounds per mile. 

( 
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'MECHA.."itC.U. REQUU\EM&NTS. 

Dimt'l'Uticm.-The diatneter of the galvanized wire ah&.ll he within the limif$ given 
in. the following table: 

• 0.201 0.203 o. 198 
8 .169 .165 't61 
9 '162 .148 ·'" 10 .138 .134 .130 

l2 .112 .109 .105 
H .086 .;)Sl ·""' ------------------

Breal;ing weight.-The breaking weight of the wire ehnll not be l€5'!1 tha.n two and 
eight-tenths (2.8} ti.mea the weight of the wire in pounds per milt!. 

Tot.tiim.-The wire shall be capable of withstanding at leaat fifteen (15) twists in a. 
length of six (6) inches. 

CQU.r.-The length ol wire in each coil shall be as follows: 
No. 6 B. W. G., approximately! mile. 
No. 8 B. W. G., approximately j mile. 
No.9 B. W. G., approximately; mile. 
No. 10 B. W. G,, spprox.ima.tely t nrile. 
No. 12 B. W. G., approximately i mile. 
No. 14 B. W. G., approximately t mile. 
In the case of wire leas than 0.134 inch in di.s.meter one-third (!) of the coils IIlllY 

have two (2) pieces to a coil joined by the ordin.a..ry twiat joint carefully soldered aitd 
galva.nized. 

In the case of wire 0.134 inch in diameter and larger, each coil may consist of two 
pieces only joined by the ordinary twist joint ;;-4U'efully soldered and galvanized. 

Binding.-Each coil of wire shall be securely bound in at leMt four places with gal­
vanized-iron wire. A tag shall be attached to each coil gi-ving the Bize fi.Jld grade of 
wire in the coiL 

.AM:ERICA.N TELEPHONE & 'I'ELBGRllli CO, SPECIFICATIONS :FOR TOLL LINE 
GLASS INSULATORS. 

Thi:> llls.teri.al desired under these specifications conai.aU! of glasa insulators of the style 
and dhnensiona hereinatte.r described. 

Gmt.ntl.-The apeciftcations and dmw:i:ngs a.~ intended to indude all instructions 
necessary to guide the manufacturer in his W'Ork. They are int-ended to cooperate 
with and supplement each other oo that any deta.ile indicated in one and not in the 
other shall 00 executed a.s if indicated in. both. 

WorkmamMp.-All workmanship s.hnll be of the best commercial grade. 
Materia.l.-The insul.atora shall be made of transparent colorless or green glase. 
Di~.-The insulators shall be of the style and dimensions shown in the 

drawing hereinafter referred to. 
Where ma:rimunt s.nd minimum dimensions a.re .shown the dimensions shall be 

within the limita specified. Where limits are not shown the d:imenaioll8 shs.l1 he 
•pprox.imate. 

Tbediameteroithethrea.d shall bemeh that .at least two revolutions of the insulator 
will be required to tighten it on the standard inaula.tor ga.~ hereina.fter referred to, 
and when .in this :p<Wtion the end of the irurulater gauge 8haJl not 00 more than Ollf)­

eighth (i) of an inch from the crown of the lneula.tor. 
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The thread of all insulat.ors ehall be smooth and of uniform pitch. The t.hread shall 
be well centered in th~ insulator oo that when in place on the standard insulator 
gauge, the gauge will not tou.ch the inner surface of the p~tticoat. . 

Inaulato:s confurming in all other respect$ to the r<tqwrement.e of these apecitica­
tious1 but having on the lowtrr edge <:If their petticoats a series of projecting polnta, may 
be accepted under these specifieatione. 

Ffnith.-The in.sulatom ehall have a frniah ensuring as far u iB consistent with the 
beat <:tlmmercial practice smooth even andat€8 and :froodom from fiawa, craek.e, blow~ 
holes. sharp edges, and other dC'fects. 

.AltER!(' A~ TEL.EPBONE & TELlUJ:RAPH CO. SPECIFICATIONS FOR POLE LINE 
BRACKETS. 

The arti.clea deaired under these specifications consist ()f oak pole bn\ckets, fitted 
to take the standard insulator of the American Telephone & Telegraph CQ. 

Wori:man..ihip.-All work:tnanah.i.p shall be of the best cOIIllll&cial grade. 
Material:---=-AU bme'ketashall be madeofaoundoak1 £Me fromlrnots, checks or cmcb,. 

sapwood', wormholes, and brash wood. The grain of wood on all braeketa shall be 
practically parallel to the axiB of the th.readed portiOll of the bracket. The grain 
from the right-angled (.'Qtner at the end of the bra.eket shall not run below the bottom 
threa.d on the opposite face ·of the b:ro.cket. 

All brackets shall be thoroughly aeaaoned beft>ro being ofierOO for inspection. 
Di~.-The seasoned bra.ckete shall be of the .styl<t and dimenaiona shown 

in drawing No. 57-E-35. Where rn.a..x.dnum and minimum dimensions a.re shown, 
the dimensions Wll be within the limits specified. Where limim are not shown the 
dimensions ehall be approximate. F'i.gurea upon the dm~""lS shall be followed in 
pref-w.u.tee to scale merururements. 

Thread.-The threaded portion of the bracket shall be as nearly as poosible of a 
ci:reular crooiJ aeetion. The thread shall be smooth and of a uniform pitch, and such 
that a atandan:l inaulator ean be :ren,dily screwed Qnto the bracket until the end()[ 
the bracket touches the top of the ineula:tor. When in this poeition there should be 
no pe~ptible rooking or :play of the intrula.tor on the bracket. 

Nail holes.-·Ea.eh bracket shall have two (2) nail holes aa shown in drawing No. 
57-E-35. The nail holes shall be well et'!ntered and shall be perpendicukr to tlvi.1; 
face of the bracket which makes an angle with the axis of the thread. 

SOLDERING. 

Appro11td Solders.-Approved solders tt.re thotre made in accordance with the 
Am~.:rican Telaplwne & Te1egmph Co.'a apecificatiow: 

No. 3438 for 40-60 solder. 
No. 3439 for 45-55 solder. 
No. 3440 for .50-50 eelder. 
No-. 3441 for REein Flux Wire Solder. 

No others are to be UBOd. 
Appro11td Flu:u.r.-Approved ilu:xcs are: 

Plumber's candles for plumbing o..nd cab1e work. 
Reain. 
The stick forms of tlux made by t4e Western Electric Co. and that lmown 

as "Allene" stick. 
No other form of flux, such as paste or liquid soldering salta, are to be -used. 

,f.S-55 Solder .-45-56 solder is to be wred lor joining split sleeves in eable worlc? 
and for large surfaces of metal wh:ieh are to be soldered. It is aleo to be ~in 

TEl.EP:aoNE COYSTRUCTlO::-T AND MAINTENANCE. 83 
~~joints in _old galvtmized iron wire, and similar wor-k ln · · · 
tzed Wlr-e, c~ean.. t~e ends which are to be soldered with ~ery ~:~ .:~ plv:: 
Western Uru.on Jmnt; then solder by means of a ladle uaing only 
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the approvOO stick iorm.s. Do not use more than ia ne~ry to ca'U.tl ~h ux 
1
';'0 

flow and apply by rubbing before the first pourin(l: of the solder over eth .. e.S? t er ~~ 
~ecessary, applya.gainafterthejointhas been heated. A large wel-l~ :~~ring 
uon rne.y be used, if preferred, instead of pouring the aolder over the joint I ch 
a case the iron must be pressed against the jbint sou to warm it just enou. b ~ su It 
the Bux when itia held against :it. After'* coating of thi8 has adher-• g plmteh 
'-t ld ' , ' h eu, ap y - e 
uv so en:ng 1ron agron and, at t ~ aa:ne time, the 45-55 wire 8QJder onto tho joint 
~ & not put the so~d.er on the soldermg tro~). ~en the solder melt9, having derived 
11:8 heat 1rom the JOtnt and not froln the uon, lt will fiaw readily. A slight ta 
the wire will help it to run into the joint welL This solder is furnished in th r on 
oil-inch wire in 10-pound coila, or in bam of 11 pounds weight, a.nd ord.erae ~= 
state in which form it. is required. 

Ruin Flux Wiu 8older.-Reain fiux wire solder is to be used in soldering all wire 
connections otheJ' than galvania1:d iron wire, but it may also be used for this PUl"J))ee 
in newworkt when it is done with aoolderingiron. Itia also to be used for all work 
where copper o..nd brass are to be soldered. To me this solder for small work such 
as wire joints and terminals, apply a well-tinned soldering iron of sufficient eize :for 
the work to the joint. 1n soldering terminals, fust clean all old solder a.nd bib:! of 
wire oif by me&lli'J of a. hot :iron and then give only nne turn of the wire which is to he 
soldered ato\md the terminals. In larger work, Me any convenient mea.nt:~·to heat 
the joint, remembering to get a coo.t oi resin on before 81lfficlent heat ha& boon 
applied to the metal to oxidize it and that the metal to he solderOO. must be hot 
enough tQ melt the-solder and burn off the aupel'fiuoua: resin, This 80Jder is furnitlhed 
in 5 and 10 pound coila, and orders tnll!!t state which size ia required. 
Tinni~ .B~lderiTifl_Iron..-File the iron to the required &hape and brightnes:~ and 

heat until1t JS only ]USt hot enough to melt the l'f:)Sin ()[ resin..-eored solder but not hot 
enough to change the color of the bright copper by oxidization. Whe~ in this con~ 
ditiozt. coat the part to he tinned with l"Cein and a.pply heat until the solder melts 
readily, wben it will be found to Bow freely on the iron. Do not let the flame come 
in cont..a\,1. with the tinned part of the iron. 
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