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PREFACE 
NOTE TO LIGHT KEEPERS 

The purpose of this pamphlet is to instruct you in 
the work you are to do on a triangulation party. 
Before you start out alone, be sure you have been 
ttught the uses and adjustments of the compass, 
heliotrope, and signal lamp. You should learn how 
to use your compass in orienting tlie map or sketch 
giyen you, so that the north lines on the map point. 
to the true north. The compass needle in most regions 
does not point trne north, and besides, is easily de- 
flected by near-by iron and steel objects. 

Ton should knov how to set up and point your 
heliotrope and arrange the mirrors, how to point youi- 
lamp, how to adjust it for focus and pointing, and how 
to connect the cells for the various kinds of bulbs.. 
Yon should know how to take psoper care of instru- 
ments to prwent tlie nietnl parts from rusting, and. 
the leather cases from shrinking. 

READ TIXE INBTRUCTJONS IN THIS BOOK OAREFULLY AND 
OFTDN 

So much depends upon the efficiency and faithful- 
ness of the light keeper, that an indifferent one musk 
be disposed of as soon as convenient. 

I l l  



Iv PREFACE 

NOTE TO CHIEF OF PARTY 

Before a light keeper is placed alone on tt station, 
you should be sure he understands thoroughly the use 
and adjustment of each instrument required in his 
work. Detailed instructions should also be givgn him 
in the care of instruments. If a light keeper 
thoroughly understands his apparatus, he will be able 
to make many of the emergency repairs which become 
necessary from time to time. 
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lNSTRUCTIONS TO LIGHT KEEPERS ON FIRST- 
ORDER TRIANGULATION 

INSTRUMENTS 
COMPASS 

The me of the compass will have been explained 
to you before you are left alone. To test a compass, 
compare it with another, known to be correct, or test 
it on some line the azimuth of which is known. The 
compass shonlcl never be carried with the needle rest- 
ing on the pivot; there is a device on each compass 
for lifting the needle off its pivot. 

HELIOTROPE 

The use of the heliotrope will be explained to you 
before you start out alone. An undamaged heliotrope 
needs no adjustinedt. * TI1 only p6ssible lack of ad- 
justmcnt occiirs when one of the sighting devices is 
bent, in rvliic.1~ case ,the line joining the sighting points 
wiil not be p d l e l  to the line passing through the 
centers of tlic alignment rings. When such a defect, 
exists, the affected purt should be removed from tho 
box, strqightened. and replaced. 

An emergency heliotrope may Le made by driving 
two nails vertically about 2 feet apart into the upper 

1 



2 U. S. COAST AND GEODETIC SURVEY 

surface of a board, the heads of the nails to be used 
5 s  sighting points for  the beam of reflected sunlight. 
Place the board on the stand, align the heads of the 
nails with the station of the observing party, and make 
sure that the line between the two nails is plumbed over 
the mark at yoiw station. Next fit a narrow strip of 
paper over the forward mil, the top of the strip being 
back of the nailheiid and projecting slightly above it. 
With a common mirror a few inches in diameter held 
in line with the nailheads, throw the reflected rays of 
the sun along the line of the nailheads, so that the 
shadow of the head of the rear nail falls on and exactly 
covers the liead of the forward nail. The paper strip 
mentioned above enables one to easily make this exact 
contact. An emergency heliotrope such as this ha:, 
been satisfactorily observed upon from a station 40 
miles away. The center,of the mirror should be held 
approximately in line vj th  the nailheads to avoid 
eccentricity of the light shown the observer. 

ELECTRIC SIGNAL LAMP 

The electric signal lamp, supplied with current by 
dry cells. has almost entirely superseded the acetylene 
lamp which v a s  in  use- for many years. The 1924 
model of electric signal lamp was designed for regions 
where the lines of sight are not greatly in excess of 
25 miles nncl where it is important to have the outfit 
as light as  possible. This l a ~ n p  has a reflector 51/2 
inches in diameter. :i l a r p r  lamp, with a reflector 7 



INSTRUCTIONS TO LIGHT KEEPERS 3 

inches in diameter, is used where a inore brilliant 
light is needed on account of long lines or hazy 
atmosphere. A third lamp, with a reflector 12 inches 
in diameter, is furnished only by special request. It 
is used with bulbs of high voltage and high amperage, 
requiring a considerable number of cells at one time 
to give the necessary voltage, and because of the high 
amperage the cells are exhausted rapidly. A fourth 
t y p e  of lamp is for use witli iin ordinary flash light 
on short lines. 

OUTFIT FOR LAMP 

Your outfit for the electric lamp should include the 

Ammeter, pocket, for testing cells. 
Box for battery, waterproofed by 8 cover of tin or Painted 

Cells, dry, 10 to 24. 
Connectors for battery suficient to connect up 10 to 24 cells. 
Lamp, electric, in case, with screw driver, gimlet, extra bulbs 

of the sizes needed, and screw for holding lamp to tripod head. 
Tarpaulin, about 10-ounce, waterproofed by painting with 

boiled linseed oil. 
Wire. coppw. No. 18. with waterproof insulation to lead from 

cells to lamp, 20 feet. 

following : 

canvas. 

DESCRIPTION OF LAMP 

RefZector.-The reflector is of frail construction and 
inust be handled carefully to prevent rusting and 
scratching. Do not touch the reflector with the hands 

10203--90---9 



4 U. S. COAST AND GEDDETIC SURVEY 

or polish it with anything except dry, soft chamois 
skin or clean tissue paper. 

Xigh.ti.rzg tube.-This tube has a sighting pin in the 
forward end and a notch in  the iniddle of the semi- 
circular wall which half closes the eye end. The acl- 
justment is inade by shifting the bracket which sup- 
ports the rear end of tthe tube until the tube is in the 
proper position. Then the bracket is clamped by means 
of the knurled nut, which is about lyz inches below- 
the rear end of the sighting tube. The tube may be 
moved backward or forward in the outer tube.without 
disturbing the adjustment if the brackets are firmly 
secured to the lamp box. 

Focusing desice.-This is the small knurled thumb- 
screw about one-half inch to the right of the rear of 
the bulb socket. This screw passes through a collar 
which encircles and is made fast to the bulb socket. 
By turning this screw in and out the position of the 
bulb is changed in relateion to the reflector. 

BATTERY CONNECTIONS 

With t,he lamp properly pointed and focused, the 
brilliancy of the light will depend upon three fac-, 
t o r e t h e  number of dry cells used, the method of con- 
necting them, and the kind of bulb used. Different 
methods of connecting the cells will be described first. 

Figure 1 shows several cells connected in series, tha 
carbon pole of one being connected to .the zinc pole 
of the next. When thus connected, each added cell 
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increases the voltage, and  tlie total Yoltage is the sum 
of the voltages for tlie individual cells. There is a 
proper voltage for each lamp bulb. If the voltage is 
too low, g, dim light will be obtained; while if it is 
too high, the bulb 
will be burned 
out. 

Cell6 connected There will be 24 amperes and 9 volts in the 
the la,mp circuit, assuming an average of 24 am- 

carbon poles be. 
ing joined together and all thezinc poles. This method 
increases the amperage of the circuit, but the voltage is 
the same as that of a single cell. T u  other words, it is 
equal to a battery with the same voltage its the individ- 
ual cell bnt as many times larger as there are cells in 
the connection, thereby incrensmg the number of hours 

the lamp can be 
kept lighted. 

Figures 3, 4, 
alld 5 sho\\l dif- 
ferent series-psr- 
allel connections 

and should be studied carefully by the light, keeper. 
These diagrains are esplained in detail in connection 
with the description of the different bulbs. 

Figure shows FIQ, 3.-Cells coniiected in series 

all 
peres and 1% volts for each cell. 

PIQ. 2.-Cell~ connected in parallel 
There will be 144 amperes and 1% volts 

I n  the lamp elrcuit, assuming an average of  
24 amperes and 1% volts for each cell. 

BULBS 

Lozo-ul?npet~~ge bulbs.-The most commonly used 
bulb is the one rated at 0.6 ampere ttnd 3.7 volts. This 
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bulb is supplied by the office on requisition and re- 
quires the amperage and voltage marked on the base. 

When it is used in  the size of sig- 
nal lamp which has a reflector 5412 ~ 0 7 1  
inches in diameter, it gives very 
satisfactory results on lines which 
do not greatly exceed 26 miles in 
length. In case it is found neces- 
sary to have a brighter light on 
account of hazy atmosphere, and 
a larger lamp is not available, it 

le1 connection 8 is possible to use a 1.25-ampere bulb 
Cells in units of (described on the follon-ing page) 
There be ,2 in this lamp. Do not use the 

amperes and 3 volts larger bulb in the sinall lamp if 
the larger in the lamp circuit, 

assuming nn averep 
of 24 amperes and 1% 1 a 111 p is 

available, volts for each cell. 

however. For o r cl i n a r y 
cases with the small lamp 
and the O.6-ampere bulb, B 
units of new cells, each unit 
containing three cells con- 
nected in parallel (see fig. 3 ) ,  
\vi11 he sufficient to give a FIG. 4.-seriee-para11el connec- 

very satisfactory light for G ~ ~ l ~ f & ~ l ' s  unit' Or 

hours day for 10 d a w  There will be 72 amperes and 

3 cells each 
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volts, or three units of new cells, since the voltage of 
an ordinary cell, or of a unit of two or inore cells con- 
nected invarallel, is rtbout 1% volts. Four units of 
new cells would have a voltage of 6, nThich would burn 
out a bulb of this type. 

After a period of use of the two units of three cells 
each the voltage will deci*euse nnd the cells will no 
longer furnish a satisfac- 
tory light. A third unit T 

shoiild then be ~ c l d e d  and 
later a fourth unit. When 
the four units 110 longer 
give a sufficiently brilliant 
light, because of the drop 
in voltage, the two oldest 

and replaced with one nem of 12 cells in 4 units of 3 c e ~ s  
ench unit. Be careful not to 
There ~ ~ 1 1  be 72 amperes anrl 

connect up enough cells to 6 volts in the lamp circuit, 88- 

give \ro]tage inore t11~11 fiuming an average of 24 amperes 
rind 1% volts for each cell. 

the bulb will stand. After a 
period of rest t.he cells removed niay be used again with 
others of about the saine degree of exhaustion. Very 

‘Inits be l’emorecl FIG, 6.-Series-parallel connection 

weak cells should not be iisecl in combination witla 
new ones. 

€Z~gh-aonpe?qqe bulbs.-The office also furnishes a, 
bulb rated at 1.25 amperes and 3.7 volts. This bulb 
is the same size IIS the 0.CT-nmpcre bulb and can be used 
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with the sanie batterx. It is to be used in cases where 
the 0.6-ampere bulb will not give a sufiiciently power- 
ful light and is to be fitted ordinarily in' the signal 
lamp having the 7-inch reflector. This bulb will con- 
sume twice as much current as the 0.6-ampere bulb and 
should not be used where the other will be satisfactory. 
When cells are new, the 1.25-ampere bulb should be 
supplied by two units connected in series, each unit 
consisting of three or four cells connected in parallel, 
extra units being added as the cells weaken. (See figs. 
3, 4, and 5 . )  Three units of new cells in series will 
give as great n voltage as the bulb will stand, since it 
is rated the sanie in this respect as the 0.6-ampere bulb. 

Uigh-voltage bulbs.-l'he office will also furnish 
for special cascs a bulb rated at 2 amperes and from 6 
to 8 volts. This bulb consumes such a large amount of 
current that it is not economical or practical except in 
cases whew the observer desires not only a brilliant 
light, but also :I light with its beam slightly diffused. 
The use of this bulb necessitates a very large lamp 
which the office is able to fnrnish. The occasions when 
this lamp is needed are rare, and such lamps are sent 
to the field only on special request. With fresh cells, 5 
units of 4 cells each should burn well for about 20 
hours, after which the brilliancy will be reduced notice- 
ably. Other units should be added one at a time as 
needed: When 8 units do not give the required amount 
of light, the older cells should be ihrown away and 
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fresh units used. A comparison of the number of cells 
used with this bulb and with the smaller bulbs readily 
shows why this lamp is not practicable. It gives a 
beam only slightly more intense, and it requires a large 
number of cells, which is undesirable when weight is a 
serious consideration. 

Comwrcial bulbs.--In case of emergency, when the 
bulbs furnished by the office are not available, the 
commercial automobile headlight bulbs, rated at  the 
required voltage, may be used. They use much more 
current than the bulbs of the same voltage furnished by 
the office, and the light is not as satisfactory because 
the rays of light can not be so well concentrated into 
a beam due to the larger space occupied by the fila- 
ment. Automobile bulbs are usually rated at  6 volts 
and inay be of the single or double contact type. 
The signal-lamp socket is adapted for the double-con- 
tact bulb only. Bulbs other than the double contact, 
single filament type will require alterations in the 
lamp socket, which are difficult to make with 
satisfaction, 

t TESTING CELLS 

Use the pocket ammeter to test the cells as they are 
used. CeilIS which show no energy should be thrown 
away; if they are placed in circuit with other cells 
they cause more resistance to the current and tend to 
reduce all to an average voltage. I n  general, cells of 
less than 4 or 5 amperes will be of no use. 
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ADJUSTMENTS OF THE LAMP 

Aside from the electric connections there are only 
two adjustments needed for any of the three lamps- 
one for focus and the other for the sighting d e v i c e  
and these should be tested frequently. 

Foeus.-The lamp must be properly focused a t  all 
times. No nmtter how brilliant the filament of the 
bulb may be, the light mill not be effective at any 
distance unless well focused. Each bulb will be found 
to require a slightly different focus, and this is true 
even of the saine kind of bulbs of apparently the saine 
size, because the position of the filament relative 60 

the base of the bulb is rarely esactly the same. There- 
fore, focus the lniiip every time the bulb is changed 
and refocus after the lamp has been shipped or car- 
ried by truck or pack horse, since the ribration while 
traveling will quite likely cause a change. 

The focusing adjustment is made by the screw 
socket into which the bulb fits (see p. 4). Focusing 
can be done either at  night or during the day. At 
night focusing is best done by directing the light upon 
a flat surface, such as R tarpaulin or tent, about 100 feet 
away and turning the adjusting screw until the bright- 
est part of the disk is but little larger than the lens of 
the lamp. As much light as possible should be 
concentrated within this area. 

During the day the focusing can be done by standing 
about 100 feet away from the lamp with your eyes in 
the path of the beam and have some one turn the focus- 
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ing sprew back and forth unbil that point is found 
where (1) the light is brightest, (2) there are no black 
rings or spots on the reflector, and (8) the '' ppread " 
of the bright beam is little more than 1 foot, as found 
by moving the eye up and down and sidewise in the 
path of this beam. The lamp i s  then in focus. 

Sighting tzlbs.-The center of the most brilliant 
part of ,the beam must be pointed to the observer, and 
if the sighting tube is used in pointing, its sights must 
be.paralle1 to the light beam. To adjust the.sights 
by night, point the light to some object near enaugh 
to outline the central bright beam and after loosening 
the knurled nut which holds the sight tube bracket, 
adjust the tube so that the sights point to a spot as 
far above %he center of the benm as the )sighting tub0 
is above the center of the Feflector. Then tighten the 
nut to hold the bracket and tube in that position. 

This adjustment may also be made during the day. 
Place a stake in the ground in the path of the light 
and make a mark on the stake at  the point where 
the reflector shows the brightest. This point may be 
found by moving the eye up and down and sidewise 
just back of the stake in the same manner aa when 
focusing the light. Then adjust the sight tube so 
that the sights point to a spot the same distance above 
the mark on the stake as the tube is above the center of 
the reflector. Adjustments of the focus and the sight 
tube may be advantageously made at  the same time. 

lU203-26--3 
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When the adjustments are properly made, the briglit 
beam of the light will go to the observer if the sights 
are pointed at him. At night the pointing may be 
made upon the observer's light by sighting accurately 
along the beam-from directly above i t  for line and 
from the side for elevation. 

A light not properly pointed may either be invisible 
to the observer or may cause errors in the observing 
which can not be detected until all the stations of the 
triangle have been occupied, and thus may cause great 
delay and expense. 

USE OF AUTOMATIC LIGHT 

When automatic lights are used, a great deal de- 
pends upon the care and pains that are taken d e n  
the lights are posted. Through any one of a number 
of mistakes or oversights the lamp may fail to light, 
and thus hold the party back until someone can be 
sent to the station to remedy the trouble. Therefore, 
when posting a light be careful that everything is as 
it should be before you leave, checking yourself by 
wing the list of operations pasted on the inside of 
the back door of the lamp. 

'' Wwning " no8ice (Form 62O),-The first thing 
to do is to tack the warning notice on tha stand in 'a 
conspicuous place. By doing this first you will not 
need to pound on the stand and disturb any adjust- 
ment later. 
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YI~??ibl:??y of station..-Plumb over the station care- 
fully, This should be done every t,ime the station is 
visited because the stand may have been disturbed. 

Testing of f o c w  and Yighting f,ube.-Be sure the 
bulb is in focus and that the pointing device is cor- 
rectly adjusted. These two adjustments are very im- 
portant and should be made at  each station because 
they are easily disturbed by vibration during the trav- 
eling from station to station. 

If 
any are found weak, replace with new ones, saving 

, the old cells, if not too weak, for use where a lump 
is watched by a light keeper. 

Wire cowwctions.-Test all wire connections to cells 
and lamp. See that all nuts on binding .posts are 
tight, that the poles of the cells do not touch any metal 
part of the box, and that connecting wires do not 
cross or come in contact with any metal. Rubber- 
insulated wire should be used where exposed to the 
weather. A short circuit may occur unless caution ir; 
used. 

f l ignalhg switcli.-Provide a good contact between 
the signaling key and the button beneath. If the key is 
loose, it  can be tightened by removing $he two screws 
which hold th’e switch to the bottom of the bos and 
tightening the nut on the bottom of the switch. 

BwZb.-Test the bulb by moving the contact arms 
of the time switch. If the bulb does not light, i t  mny 

I3mttery.-l’est each cell with your ammeter. 
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be due either to defective wiring or to a defec,tive 
bulb. I n  case it is necessary to replace the bulb, 
be sure to focus the new one. 

Contact surface on clock.-Clean the contact surface 
on the time switch of any corrosion or moisture, so 
there will be a good contact throughout the period 
when the light will be used. 

Winding of cZocl%.-Be sure the clock is wound. 
This may seem a trivial matter, but it is one that 
can be easily overlooked. The clock should be wound 
up fully each time the station is visited, because it may 
not be convenient to visit the lamp again for several< 
days. Be careful not to wind the clock spring too 
tightly. 

h'etting the clock-Set the arms of the time switch 
at the proper time and period and make certain 'you 
have not mistaken night for day on the dial. Be 
sure the tliumbscrews C and D (fig. S )  are very tight 
to prevent any slipping. Figure 6 is a diagram of the 
time switch and arrangement of cells with directions 
for setting the time switch. 

1looy of lanz,p.-Make sure you have opened the 
front door of the lamp. It should be fastened open 
to keep the wind from closing it. 

Covering of battery boa-Before pointing the laiiip 
cover the battery box with your battery tarpaulin and 
weight this down with rocks to keep it from blowing 
Off. 

Pointing of the .?amp.-This should be left as the 
last operation, because i t  is one of the most important 
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USE Tnis CONNECTION 
Wb€N BATTERY h OLD 

1Wx 6.--13atterg conncctious for  lain13 with automatic clock control 
The above dingram shows the automatic time switch with the arrange- 

ments of cells when the cells nre both d old. Thcrc are 72 
amperes and 3 volts in  the lamp circuit wn in the connection 
for new cells, assuming an nvernge of 248amperes and 1% volb for 
each cell; bu t  30 amperes and 3 volts in the  lamp circuit as shown in 
the  connection when thc  cells a r e  old, assuming an average of 16 
nmpcrcs and 1 volt for each cell. A is the arm used to indlcate the 
time at which the light is  to come on. B indkAteS the time tha t  the 
light is to  go off. 0 is n thumb screw which when tightened holds the 
two arms  d and B in their relative position. D I s  a thumb screw 
which when tightened holds the arms A and B fixed in relation to the 
dial and the  diol fixed in relntlon to the pointer I' and the clock 
mechanism. T is the 
distance between A and B, or the time t h a t  the light is t o  burn. To 
Set the time switch, loosen U and D, hold bevelled edge of arm A on 
any hour line and move arm B until the  arc  T indicates the desired 
number o t  hours tho light is to burn. Tighten U. Turn the entire 
Switch uutil the  pointer P indicates the  tlme of day a t  which the 
setting is made, then hold the  dial flrmly and turn the arm A until 
its bevelled edge is on the hour at which the lamp is to light. Tighteh 
D. 

P is a pointer which indicates the time of day. 

Check settfngs carefully and mnke sure tha t  0 and D are ti&t. 
16 
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To Time Switch parts of. posting 
a lamp, and any 
other operation if 
done afterwards 
might disturb the 
pointing. Test to 
see that the lamp 

in 2 units of 6 cells each for use with time is Well secured to 
switch and 2 lamps connected in parallel, the stand to pre- 
when cella are new vent its being dis- 
There will be 120 amperes and 8 volts In the 

lamp circuit, assuming an average of 24 am- turbed or shaken 
by the wind. For peres and 1% volts for each cell. 

the pointing, make use of information given you by 
the light keeper who preceded you at  the station, your 
progress sketch, and 

FIQ. ?.-Scries-par~~llel connection of 10 cells 

your ' compass. Re- 
inember that on your 
judgment depends to 
a largeextent whether 
or not the light will 
be correctly pointed 
toward the observer. 

I f  you should be 
sent to a station to 
investigate an auto- 
matic lamp w h i c h 
has failed to operate, 
look into every ad- 
justment carefully, so 
that you can enter 

To Time Switch 

FIG. 8.-Series-parallel connection of 10 
cells in 6 units of 2 cells each for use 
with time switch and 2 lamps connected 
in parallel, when cells are old 

There will be 30 amperes and 6 volts in 
the lamp circuit, assuming an  average of 
15 amperes nnd 1 volt for each cell. 
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the cause of the failure in the light keeper’s “ Record 
Book.” (See p. 37.) 

The following is a list of reminders for posting an 
automatic light, a copy of which should be found 
pasted on the inside of the rear door of the lamp. 
Before leaving an automatic lamp be sure that you 
have- 

1. Posted warning notice on stand. 
2. Plumbed lamp over the station. 
3. Tested focus. 
4. Tested sigliting tube. 
5. Tested cells with ammeter. 

8 0. Tested all wire connections. 
7. Made contact on signaling switch. 
8. Tested bulb. 
9. Cleaned contact surface on clock. 

10. Wound clock. 
11. Set clock properly ani1 checked the setting of the 

pointer for night or day. 
12. Opened and secured front door of lamp. 
13. Covered battery box. 
14. Secured lamp to stand and pointed lkht.  

MISCELLANEOUS NOTES 

‘1. Do not have long wires leading from the battery 
to the lamp, as they only increase the resistance of the 
outer circuit. However, you should have enough slack 
in tho mires so that rain water can not run down the 
wires into the battery box. 

2. Be careful that metal parts of cells and connectors 
do not touch where they should not and that connec- 
tors are tightly fastened to cells. 
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I 43. See thytt cells do not get wet; have dats nailed 
on the bottom of the battery box, if; of wobd, so' that 
moisture will not be absorbed from the ground or 
platform. 
4. Inform the chief of party of your need for cells 

or bulbs far enough ahead so there will not be undue 
expense or delay in supplying you. 

5. To avoid any confusion in the connections, place 
all poles of the cells in a certain direction, as shown 
in Figure 3. I f  cells with the Fahnstock clips are 
used, straight wires can be employed as connectors 
and the wiring simplified, but they are often not avail- 
able except when cells are ordered in large lots. 

6. When shipping the lamp and cells be siire they 
are well packed and that the cells can not become short- 
circuited by loose pieces of metal or wires left in the 
box. All the nuts €or the binding posts on the cells 
should be screwed down tight, so they will not be lost. 
ICeep on hand a few extra nuts from dead cells. 

INSTRUCTIONS FOR SIGNALING 
INTERNATIONAL MORSE ALPHABET 

A .- 
B -... 
c -.-. 
D -.. 
E. 
I? ..-. 
G --. 
H ,... ' J 

I .. 

J .--- 
I( -.- 
L .-.. 
AI -- 
N - .  
0 --- 
I? .--. 
Q - -  - 
R .-. 

R ... 
'1' - 
u ..- 
v ...- 
s --..- 
Y -.-- 
z--. .  

w .--, 
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The notations, for riumer 11 be dispensed with 
and the numbers spelled qut required. 

The International Morse (“ Continental Code ”) 
differs from the American Morse in that, there am po 
66 .spaces :’ between ‘the elements of the letter@. 

The alphabet must be committed to memory; also, 
which is more difficult, a62 let ters must be pick ly  
reoognised by seeing their ebntents. Perfection in 
this matter will eliminate much trouble and rnisun- 
derstandi~g,-as most of the difficulty is due to the 
raceiver’s inability to recognize a letter before the 
next one has begun, 

INSTRUCTIONS FOR USE OF CODE 

Dots slaould be sluxt, just long enough to permit 
the light to be seen clearly. For dashes, the light 
should shine for about two seconds. 

The duration of darlrness between elements of let. 
tere should be one .sscond; between letterj, threo 
seconds; and between words, five seconds. It is not 
important that these periods should be absolutely ob- 

u t  tbe relative proportion should be main- 
reover, a unifQrm spwd should be ma 

Cained in sending, for varying speeds make the receiv- 
ing of the massage difficult. Use the signaling,kep 
on the lamp for all signaling. For signaling with 
the heliotrope a large piece Qf cardboard shquld ,be 
used, so that all direct sunlight is cut off from the 
mirrors between the flashes. 

18203-28-4 
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Calling.-A light keeper calls the observer or an- 
other light keeper by 'sending his own letter until 
answered. 

The observer calls a light keeper by showing R 
steady light to him, whether by helio or lamp. A 
steady light from the observer's station means either 
that he wishes to send you a message or that your 
light is not satisfactory. First, inspect your light wnd 
then answer the call. I f  the reason for the call from 
the observer was your unsatisfactory light, the ob- 
server will 0. K. by dots as soon as the trouble is 
corrected and will then turn off his light. 

Answering calls.-A light keeper answers a call by 
a series of one-second dots (not more than seven), 
then, m'tfi light steady on the oherver, watches 
for the signal by aid of the binoculars if necessary. 
When two light keepers are so located that each is 
able to see the light intended for the other, both must 
answer when called, then the letter of the light desired 
will be sent by the observer. 

Receiving memayes.-If the lights are faint, befme 
beginning a message give the one to whom it is sent 
time to steady his binoculars on the light before cut- 
ting it off. Darken the light for about five seconds 
before beginning message. The practice of sending 
dots before darkening the light is often confusing on 
long lines and should not be practiced unless author- 
Ized by the chief of party. Do not cut off your light 
while receiving a messnge. 
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I All messages are to be repeated by the receiver, ex- 
cept in case of messages from light keeper to observer. 
Here the observer will answer by sending one-second 
clots. NEVER REPEAT A WORD UNLESS YOU ARE SURE IT IS 
RIGHT. .This is a decided annoyance to the observer and 
B source of a great deal of trouble. I f  an observer 
knows that a message has not been received, he is at 
least in a position to know what to do to  remedy inat- 
ters. SHOULD YOU FAIL TO GET THE FINST PART OF A 
MESSAGE, BREAK IN WITH (( R.” DON’T WAIT UNTIL MEB- 
SAGE HAS BifmN coMi’wm). If first part of message has 
been ieceiwd, repeat words you tire sure of, then send 

” for remainder. Where lights are faint or light 
lwpers not skilled in receiving ni~ssages, it is better 
for the observer to send one word at a time and have 
that repeated before proceeding to the next. 

CODE SIGNALS 

A series of one-half-second dots means ‘( I have made 

A series of one-second dots means $‘I understand 

“ R ”  means “Repeat your message, I could not 

Light keepers in relaying messages refer to observer 

a mistake and will begin again.” 

your message.” 

get it.” 

as (( 0.” 
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SIGNALS TO BE USED BY TRE OBSEBVER TO A LIGHT KEEPER 

UA.? means “Wait  a while.’’ 
I f  the observer sends an ‘‘A? after 10 p. m. it ineans 

that the light keeper is to stay on the to\ver and keep 
a sharp lookout until called again. Should this be 
followed by an “ L ” it signifies that the light beeper 
is to leave the lamp burning, pointed to the observer, 
and leave the station for the night. I f  you have an 
automatic lamp, the observer will instruct you at  what 
time fo set the switch to cut off the light. At  the next 
observing period the light keeper should show to the 
same station unless he has received further orders but 
should be alert for a message from either that station 
or froin the next station on the observer’s schedule. 

“AA” means “ Stand by ; will need you soon.” (10 
or 20 minutes.) 

‘‘ N ” means “ Your lighl is too faint.” 
“ ill ” means “ Moderate your light ; it is too bright.” 
“2  ” is ,the distinctive letter of the observer. It is 

0. R’d by repeating baclrwavd to the observer, thus: . . - -. A light keeper receiving EL “ 2 ” lmows that 
the observer is at that place and shows to  hm. 
“ Get,” followed by the name of the station, means 

‘‘ Get person at  that station by calling him and- tell 
him where observer is,” 
“ST ” means “ Stop showing IiFht to this stafkon and. 

show light to the station to which the observer goes, 
which is indicated on the written schedule of the 
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observer’s ‘moyes, a aopy of which has been furnish1 

(‘ ST,” fdlowed by the naMe of station, nieans ‘‘ Stop 
showing light to this station; at the next obsorving 
period .shorn to. the stattibn naaod ahd look for the 
observer’s ~ ~ 1 1 . ”  

.rbST,’J fallmad by name of station and a nujiiber, 
m a h s  ‘‘ Stop showing light ‘to this station ; show .to the 
station indicated and look fop the observer’s call on 
the date corresponding to the number.” 

‘ f b ‘  THD ” means “ Have finished with you for this 
observiq period; show to this station again u t  the 
nest observing period.” 
(‘ Dd; ” nieams “ Done whei.o you are; go to your 

nest station as indicated on your schedule of moves 
and there shaw light to the observer s& his old or n w  
station according to the schedule.’’ 
“ DG,” followed by name of station and a numbci-, 

means “ Done where you are ; go to station named, show 
light, and look for the observer’s cell. The number 
indicates the date on which the observer will need your 
light at his new station.’) #If no number is given you, 
you are to sbow lighf h*om your new station a t  the 
first observing period after you reach the new station. 

‘( DGK )) means that the inovo indicated by the (‘ DG ” 
-will be made by truck, .Iv$zicb will call at the nearest 
accessible point for you and take you to your nest 
station. 

$0 you.” 
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“ DGRIZ,” followed by the name of a railroad sta- 
tion which is near your next station, means “Done 
with you where you are; go by train to the railroad 
station mentioned, where the truck will meet you and 
take you the remainder of your way to your station.” 

“ DGKR,” followed by the name of a railroad station 
near your present station, means ‘‘ Done with you where 
you are; go by truck to the railway station named and 
from there go the remainder of the distance by train 
and private conveyance.” 

“ ST ” or “ DG,” followed by an “ L,” means ‘‘ Leave 
your lamp burning to-night ; but to-morrow follow 
instructions given by the ST or  the DG.” 
‘‘ Fini ” means “ Have finished on you ; obey written 

instructions.” 
iMoney,” ‘‘ Mail,” etc., followed by name of place, 

means “ The article is at the place named.” 
“ No ” means ‘( You have not repeated message cor- 

rectly. Correct message will again be sent you.” 

SIGNALS TO BE USED BY LIGHT KEEPER TO OBSERVER 

“Money,” “Cells,” “Bulbs,” etc., means “ I  am in 
need of same.” Other necessary messages will be 
spelled out in full. 

SIGNALS TO BE USED BY A LIGHT KEEPEB TO ANOTHER LlQHT 
KBEPER 

“ 0,” followed by the name of a station, means ‘( Ob- 
server is at  the station named; show to him a t  once.” 
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GENERAL CONSIDERATIONS 

Keep a sharp lookout for signals at  all times; if 
lights are faint, look for signal every few minutes with 
binoculars. 

I' N "'signals may be sent to you at  any time if your 
light is poor. 

Be careful to sight your lamp and heliotrope ac- 
curately; if in doubt, send your letter and the observer 
will show you a light. 

Keep your heliotrope and lamp in good condition. 
When the air is clear, a poor light may possibly be 
seen, but when it is hazy only a clean lamp and reflec- 
tor will give good results. 

At every opportunity get the correct shandard t h e  
and keep your watch within a few minutes of it. . I 

Be extremely careful not 00 have lanterns, fires, or 
other extra lights about the tower or stand dbring the 
:observing periods. They may be mistaken for %he sig- 
nal light by the observar. Frequently, they can be 
seen by the observer even though they are at  the foot 
of the tower. 

When $your line is 10 miles long, or less, watch for 
an "M," meaning that yourz light is too strong and 
should be reduced by reducing the strength of the 
current supplied to the lamp. 

ROUTINE WORK AT STATION 
The first thing to do after reaching your scation is 

to check the plumbing of the hole in the top of the 
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stand, which sho'uld be directly over Hie center of the 
mark. The plumbing of this hole, into which is fitted 
&he screw which holds the heliotro,pe .or lanip to the 
stand, may have been distuitbecl and should be checked 
each, Clay before using. You will not be able to test 
the plumbing of towers. Use the hole in the top of 
the light stand made for your lamp by the building 
party. The observer will check the plumbing when .he 
comes to your station. 

The next thing to do on reaching your station is to 
try to locate all the stations to which you will show. 
By doing this at the first opportunity, and not waiting 
until the the time you expect you heliotrope or light 
to  $be needed on a line, .you will avoid causing delays 
to the observing .party. Where smoke, cloudq, and 
fog ,are encountered, the value of getking your pcPint- 
itogs on ]the clear days is evident. The propess &etch 
show&& Ithe triangulation scheme and the adescpiptions 
of the adjacent stations will be of great use to you in 
finding fhe different stations to which you will show. 
Orient your sketch by your compass, taking into ac- 
count the magnetic variation, or by a direction to some 
stiation whioh you can see and identify. After 'finding 
the stations in  this manner you should hold the direc- 
tions to them by lines marked on the stand or by any 
other means ,practicable until you can verify the direc- 
tions by seeing lights a t  the stations. 

Your work on the tower or stand begins at 2 p. m. 
From then until 4.30, unless insbructed otherwise by 
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the observer, you will show your heliotrope all the time 
if there is sun enough to make a shadow. I f  your 
heliotrope is pointed with care, a faint sun is just as 
good as a bright sun on comparatively short lines; 
also, if you get only a faint sun for a short time every 
10 minutes or so it may be sufficient for the observer 
to use. It is not for you to decide whether the sun 
is bright enough or whether or not the observer can see 
the reflection. In  case you get no “ Z ”  from the 
observer, keep a sharp lookout for the observer’s call 
from his next station, as he may have moved without 
being able to notify you. 

When you are on a wooded peak and there has been 
a delay in seeing the observer’s light, watch carefully 
for him, for the light may be obstructed close to your 
station and you may be able to see the call from the 
top of a tree or from some other point on thelmoun- 
tab .  In other words, you can not be absolutely sure 
the line is open unless you have seen a light from 
the other station, and unless you are sure keep trying 
to get the ‘observer’s call by watching very closely. 
When in trouble about the direction of the lines, al- 
ways keep watching for calls from stations other than 
the observer’s, for the observer may be sending you a 
message through one of the other light keepers. 

When the observerJs heliotrope is once seen, set your 
telescope on it and fasten or mark your heliotrope so 
you will have thq direction of the line, even if the 
weather should become cloudy or smoky. Then make B 

16209-2G-5 
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more careful pointing of your heliotrope, using thin 
wedges if necessary to get the proper elevation. Mark 
the place on the stand where each wedge belongs and 
also mark the wedge to show how far it is to be pushed 
under the heliotrope; also mark along the side Of the 
heliotrope box for the direction. Then you can replace 
your heliotrope exactly after it has been disturbed. 
The lamp may be set and pointed by the lines made for 
the heliotrope. Remember that the vertical pointing 
of a heliotrope or lamp is just as important as the 
horizontal pointing. 

There are different methods for holding directions 
to  other stations after they have been identified by 
seeing lights or heliotropes at them. One method is 
to draw lines on the top of the stand; another, if 
you are at R tower, is to drive nails in the railing 
around the platform in line with the other stations; and 
a third method, if the light is not being shown from a 
tower or a sharp peak, is to drive a stake,in line with 
each of the other stations, the top of each stake being 
at  such a height that when the light is pointed at  the 
stake top it will have the correct elevation and direca 
tion for the pointing on the corresponding station. 

After your heliotrope is correctly pointed it wiU re- 
quire constant attention. , Otherwise 
be steady. as seen by the observer. 
1 An effort will be made to wnd you 
as practicable. It may not always be. PO 
t,he.sup not bs shining.@@ thf: ob? 
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At night your lamp should be set up and lighted 
10 minutes before sundown. This is important, and 
every effort should be made to be punctual. As soon 
as it is dark enough to signal, the observer will give 
you a '' Z,?? which should be acknowledged in the usual 
manner. This will give you an opportunity to check 
the pointing of your lamp. From this time you should 
keep a close watch for the observer's light and for 
other lights, because the observer may be calling you 
through some other light keeper. I f  you have not re- 
ceived further instructions from the observer keep 
your light burning until 11 p. m. At that time begin 
sending one-second dots (about 20 at a time) and re- 
main on the lookout for signals for 15 minutes (until 
11.15 p. m.). If no signals are received, see that the 
light is burning well and then leave the tower for the 
night.' If you have an automatic lamp, the observer 
will usually have given you instructions as to when 
the clock should be set to turn the light off. 

If you are showing light at a station which will be 
occupied by the observer or by another light. keeper 
later, you should carefully write the name of the station 
on each mark on the stand used in pointing your light, 
or if stakes were used for this purpose they should be 
left in place. Make a note of any useful information, 
such a8 directions to nearest water, etc., and place it 
in a tin can on the mark under the stand or .tower. 
-. XBafom-hhe obsermr- arrixes YOU. should find out :,the 
name and addr4ss. af : the ; owper Q e 2tmd .on which 
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the station is located, being careful to get the correct 
spelling of the name. Also find out if possible the 
numbers of the section, range, and township in which 
the station is located. This information is for  the 
description of the station which will be published later. 
Also find the location of the reference marks at the 
station. 

Remember that your duties do not consist entirely 
in showing light to the observer. It is also your duty 
to meet the observing party when i t  comes to your 
station and assist in making camp and in packing the 
observing equipment to and from the station. It 
niay be necessary for you to cut or clear a trail to the 
station. This should be done before the observer 
arrives. I f  clearing must be done on any of the lines, 
you should do it if possible, notifying the chief of 
party or observer if you are not able to do, it all before 
the lines are to be used, so that help may be sent you 
or the schedule may bs changed. 

If no tower is to be used and the ground is not 
yell leveled off around the stand so the observer can 
walk around i t  easily'mhile observing, you should con- 
stmct a level place around the stand, using rocks, 
timbers, eavth, etc., being' very careful that none of 
the rocks or timbers bear against the legs of the stand 
and that a smooth, solid, level footing for the observer 
is provided. 

Keep your tents, mew outfit, instruments, and other 
articles of equipment clean and in order. i 
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Remembey B i d  the toweis are built with the least 
makerial required for safety; that the signal notices 
apply to light keepers as well as to othor people, and 
therefore you should in no way weaken the ’scaffold 
by removing any of its parts. 

MOVING TO NEXT STATION 
You should make an extra effort to mom betmccn 

stations 8s rapidly as possible to prevent holding back 
the observing party longer than is necessary. 

In  addition to the sketches showing the scheme of 
triangulation as located by the reconnaissance party, 
you will be given descriptions o€ the stations which 
will enable you to move froin station to station. You 
will be given lists of the triRnguIation stations in the 
order in which they will be occupied by the observer, 
and you will also be given a statement of your own 
moves and, for each of your stations, the line or lines 
over which you are to show a light. This information 
will be tabulated in the following form: 

Schedule of tnov8s for obwrver and l ight  keepers . 
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Each light keeper in the party will be assigned a 
letter so chosen as not to be identical with or similar 
to any of the code letters. In the table above the 
stations which each light keeper is to occupy.in succes- 
sion are shown in the vertical column under his letter, 
and the location of the observer and the various light 
keepers at any time is shown in a horizontal line of 
the table. 

Thus, when the observing party i s  at Haystack, light 
keeper " B " will be at Rawhide, " D " at Hobbs, etc., 
and will be showing their lights to Haystack; when 
the observer moves to Coleman, " 13 " moves to Hay- 
stack, and the other light keepers keep their stations, 
changing the pointing of their lights so as to show 
them to the observer a t  Coleman, 

NOTE TO TRUCK DRIVER 

Truck drivers should bear .in mind that their duties 
do  not consist merely in moving light keepers and in 
keeping their truck in good repair. 

When a truck driver moves a light keeper to a new 
station, he is responsible for the light keeper getting 
to his station in the least possible time. He should 
help the light keeper pack his outfit to his camping 
spot if necessary and then go with him to the station to 
see if aIl lines are clear. There have been instances in 
the past of a truck driver leaving the light keeper st 
the foot of the wrong mountain or at a place from 
which the station was very inaccessible when, if he 
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had investigated, he could have taken the light keeper 
to a spot from which the station could be easily reached. 

DOUBLE OBSERVING PARTY 
With two observing parties the work of the light 

keeper is somewhat more complicated, since he must 
show lights to two stations at  once and keep the moves 
of two observers in mind. The same signals will be 
used as with a single observing party, except that 
party No. 2 will send “ ZZ” instead of “ Z ” and will 
be spoken of in signaling as “ 00 ” instead of u 0.” 
You must use your judgment in interpreting signals. 
For instance, i f  (‘ 0 ” sends ‘‘ DG 10 ” and you are being 
worked on by “ 00 ” also, you will remain where you 
arc until you receive a “ DG: ” from “ 00.” The “ DG 
10 ” simply means that (‘ 0 ” will be ready to  work on 
your next station on the tenth. In  the above case you 
should signal, if possible, “00 not done,” or some- 
thing to that effect. 

Since i t  is impossible to foresee the relative speeds of 
the twa observing parties, i t  will be necessary at  times 
for the chief of party to mark adjacent stations on your 
schedules as “ a ”  and ( ‘b ;”  in such cases i t  will be 
necessary for you to finish at the station marked ‘‘ a ’’ 
before going to ‘(b,” even though you know the other 
observer is waiting for your light from “ b.” 

When showing two lights, mount one as usual on 
the observing stand or superstructure. Then mount 
the other on the top of the first lamp, using the hole pro- 
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vided in the top of the bottom lamp into which to fit thk 
screw. Since tihe keiglit of &he helio and 1amp.must be 
known, you must keep record to show which l m p ,  
whether upper or lower, was pointed to the various stn- 
tions on your. schedule. It will simplify matters if you 

always show the 
lower lamp to the 
“0” party and %e 
upper one to the 
(‘00” party, or 
vice versa,keeping 
a record only when 
one lamp is used. 

If one observer 
should be at yoizr 
stand and there is 

8 no supemtruct.ure 
on the tower, ’ he 
will line jn yolir 
lamp on another 

line betlveen go1r 

FIG. O.-serics-purall~.l collllectlon of 10 CCIIS 
In 2 units of B cells each for use with 2 
lamps connected in parallel, when cells are 
new, ou ti (1r)ul)lc observing party using 

There will be 120 nmpercs and 3 volts in 
the lomp clvcuft, nssuming an average of 24 
amperes nnd 1Ya volts for each cell. 

tended lights s t a n d  placed on 

s ta t ion  and the 
other observer. 

Figures 9 and 10 show the arrangement of cells for ‘use 
of two lamps c~nnected in psrallel. Ten new cells with 
series-parallel connection of 2 units of 5 cclls escli 
(fig. 9) should givq a satisfactory light for 16 d,ays, 
burning 6 hours a day with a 0.6-t~mpere b$b. 

If you are posting automatic lights at a s r 
a double observing party, the metliod of e 
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will be the same as for posting one light, except thak 
yon will attach one wire from each lamp to each of 
the two binding posts on the lighting device. This 
wrangement connects the lamps in parallel. You 
will nced more cclls for two lights. In  most cases 10 
cells (the capacity of the battery 

To"0" party lamp 

Prc;. IO.-Series-pnrallel counection of 10 
cells in 5 units of 9 cclls each for use 
with 2 lamps coinic~tecl in lxinillcl, when 
crl1s arc old, on R double observing party 
ilsirlg trnded HgMs 
There will be 30 anlpcrex iind 8 volts in 

the lamp circuit, iisxiimilip an :iver:igc of 15 
n m [ i c w s  8nd 1 volt for rach cell. 

box) coiinecfed in 
2 units of 5 cells 
will giue sufficient 
light. (See fig. 9.) 

I f  both observ- 
ers are almost in 
t h e  same disec- 
tioii f r o m  y o u r  
station, take such 
precaut ions as 
you can,with par- 
titioxis of some 
mate~*jal between 
the brnms from 
the two lamps, to 
insure that each 

observer sees only the liglit of the lanip directcd to him, 
and none from the otlier lump.  

In most e m s  the obsarvers mill make special 
arrangements with the light Ircepers in regard to show- 
ing heliotropes for a double observing party. 

LIGHT KEEPER'S RECORD BOOK 
Each light keeper shall keep a record book in which 

he sliall enter an accurate account of the number of 
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cells, bulbs, etc., that he has received during the sea- 
son and the number of hours they have been used. 
He shall also keep an account of the number of times 
his light, tended or posted as an automatic light, has 
failed to operate, with the reason for the failure. 
The book shall also contain a list of instruments and 
general property issued to the light keeper. 

The purpose of this record is not to furnish a check 
on your work. The data accumulated in these books 
from year to year will be used for the guidance 9f 
parties in the future in the use of cells and bulbs an6 
in the operation of the automatic lights. These books, 
or summaries of them, should be sent to the office by 
the chief of party at the end of the season in order 
that the information contained in them may be used 
by later parties. The sample which follows will give 
you an idea of what should be entered in the book. 





ACCOUNTS 
There are two kinds of accounts-“General ac- 

counts ” and “ Travel accounts.” 
Receipts must be taken for all expenditures except 

railroad fares and. certain emergency expenditures 
such as phone calls on slot machines. Receipts to be 
included under “ General accounts )’ (see below) are 
taken in the name of the chief of party; receipts to be 
included under “Travel accounts” are taken in your 
name to be entered later on a travel voucher (see p. 50) 
which must be sworn to. 

Geiieral accounts include expenditures for express, 
freight, hire of team, hire of truck, and hire of man to 
assist in work; also charges for purchases such as oil, 
gasoline, axes, etc. 

Travel accounts include railroad fares, excess bag- 
gage, and certain expenditures for which it is not 
practicable to obtain a receipt, such as telephone calls 
paid for by dropping a coin in a slot machine. 

You are requested to make a special effort to follow 
the instructions below in the smallest detail, for by so 
doing you, will avoid a great deal of correspo 
get your moqey sooner, and greatlx $mplify the 
of accounts for the chief of party. Study theso in- 
structions carefully and READ THEM OVER FRBQUENTLY, 

There is little chance of making your work satisfactory 
until you know how to put into practice the detgils of 
these instructions. 

38 . 
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GENERAL ACCOUNTS 

The following directions are for making out re- 

1. Receipts must always give date and place. 
9. Receipts must show purpose of expenditures, un- 

3. Receipts should be made out in ink, if possible, 

4. Make all explanations in writing on face of receipt. 
5, Signatures by (X) are only to be made by per- 

sons unable to write their names. When made by (X), 
they must bear the name of the person and must be 
witnessed. (See sample of general subreceipt, p. 48.) 
. 6. Do not lump items in receipts; they must be 
itemized. 

7. Do not render receipts like this: 

ceipts for general wcounts: 

less plainly evident. 

and must be dqned in ink or indelible pencil. 

Cells, oil, and can ______-_-_-________c_lr____________ $1.50 

but make it: 
2 cells at $0.40, $0.80 ; 1 gallon oil, $0.20 ; 1 oil can, $0.50- $1.50 

8. For hauling always give weight and distance or 
number of days team was employed, dales, and rates 
per day. 

9. I n  sending telegrams to‘the chief of party mark 
‘‘ Official Government Message ” and send it (‘ Collect,” 
and at the same time send a duplicate copy of the 
telegram by mail. Messages connected with the work 
and not addressed to the chief of party should be 
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marked " Official Government Business '' and should 
be prepaid and a. DupZioate taken, with the agent's 
receipt for the amount of money paid written on the 
face of the telegram. Government rates for telegrams 
are 40 per cent of commercial rates based on com- 
mercial coixnt but with minimum charges, as follows: 
Full rate day message, 25 cents; night message, 20 
cents; night letter, 30 cents; day letter, 45 cents. Al- 
ways indicate on the duplicate the kind of message 
sent (one of the four just mentioned). 

10. Receipts for phone calls must show points bo- 
tween which calls were made, number of minutes 
charged for, and how charge was computed, rate for 
overtime, etc. Where charges are paid by dropping 
coins in a slot machine, and it is not practicable to ob- 
tain a receipt, a travel voucher should be used. (See 
sample travel voucher, p. 50.) 

11. Whenever an express bill is paid, obtain receipt 
from the agent for same and have indicated on the 
receipt the fdlowing seven things : 

First. The name of the chief of party as payer. 
Second. The place from which shipment was made. 
Third. The place to which shipment mas made. 
Fourth. The weight of the shipment. 
Fifth. The rate of the shipment per 100 pounds 

The latter is and scale number by which classified. 
very essential. 
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Sixth. The agent’s signature in full and his title, 
uncler the name of the express company. The agent’s 
signature by initials only is not sufficient. 

Seventh. The method of paclring, whether box, 
bundle, crate, or bale, and the contents of the ship- 
ment. 

If you onlit any of these, payment can not be made 
to you when the receipt is turned in. Be sure thnt 
the rate multiplied by the weight equals the charge, 
unless the weight is less than 100 pounds, when t i  

graduated rate will apply. (See sample general 
receipt on 11. 46.) 

12. A receipt for supplies or services should not 
cover portions of two months. Use a separate recei1)t 
for each month. 

13. Receipts signed by an employee of a firm, coin- 
puny, or corporation should be in the name thereof, 
and the full name and title (or occupation) of the 
person signing the receipt should be written below tlie 
ntme o f  tlie firm, compnny, os  corporation, as : 

TJiiioii Rlerc~iiit ilc Co., 
Per dolin Siiiitli, 

Snlrsllltlll 

14. Pour accounts are to be rendered on or immedi- 
ately after the last day of each month and mailed to 
the chief of party with the least possible delay. The 
form of rendering i>cco11llts collies under two heads- 
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“ Travel account ” and “ General account.” They are 
to be kept distinctly separate. $ample forms of each 
are given in this pamphlet, with the necessary esplana- - 
tory notes. I n  sending accounts to the chief of party 
state how many Eeceipts are sent, the amount thereof, 
and make a statement showing the balance due you 
ar the chief of party. 

TRAVEL ACCOUNTS 

The following directions are given in regard to  
travel accounts : 

1. Travel receipts shoulcl be made out in the light 
keeper’s name. 

2. No receipt is necessary for railroad fare. Siniply 
state on the travel voucher the nmount paid, between 
what points, over what i*ailroacl, and the times of 
departure and arrival. 

3. Travel receipts should be numbered 1, 2, 3, 4, etc., 
in the order of dates. 
4. Receipts for excess baggage must show the num- 

ber of pounds of excess, the points between which 
travel was made, and the charge per 100 pounds. 

5. When telephone charges are paid by dropping 
coins in a slot machine, information should be given 
on the travel voucher similar to that given on tele- 
phone receipts, with an explanatory statemelit why 
receipt was not taken. 

6. All expenditures for travel must appear on the 
travel voucher in the order of date, tlie travel voucher 
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to be sworn to by the light keeper individually. Any 
postmaster or the chief of party will administer the 
oath, an'd no charge can be made therefor. I n  case 
the oath is administered by a postmaster the space 
marked " L. S. " on the voucher, in the space for the 
affidavit, should be stamped with the canceling stamp 
of that postoffice which shows the place at which oath 
was administered. 

















To ....... . @ W & W d ? % 7 .  .....................--.............. .- ................... ...., Dr. 
(Nsma olpsyee.) 

Address: . ~ . ~ , . . ~ ~ . ~ ~ . . ~ ~ ~ . - ~ =  (%?cat and number. 
(CUT or town.) ....., f l $  ( 8 t . W  .... 

, -  _I--- 

DoLuns. For REIMBURSEMENT of 
official duty from 

18 ...., n copy of which ia nttnched hereto nnd forms n part of this account. 
............................................... _.__, 

CTS. 

(Blllmut bemmpletoly &eout l r r l o r e c n y e e ~ ~ t l o n , ~ n d t h ~ n m l u l b . n o . I M U ~ n o o r u w n )  

O A T H  OR AFFIRMATION OF OLAIMANT. 

I do aolormrly *..A&%%& ........... thnt the above nrrount nnd annexed schedule am just and true in all rsspecte, M veritled by a 
memomdurn kept by me; that the distapees M charged have been actunlly and n e c d y  trqveled on tpe d a e  therein Bed; thnt the 
nmounta M chnrged hove been actually pmd b me for traveling expanaes. thnt I hnve not and wrll not rocave dmctly or in%%& from any 
person, agency, orcorpoRtianpnysumsnareba~onarrountolanyexpnadof trenprtationincludedin thinaccdunt; thatnoneofau$d&tsnar 
or whch charge fe made WM traveled under an free paaa on any conveyance. that no part of the nmunt h M  been paid by the Umted Eta 

but tils full mount ie justly due; . h t  all oxpa&uree included m enid accouni other than m own peraolul t r a v ~ e ~ g n v m  w m  mylo un% 
urgent or unfo- uhlicneeesaty, nnd that i t  wnn not, for the reasmu stated herein, f o n d  to have pnyment m e mcb expenQturea by 
the Dmhuraiag Agent) of tho Cant and Geodetic Survcy. 80 n w  YE Goo. 

(zignalurc.) ...e .... ............................... 

(o&ial titb.) ~ % + . L L s . . . c . . ~ G . . ~ ~  
Sulacribed and t...L&&Z&?% ......... to before me at .My.&$ ...., this ..d&?.& ...... day of 3 ..p ............................... 192Ld.. 

.I3imgl..... J9. M...RRtl .............. 
(mk) ..... R.9.stmasZe.r .......... 

My cammicaion expires ...... ............................... 19 ......... 

I CERTIFY that the above nCMUnt Is Correct and just; that I hnvo examined tho anme md believe B e  expensea were n e e d y  incurred and 
paid M therein stated. Chargeable to appropriation- 

and approved for pIpuy~;yA~f,,y,} 
.- ........ II .................................................. - ...................... 

(ntrc.) ............................................................... 
(Rmlpt to bsslgordonl9Inn~eolp~yrn~tLnoMh) 

Scceivcd of .... G,..D.L& ................................. 2n person, or bU his deputy,  and k oash, the  s u m  

of  -& .................................................................................................... dollars and &k? ......... cents, 
in full p a p a e n t  of the  aboue account, tchich I certify to be correct. 

...... ..*... ....................... 
~~ ~ 

Paid by CJheck Xo. ................. ......., dated .......................... ......., 19. _____, for d__..__ . ... ......., drawn 

orb the Traaeitrer of the United States, to order of Payee naawd abovo. 



DATE 

................................................... ..b_.......... ........................ _.-+ 

.........................................._......_......I. ................................ 
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...................................... ---- 
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.................. I ..---- ..... ---- 

.................... __.__ 
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.......................... 

................................................................... ............ 
.................................................................... ___.___ __________________- 
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10203-20. (race p. 50.) 
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[Sample-Transmitting letter of monthly aooout#~] 

A t  the end of each math the lightkeeper .hall signal to the 
chief of p u t y  the total smut of  his expenditure. for tlr month 
3 U n t  olored, a0 for example: Expenditures June p1.55. 

note t o  chief of party. 

Any lightkeeper’s current month’s account of expenditure8 
:ram Nnds  pretioul&’ fural&hed him, not reosived by you and 
*nClUded In pow &aoounts for that month, ehpll (upon the wu9t 
thereof brlw ei$mlled to $-OK by the lightbeper 8ta above ihstmot- 
ed)  bc reported In that month‘s Statement of Aooounte in the 
“ b l y s i ~  of B U M O e ”  an “Payment =de and ola~m for ormiit 
4*terred**, 



APPENDIX 

WORK OF THE UNITED STATES COAST AND 
GEODETIC SURVEY 

In  order that the light keeper Ihay understand soiiie- 
thing of the general nature of the work of the part? 
and be able to answer the questions of interested per- 
sons, the definition of a geodetic survey and a brief 
description of triangulation as carried on by the 
United States Coafit and  Geodetic Survey are here in- 
serted. 

A GEODETIC SURVEY-WHAT IT IS 

The question most frequently asked our field parties 
is " What does the word ' geodetic ' mkan and what is 
a geodetic survey?" The question is a natural one! 
for geodetic (pronounced gee'-o-det'-ic, with the g 
sounded as in gem) surveys are much less frequently 
encountered than some other kinds. 

A geodetic survey is one which takes into account 
the fact that the earth has a curved surface. Most 
geodetic surveys me for the purpose of supplying 
start'ing points for local surveys and are therefore 
often called control surveys. These control survers 
must be made with the greatest accuracy, and since 
they must extend over the entire area of a country 
they must be corrected for the curvature of the earth's 
surface, which is not uniform. 

52 
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A geodetic survey party may be engaged in any one 
of a number of operations, such ,as triangulation, trav- 
erse, leveling, astronomical observations, or measure- 
ments of the intensity of gravity. 

FIBST-ORDER TRIANGULATION 

I n  order to avoid tlhe gaps, overlaps, and offsets 
Which are always found when independent local sur- 
veys are joined together, it is necessary to locate a 
System of points with the distances and directions 
between them accurately known. To determine these 
distances by direct measurement would be very sxpen- 
she, and therefore recourse is had to triangulation. 
' The triangulation method involves selecting a series 

of points over the area to be surveyed, each point being 
visible from certain of the adjacent points. The dis- 
tame between two of these points, called a base line, 
is then measured with an average accuricy represented 
by an error of about one-quarter of an inch to the 
mile. If the observer then measures the angles in 
the triangle formed by the stations at  the ends of the 
base line and a third point visible from the ends of 
the base, th0:distances of the third point from the two 
ends of the base can be easily computed, and by .meas- 
uring the angles at  other stations, selected 'to form a 
System of triangles with the first triangle, the d$- 
tances between each pair of stations can be computed 
from the measured length of one base line. 
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One other step is needed before a survey based upon 
triangulation can be fitted into its correct place in the 
map of the country, ?nd that is to connect the survey 
with two or more points whose latitude and longitude 
are known. This is done by including in the triangu- 
lation two or more stations of the first-order triangu- 
lation of the Coast and Geodetic Survey which trav- 
erses the,country in belts several hundred miles apart. 
A survey so connected is said to be on the North 
.American Datum, for the first-order triangulation of 
the IJnited States, Canada, and Mexico are all on the 
same datum; that is, are all joined together in one 
great system. 

The advantages of such a connection are manifold. 
Local surveys and engineering projects can be shown 
in proper relation to those adjoining. Roads, rail- 
roads, canals, and power projects can be more eco- 
nomically pladned and located because existing sur- 
veys can be better used. Land boundaries connected 
to such a triangulation scheme are sure of perpetua- 
tion, for even though the boundary marks and the 
adjacent triangulation stations were destroyed, both 
could be restored by triangulating from more distant 
marks. I n  some countries and States, as in the State 
of Massachusetts, ,property corners are so connected, 
and the boundaries are described in terms of latitude 
and longitude as well as by distances and directions. 

It is readily seen that the inscribed tablets set in 
concrete or rock, which are left by the survey party 
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to mark the stations, are of great value to the coin- 
munity, for it is to them that local surveys must be 
connected. Those living near the stations are earnestly 
solicited to assist in preserving these tablets from 
disturbance by informing,others of their value as sur- 
vey marks. ' 

A description of the methods used by triangula- 
tion parties may be of interest. The first operation, 

onnnissance, consists of selecting the loca- 
tions for the stations, testing out to see if adjacent 
stations are intervisible, and securing information as 
to the best routes by which the stations can be reached. 
The next operation is to mark the stations with tablets 
set in stone or concrete and to build the rough wooden 
tr&ods, usnally about 4 feet high, on which will be set 
*,he tlieodolite with which the angles are measured. 
Sometimes tall towers must be built to raise the instru- 

intervening trees or hills, and when such 
each tower consists of two structures en- 
te from each other, an inner tripod on 
eodolite is placed and an outer four-sided 

scaffold supporting a platform on which the observer 
1' that his moveme s will not disturb 

r towers b.eing built, everything is now 
observing party, which consists of the 

observer and tGo or three assistants on the observing 
Party proper and of, six or seven light keepers. Ob- 
Fervntions to determine the approximate difference 
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of elevation of the various stations are made in the 
afternoon, but all measurements of horizontal angles 
by which the distances between stations are computed 
are made at night. 

The instrument called a theodolite, which is used to 
meamre the angles, is somewhat like a surveyor’s 
transit in principle but much more accurate. It is 
equipped with micrometer microscopes, which enable 
the observer to make a single reading of an angle to 
the nearest second of arc, while an ordinary transit can 
be read for a single measure of an angIe to  the nearest 
30 seconds only. An angle of 1 second can be best 
visualjzed by remembering that if the telescope of a 
theodolite is pointed exactly on a target 40 miles away 
and the reading of the circle is then changed by 1 
second the telescope will point to a spot 1 foot to one 
side of the center of the target. 

Since the points to be o ved upon are often 50 
miles or more distant from observer, the ’following 
method is.used to maxe them visible: A light keeper 
is posted at each station to be observed iipon. During 
the afternoon he shows a heliotropq to the obser&r’s 
station and at night a specially constructed electric 
light run by dry cells. The heliotrope is an arrange- 
ment for directing toward iny desired point the sun- 
light reflected from a plane mirxlor. 9 heliotrope has 
been observed upon from a distance of 190 miles and 
an electric lamp from 153 miles, but this was in desert 
regions, where the atmosphere was clear. When the 
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observer htis coinpletecl his measurements upon a light, 
he signals the light keeper in code, by dots and dashes 
of his own light, and tells hiin where to sliow his light 
next. 

I n  recent years automatic signal lamps have been 
used nt times with great success. These lamps are 
governed by an eight-clay clock which turns on the 
light a t  a definite time each night ant1 turns it off 
again after a n  interval of time, usually three or four 
hours, h a s  elapsed. With automatic lnnips only two 
light keepers tire required, eiicIi operating XI truck, 
one to post lamps ahead of the observing party and 
the other to post lamps at  the rear stations. The 
lamps hare n i w y  small beam and must be accurately 
pointed to enable the observer to see tlie light. 

warning notice ,is usually tacked on the stand, re- 
questing visitors not to interfere with the adjustment or 
\he pobting of the lamp. The total cost of a triangula- 

as high as $75 per day, and a 
of a lamp by some visitor to the 
ost thq Qorerniiient two or three- 
$ying t1ia progress of the party. 

OTHER ‘ACTIVITIES 

The work of the bureau eiiibraces a great many other 
operations besides first-order triangulation. For the 
general information of the light keeper and to help him 
answer some of the innumerable questions which are ai- 
Ways asked him regarding tlie surrey and its work, 
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some of its principal functions are briefly nientioned 
below. Those who desire a more detailed account will 
find it in Special Publication No. 23, the United States 
Coast and Geodetic Survey, description of I ts  Work, 
Methods and Organization, which can be obtained free 
of charge by application to the Director, United States 
Coast and Geodetic Survey, Washington, D. C. 

A full and complete knowledge of the coast, includ- 
ing its nature and form, the character of the sea bottom 
near it. the location of reefs, shoals, and other dangers 
to navigation, the rise and fall of the tides, the direction 
and strength of the currents, and the character and 
amount of magnetic disturbance, is of the greatest 
practical value to all nations whose territories touch 
the sea or who have any interests in the commerce of 
the sea. 

To supply this knowledge the Governments of the 
principal maritime nations have in modern times made 
surveys of t,heir coasts by the most exact methods, and 
it was for this purpose that the United States Coast 
Survey was organized more than a hundred years ago. 
In  1871 the scope of the bureau’s work was enlarged to 
include the determination of geographic positions and 
other data for the surveys of the interior States, and 
in 1878 its designation was changed to “ The Coast and 
Geodetic Survey.” The word “ geodetic ” refers to the 
various operations and investigations in which the curv- 
ature of the earth’s surface is tsken into account, in- 
stead of being ignored as in ordinary surveying, where 
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parts of the earth’s surface having equal elevation are 
treated as plane. 

To-day the work of dliarting tlie 100,000 miles of 
detailed shore line and adjacent waters of the United 
States and its possessions is being carried on by t,he 
20 or 12 steamships operated by the bureau and by 
various 1;iuncli and shore parties. The depths of water 
and the charicter of the Lottoin are ascertained by 
the lead line, either the liand lead or tlie lead line of a 
sounding machine. In depths up to 130 fathoms the 
hand l e d  is used. This cbnsists siinply of a piece of 
lend, somewhat in the shape of a window weight, at- 
tached to a niafked cord, and is thrown by n leadsinan 
from a sounding platform in the bow of the boat. 
With a sounding machine the lead i.s attached to it 
wire wonnd uion a reel, mhicli inny be eitlier tumd 
or steam operated, the vire passing over a device 
which registers oil a dial the leng-th of wire run out. 
In very deep water the lead is detachable and after a 
sounding the wire only is reeled in, except that there 
are at  the end of the wilt a tliermometer and other 
small instruments and an attnchnieiit for bringing up a 
specimen of the  bottom. Tlie depths of witter so de- 
stermined are afterwards shown on a nautical chart in 
their proper relation to the shore line and to the 
parallels and meridians. Lighthouses, buoys, and all 
topographic features which may aid the mariner are 
also indicated in their proper location on the chart 
by mems of symbols. 
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Whei*e there are numerous submerged ledges and 
pinnacle rocks in the waters traversed by ships, the 
lead line will not always disclose these dangers. Be- 
fore it can be said with certainty that a given region 
is safe for shipping it must be examined with a wire 
tIrag. This is a wire suspended horizontally in the 
water a t  any desired depth by means of vertical wireh 
leading up to buoys at  the surface. This drag inay 
vary in length from a few hundred feet to more than 
4 miles nncl is towed through the mater by launches 
so :is to sweep the area tombe examined at the depth 
a t  which the horizontal wire is set. Whenever an 
obstruction projects above t h a t  deptli mlietlier it be 
n rock, sand bar, or submerged wreck, the horixontJal 
wire catches upon i t  or is lifted by it, and the location 
of the danger is indicated by the buoys from which 
the horizontal wire is suspended. 

As a basis for State surveys and to serve in tlie 
;tccurate location of national, State, and county 
boiindaries, and as a foundation for. otlicr Go17ern- 
nient surreys and for inap makers and surveyors, the 
latitudes ancl longitudes of R network of points over 
the entire country must be determined, tpgether with 
the distances and directions between them. (A inore 
detailed account of t,he purposes and methods of first-c 
order triangulation is given on pp. 53-57.) This the 
Coast and Geodetic Survey does by extending its first- 
order triangulation into all parts of the country as 
rapidly as facilities are provided. Connected with 
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this are other geodetic operations, such as star obsei- 
vations for latitude, longitude, and azimuth, and the 
swinging of penclulums to measure the force of 
gravity. The bureau also has fixed observatories 
where measurements are made of the variation of lati- 
tude at  that place caused by a slight wobbling of the 
earth as it rotates on its axis. 

The engineer or surveyor is not content to know sim- 
ply the latitude and longitude of a place; he needs to 
h o w  also its elevation above sea level. The first-order 
leveling of the Coast and Geodetic Survey extends 
along many of the principal railway lines of the coun- 
try, and the bench inarks established serve as a basis 
for tiny further lcreling done in their respective locali- 
ties. 

Both the navigator at sea and the surveyor ashore 
need to knov the magnetic declination or the ainount 
the compass north varies from the true north. For 
instance, in the northeastern part. of Maine the mag- 
netic needle points 22" west of north, while in the 
northwestern part of the State of Washington it 
points 25" east of north, a difference of 47" within the 
limits of the United States. Xoreover, the angle be- 
h e e n  the compass and the true meridan is constantly 
changing. Even in the course of a day, from 8 in tho 
lnorning until 2 in the afternoon, the needle changes its 
direction by an ainount sufficient to be taken into ac- 
count. This change may cause a discrepancy at the 
end of a line R mile long, run by the compass in the 
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morning and rerun in the afternoon, amounting to  
from 5 to 20 feet, according to the season of the year. 
To determine the amount and rate of change of the 
declination of the compass, as well as the inclination 
and intensity of the magnetic force, a great number 
of observations are made annually by the survey, either 

'at fixed observatories in the United States, Porto Rico, 
Alaska, and Hawaii, or by special parties sent out 
to different parts of the country. Sometimes the vari- 
ous field parties of tlie bureau? on sea and on land, 
make magnetic observations as an adjunct to their 
regular surveying work. 

The principal publications of the survey consist of 
about 6'70 diff'erent charts, covering all the coasts of 
the United States and its outlying insular possessions; 
annual tide tables for all the principal and many of 
the minor ports of the world, the most comprehensive 
volumes of this class issued by any country; Coast 
Pilots, containing sailing 'directions for all navigable 
waters along our coast ; special publications which 
give, in a form suitable for use by surveyors and engi- 
neers, the geographic positions and descriptions of tri- 
angulation stations, the elevations and descriptions of 
first-order leveling bench marks, and data for the mag- 
netic stations; the annual report of the director on 
the conduct of the work; and special reports upon the 
various technical and scientific operations of the 
service. 
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