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PREFACE 

NOTE TO LIGHTKEEPERS 

Tho purpose of this pamphlet is to instruct you in 
the work you are to do 011 n triangiilntion party. Be- 
fore you start out alone be sure you know the uses 
and ndjust~nents of the compass and s i p d  lnmps. 
Know how to  use your coinpass in orienting tho re- 
connnissnnce sltct.ch so that tho north lines on tho 
sketch point to the true north. The compass ~ieedle 
in most regions docs not oint triie north and, be- 
sides, is easily deflected Ey nenrby iron or steel 
ob'ects. 

'hiere are threo fnnclamcntal rules for a lightkeeper 
to follow: 

(1) * w w  thc code. I'rnctice n t  every nvnilnble op- 

(2) K?ww your instmmtcnts and talzc care of them. 
Be thoroughly f aniiliar with dry cell hook-ups and 
know how to use them most efficiently. 

(3) Get y w r  light tlwough. Mnny tiines weather 
conditions uiid unforeseen troubles or nccidents will 
tend to discourngo you, but you will be surprised how 
many tiines hard and diligent work will overcome these 
difficulties aiid turn a night which was apparently lost 
into a successful one. 

A poor signalman inalrcs a poor light- 

II 
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INSTRUCTIONS TO LIGHTKEEPERS ON FIRST-ORDER 
TRIANGULATION 

INSTRUMENTS AND EQUIPMENT 

As sooii as JWU liave joined a pnrty you will be issued 
u number of instruiiieiits tuid general pro ierty. Make 

You will be lield rcsponsiblc for evcrything 011 this 
list, k'ainilinrize yourself with all of it and take good 
care of it. Be sure to check the numbers of nll nistru- 
ments mid pit  tlieiii on your list. 

a list oi ivlint is issued you niid keep i t  1 or reference. 

This list of equipiiiciit will usually be as follows: 
1 nninieter, pocket, no. ____. 
1 binoculars, no. -_-_. 
1 coiupnss, tiziiuuth, poclict, no. -___. 
1 cot, folding. 
1 llrlshlicht. 
1 to 3 or ni(Jre, lamps, signal, nos. -_--, ----, ----, -___. 
1 1Iclcltsnck. 
1 pliers. 
1 scrrwtlriver. 
1 tarptiulin, 6 fcct by 5 fret. 
1 tnrptiulln, bed, 7 fcct by 14 feet. 
A certain nninbcr of dry cells, n battery box or luin- 

ber to mnlte 0118, n supply of battery clips, a su iply of 
insulntetl wire for dry-cell connections nnd lcn a s, aiid 
n supply of cstrn biilbs for both signnl lniiips and flnsh- 
lights will also be issued to  you. 

There are two of tlie above instrumelits with which 
you must fnniilinrizc yourself thoroughly. These are 
tlie compass and the signal lnmp. 

1 



2 U. S. COAST AND GEODETIO SURVEY 

COMPASS 

The use of the compass will hare been ex lained to 
you before you arc left alone. You will P lave h e n  
given tlic variation of the compass iieedla from true 
north for tho locality in which you nre workinw. 

TO test a compass, compare it with another, %nomn 
to  be correct, or test it on sonic lino tlie azimuth of 
which is luiown. Always be sure the needle is lifted 
from tlic pivot wlien currying your compass as i t  is 
easy to injure the delicate point of the 

l?eineniber that 11 compss necdlu is defected by a 
iienrby inass of stccl or iron. Do not use i t  on a steel 
tower unless you tire standing on top of tho light- 
kccaper’s platform with tlie conipnss about 5 feet above 
all steel. Even then do not trlist it for an nccurnto 
line, but use the followin niethod. While on tho 
ground, go about 50 fect k o m  the tower nnd point 
at sonic cardinnl point of the compass. hlurlr i t  well 
by noting sonic building, hill, or tree on tho horizon. 
l h e n  climb tlic tower and usc tluit point in orienting 
your rcconnaissunce slrctch. 

rivet* 

SIGNAL LAMP 

Tho electric signal lnnips now supplied nre of two 
sizes. The standnrd liini I has a 7-inch reflector and 

standard lamp is used most of the time but, for short 
lines under 5 miles in lengtli, i t  often givcs too bright 
n light and the small lanip is used. A t  tinies in clear 
mountain or desert air a sinal1 lnnip lias been used on 
lines up to 40 miles in length. 

Reflector.-Tho reflector is of frnil coristriiction and 
must be handled carefully to rcvcnt tarnishing and 

the smnll lanip lins a f 1‘ nslilight-size reflector. The 

scratcliing. It should be polis 7 led with soft chamois 



INSTRUCTIONS TO LIGHTIUClSPERS 

skin or  tissue, using only cleaning preptirations which 
are reconiniended by tlic Instruinent Division. 

I n  an emergency u reflector niny be replticcd by pur- 
chasing the old type of Ford headlight which usually 
C R I ~  be obtained in the larger towns. Iteffectors can 
also be resilvered or rcplutetl with clironiiuni in the 
field a t  a moderate cost. A lamp which has been 111 
service about II year is usually in iiretl of rcsilrering. 

Sighting device.--Signal I R I I ~ ~ S ,  ns now built, h v o  a 
front sight on the reflector just back of the lens frame 
und n notched rear sight fastened t o  a brticket on the 
rear of tlie reflector for  tlic iurpose of sighting tho 
light. The rear sight is 11 9 jnstablc by means of 
knurled thumbscrews, both horizontally and vcrtically. 

Focusing device.-'lYiis is the sinall knurled tliunib- 
screw about one-half inch to  the riglit of the rear of 
tho bulb socket. This s('rcw pnsses tlirorigli n collar 
which cncircles and is ~ n a d e  fust to tlie bulb socket. 
By  turning this screw in and out the position of the 
bulb is chnnged in relntion to  the reflector. 

W i e n  II lnnip is old i t  frequently will not focus well 
owing to this collnr being worn. i t  can be repaired by 
using n nut  or ring placed underneath the collar to 
iniike it longer. A hinip should be torn down and 
this focusing device esninined to  get a proper under- 
sttinding of its operntion. 

IIATTER'I COSNECTIONB 

M7ith tho liinip properly pointed and focused, the 
brilliancy of the light will depend upon three fac- 
tors-tho niimbcr of dry cells used, the niethod of con- 

tlieni, nnd the ltind of bulb used. Different necti115 metho s of connecting the cells will be described first 
Figure 1 shows several cells connected in series, tho 

carbon pole of one being connected to the zinc polo 
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of tlie nest. When tliiis conncctrd, each :iddcd cell 
increases tlic voltage, nnd tlic tot:il voltage is tlic sum 
of tlic voltngcs for the indivi(1ii:iI cclls. Tlicrc is IL 
propcr voltage for  each lanip biill). If the voltngc is 
too low, a dim light will be obtnincd; wliilc if it is 
tso hid]. the lmlh will bc bnrncd oiit. 

Figure 2 shows c~clls conncctctl in parnllel, all tho 
cnrboii poles being joiiicd togcthcr nncl ti11 tlic zinc 

‘I‘ h i s , 1) o 1 c s . 
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BULBS 

Low-amperage bulbs.-Tho iiiost commonly used bulb 
This bulb is the oiic r a t 4  a t  0.6 alnperc rind 3.7 volts. 

is supplied by t lie office oil riyiiisition 
and rcquirrs tlir. niii1)ertigo niid volt- 
ago nitirlred on tlic bnse. Wlicn i t  is 
used in the size of sityial 1:inip ~ d i i c . 1 i  
has n rcflector 7 iiic:hcs in tlhnictcr, 
i t  gives ~ e r y  stitisfactory r c d t s  011 
lines wIiicIi do iiot grcntiy csccrd 25 
miles in Iciigtli. 111 ciise i t  is foulid 
necess:iry to havc! :I l)rigIitrr light on 
accouiit of linzy :itiiro>plierc, it is 
possible to iisc ti 1.25-niiiperc biilb 
(describctl on page 6). For ordi- 
nary ciiscs with tlic sninll Itiiiip and 
tho 0.G-nnipcrc bulb, 2 units of 

To lam P 
11 e 1)’ CPllS, 
ciivli 11 11 i t 
c o 11 t ai ni 11 ,rr 

I To lam 4 

cillcl (see fiq. 3 ) )  will be suf- 
ficient to give a very satis- 
ftictory light for G hours a 
tltiy for 10 chys. Although 

will stiiiitl 4.5 volts, or tlireo 
iuiits of iicm cells, siiicc tho 
volt ago of t i n  ordinary cell, 
or of n unit, of two or iiiorc 
crlls coiiiirctcd in ptiri1lle1, is 
tibout 1% volts. Four uiiits 

r:itrc1 ut 3.7 volts, t1iese bulbs 
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of new cells would have t\ voltage of G ,  which would 
burn out n bulb of t.liis type. 

After n period of iisc of the two units of three cells 
each t.lic volt.agc will decrciisc untl tlic cells will no 
longer furnish a siltisfactory light. A tliird unit 
should then 1~3  added and lnter n fourth unit. When 

tlic foiir units 110 longer give 
T R siifficiciitly brilliunt, light, 

becniise of the drop in volt- 
iigc, the two oldest units 
s l i o u l ~ ~  be reinovetl rind re- 
plnced with o ~ i c  1iew unit. 
13c c:lrcful not, to connect 
up  enoiigh cells to give R 
volt u p  niort? tliiiii the bulb 
will stand. Aftcr n period 
of rest. t liecclls reiiioved 1iin.y 

1it.ctioll t)r 12 C J L  in J ulli is  bc usctt~ ng:nin wit11 ot.llers of 
ZlbOlIt tlN? St l l l lC tlegrcc of ex- 

0 voltn til tllc. ~ 1 1 , 1 1 1 ~  c.lrcult, huustion. Very \ve:ilr cells 
sllo~l(1 not be l l ~ e  in coin- 

High-amperage bulbs.-I’lie office also fnrnislies a 
bulb rated a t  1.25 uinpcres :ind 3.7 volts. ‘l’liis bulb 
is tliu suiiie size as tlic 0.6-tmipcre bulb nnd cnii be 
used wit,li tlic stiiiie battery. It is t o  be used in cases 
where the O.G-aniperc bulb will not give a sufficient1 
powerful light. This bulb will coiisiiiiie twice as niuc 1 
current as the 0.G-aiiiperc bnlb and should not be used 
where the other will be sntisfnctory. Whcn cells are 
new, the 1.25-nnipere bidb should bc supplied by two 
units connected in series, eucli un i t  consisting of thTee 
or four cclls conriccted i n  pmillel, extra trnits being 
added us  tlic cells weaken. (See fiw. 3, 4, uiid 5.) 
Three units of new cells in series win give as great 1~ 

1~’wuiw G.--S~rlet+ iiriillcl coii- 

OP 3 C l ~ l l S  l~urll. 

Tlicrv wlll lie 72 nruperw i ind 

nssunilng nti uvt’I’nEc of 2.1 nm- 
p,tr,!n 1% volts for cncll c!cll. bincition with new oiics. 

f 



INSTRUCTIONS TO LIGHTKEEPERS 7 
voltnge ns  the bulb will stnnd, since i t  is rated the same 
in this respect us the 0.G-uiupere bdb. 

High-voltage bulbs.-Tlic ofice will also furnish for 
speciul cases a 1~1111~ rnted nt 2 ninpercs and from G 
to 8 volts. This bulb consunies snch R lnrgc aniount of 
current that it  is not econoinicnl or prncticnl except in 
cnses ivliere t lie observer desires not only n brillinnt 
liplit, hit nlso 11 light with its h n i n  slightly diffused. 

l\Titll fresh cells, 5 units of 4 cells ench should burn 
well for about, 20 honrs, after which the brilliancy will 
be rediiced noticeaibly. Otlicv iinits should be ndded 
one a t  n time us needed. \Vhen 8 units do not give 
the iuvpired nnioiint of light, the older cells should 
be thrown away nntl fresh units used. A coinpnrison 
of the ~iurnbcr of cells L I S ~ ~  with this biilb and with the 
smaller bulbs readily shows why this lninp is not 
pct icnble .  It gives n bcim only slightly iiiore in- 
tense, and i t  requires n large iiuniber of cells which 
is undesirublc whcn weiglit IS a serious coiisidcrntioii. 

TESTISQ CELTS 

Use the pocket nmmoter to  test the cells n s  they n w  
used. Cells wliicli sliow no energy should be tlirown 
away bccniisc ~v111~11 tliey are placed in circuit with 
other cells they CRUSP. iiiorc resistance to the current and 
tend to reduce all to n k i  nverngc voltnge. I n  general, 
cells of less tl iaii  4 or 5 nmpercs will bo of no use. 
Cells wliich nxy! cold never test well niid will show a 
poor light. Wlim cells w e  cold you sliould wttrni them 
arid test thrm before tlirowiiig thciii nwiy 11s worn out. 
Freezing permnnently irijiircs dry cells. 

USE OF ACITONOIIILE R T O M G E  BA'ITEKTES 

Autoinobile storage batteries of the ordinary 6-volt 
type 2inve h e n  used frequently in recent years with 
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sntisfactory results. When used they should be tested 
fre ueiitly with a liydronieter and not nllowed to drop 

ncntly damaged. 
By using tlie proper terminals on n stornge battery, 

voltage inny be wried from 2 to G or 8 volts. A fresh 
storage bnttery lins tlie advniitagc of siipplyiiig licnvy 
umperagc and will run for long pcriods witlioiit tlie 
lights being diniiiied by n loss in voltage. Conse- 
qncntly they n r ~  f requcntly uscd by observing parties 
which gciicrnlly Iinvc n cnll light with IL G-volt bnlb. 
Storngc batteries niiist be hnndlrd with cnre to prevent 
the acid from spilling and ruining II pnc1ts:ick or otlier 
equipment. 

As an emergency inensure on n steel-tower project, 
wlicn dry cclls have bcconio low, liglitlrccpers driving 
trucks have used tlic truck bnttcry in tlic follow in^ 
manner. ~ l i a  truck is driven close to tlie towcr nnS 
the battery connected to the tower by wiring one tcrnii- 
n n l  to tlie iiiiicr tower nnd tlic otlicr to the outcr towcr. 
Then lends mny bo tsltcn froin the inner nnd outer 
tower n t  the top. This will not bo sntisfnctory wlieii 
the ground is too wet 11s the current will short through 
the groulid. You can test  this by putting sn nninieter 
in tho line after connection is nmdc at  the base of the 
towers and noting wlicthar or not tlic discharge is 
lieavy . 

so 4 ow before being reclinrgcd tlint they nre permn- 

ADJUSTNBNTS OF LAMP 

Aside froni tho electric connections tlicre nre only 
two adjustments needed for  nriy of the lnmps-olio for  
focus and tlie otlicr for the sighting device-nnd these 
should be tested frequently. 
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Focus.-l’lie laiiip iiiust be properly focused at all 
tiiiics. No ninttcr how brilliant the filniiient of the 
bulb iiiay be, tho light will not be effective a t  aiiy 
tlisttuice unless well focused. Each bulb will In, 
found to reqiiire a slightly diffcreiit focus, and this 
is true even of tlic s:iiiic lrincl of biilbs of nppnreiitly 
the s:iiiie size, because the position of the filiiiiient relu- 
tivc to tlic b tm of tlie bulb is rnrely exact1 the same. 
Thercfore, focus tlic lniiip every tiiiie t 9 ie bulb is 
clii~iigcd niid rcfociis after the lniiip has been shipped 
or curried by truc.1; or puck horse, since the vibration 
while trnvcling will quite lilrely cni~se a change. 

Tlic focusing ndjiistiiient is m d e  by tlie screw socket 
into which tlie bnlb lits (see p. 3 ) .  Focusing caii be 
tloiie either a t  night or during thc da . A t  night 
focusing is b a t  done by directing tlic figlit upon 3 
flcit surfncc, such as ti tarpuiiliii or tent, about 100 feet 
awny and turning the adjnstii?g screw until the bri ht- 
est 1)art of t h e  disk is but a little lwger tliaii tho f ens 
of !lie I n i n  . As ~ i i u c h  light as possiblo slioiild be 
conceiitrntct f within this nrcn. 

During tlic dny the focusing cnn bc done by stand- 
ing thont 100 feet nwiiy froin the 1111iip, with your 
eyes in the pntli of tlic benm, nntl hnvc sonic oiic turn 
the focnsing screw bticlr nnd forth until thnt point is 
found where (1) the light is brightest, (2) there are 
no blnclc rings o r  spots 011 the reflector, arid (3) llic 
‘‘sprr~d” of ilic bright beam is little inore t l inn  1 foot, 
ns foiind by iiioving the eye up and down and side- 
wise in the path of this bcniii. Tlie Iniiip is tlicii in 
focos. 

Lamp sights.-The ceiiter of tho niost brilliant pait 
of the bcniii must 1)c pointed to the obscr\w, arid if 
the sights nre used in pointing, they must be pnrnllel 
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to the light benm. To adjust tlie sights by night  
point the light to some object near enough to outline 
the centrui bright benin and ufter loosening the 
knurled nut which holds the rear sight bracket, nd- 
just it so that the sights point to a spot as far  above 
the center of the boain as sights are above the center 
of the reflector. Then tighten the nuts to hold the 
bracket and sight in tliiit osition. 

Plncc a stake in the groiind in tho pnth of the light 
and iiinlte u nitirk on tho stake at the point where the 
reflector shows tlie brightest. This point may be 
found by moving thc eye 11 and down nrid sidewiso 

focusing the light. Then ndjust the rcor slglit so 
that the sights point to a s ot the same distance above 

ter of the reflector. Adjustinents of the focus and 
si hts 11111 be ndvantngeously made nt the snnie time. 

%lien tEe adjustments nrc properly made, the  bri h t  

arc pointed at  him. At  night the poiliting may be 
inade upon the observer's light by sighting nmirtitcly 
along the bcnni-from directly abow it  for line and 
from the side for elevation. 

A light not  proper/?/ pointed ntmy e i t l w  be inm.sr'ble 
to tlw observe?. or inmy ~ ( L I I S C  C W O ~ S  in. t?ic o b s c ~ a i n g  
which ccminot 6 c  detected zuntil all the stations of the 
triangle have bccn occupied, and thus may cause great 
delay am1 expenm. 

um OB- AUTOMATIO ~ I O N A I .  LAMPS 

This adjustment may n f so be inadc during tlie day. 

just back of the stalre in t i e  P same manner ns when 

the miirk on tlie stnlre as t P ie sights are nbovc the cen- 

beam of the light will go to the observer if tho sig t ts 

Undor ccrtnin conditions, when tlie party is short 
h i d e d ,  autoinntic lighters nro used. Tlicsc lighters 
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aro controlled by n clock which turns on the light 
during certain hours for which thedock is set. Since 
these lighters are scltloni used, no extensive explana- 
tion of tlieir use will be given here. Complete instruc- 
tions are issued with cucli lighter, which inay be studied 
\yhcn they tlly! to be employed on the party. 

INSTRUCTIONS FOR SIGNALING 

INTERNATIONAL MORSE ALPHABET 

A .d 
B _... 
c -.-. 
D _.. 
E. 
F ..-. 
Q _-. 
H .... 
I .. 

s ... 
T -  
u ..- 
v ...- w .-- 
x -..- 
Y -.-- 

. z  --.. 
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Betwcc-ti thc dsgrces iind niinutcs, Iliinutcs rind seconds, nnd in 
plticc of n decimal point, scud tlic letter “It.” 

Esiiinplc of tlic corrcct wiiy to triuibmit nil niiglc : 
Tlw iingle 135”4G’39.2(i” would bc sciit ns follows : 

NF135R4GR39R20 
Whcrc tlirre nrr severnl tingles to bc sent, ns whcn directions 

nrv trcinsmittctl, they wi l l  be sent n s  follo\vs : 

Wo2(i‘.l2 !IS” 
3W45’2.5 22” 

135”:i8’11.23” 
171 “lG’65.62” 
1~35°41’:37.1’2“ 
Usc c x t r c ~ ~ ~ c  (wrc in soitding nunicrnls ; nnd if riny iiunicml IS 

lost iu rccciviiig, breiilc ill tit OIIC‘C with “It.” Do not guess. 
The Intcrnntionnl Morse (“Continentnl Codc”) dif- 

fers from tlie American Morse in tlint there arc no 
‘‘SJJ~CCS)’ between the eleinents o€ tlic letters. 

rhe alphubct must bo comnitted to  memory ; also, 
whnt is inore difficitlt, all 7eftc7*s ?mist bc quicldy rccog- 
nizcd b y  secing t h i v  clc?ncnts. Prrfevtion i n  this mnt- 
ter will ch i ina t e  much ti-oublc nnd niisundcrstnnding, 
as  most of the dificulty is duc to tlie receiver’s iiinbility 
to mxogriize n letter before tlic nest one lins bc,nun. 

Dots should be short, just long enoiigli t o  pcrniit the 
light to be sccii clctwly. For dashs,  tlw light should 
shine for c1bout 2 secontls. 

Tlic duration of drirlawss between elements of 
letters should be 1 second ; between lcattcrs, 3 secoiids; 
and between words, 6 sclconds. I t  is not iiiiportiiiit that 
these periods slioiiltl be nbsolutcly obscrvetl, but tho 
relative proportion should bc mtiiiitnincxl. Rforeover, 
n uni€orni spccd slionld be mtiiiitninc.d in sending, for 
varying spccds ~nalte tho rcceiving o€ tlie iiiessnge diffi- 
cult. Use tlic signaling lrcy 011 tlic Innip for all 
signaling. 

NPSnlt4TiR2.71222 I\T 90112GR121NS BT 
l:i51~:~81~111123 131’ 1511<10R551tBP 131’ 
1051~411~351~12 I 
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Calling.-A liglitlreoper cnlls the observer or another 
li4itlteepcr by sending n series of dots until answered. 

9 1  i l i c  obherv~r ciills n lightkeeper by showing a 
stciidy light to liiiii. A stcntly light from tlie ob- 
server’s station nieans eitlier tliiit lie wishes to  send 
yo11 n nic~sstigc or that  your light is not stitisfnctor 
14’irst, inspect your liglit and tlien answer the call. & 
tlic retison for  the ctill from tlic observer wns your un- 
sutisfnctory light, the observer will 0. I<. by dots as 
wvn ns the trouble is corrected tiiid will tlien turn off 
his light. 

Answering calls.-A liglitlteepcr niiswors a call by n 
series of one-second dots (not niorc than seven), then, 
with his l ight stccchy on t h e  ohsc?*ve~ ,  watches for  tlie 
sigiml by nid of the binoculars if necessary. Wlien 
two liglitlreelxrs nrc so located thnt ench is able to 
see tlic light intended for tho other, both must nnsmer 
when oilled, then the letter of tlie light desired will 
be sent by the obscrver. 

Receiving messages.-If tho lights nre faint, before 
bq$nning ti iiiessngc gim the one to  whom it is sent 
tiiiie to steadv his binoculars on tho light before cut- 
tiiig i t  off. hnrlten tlie light for ttbout five seconds 
before beginning iiiessnge. The prnctice of sending 
dots bcforc c1nrl;ening the light is often confusing on 
long Iinrs n i i d  should not be prncticcd unless author- 
i d  by tlir chief of pnrty. Do not cut off your light 
whik  receiving n mcssiigc. 

All messages nre to be repented by the receiver, ex- 
cept iiicssuges f roni lightltccper to  observer. Hero 
t 110 observcr will i inswt~ by sending one-second dots. 
NI.:VEI~ iIEI’EAT A IvOIW TJNIXSS YOU ARE SURE IT IS RIOTIT. 
This is a decided nnnoynnce to the obscrrer and n source 
of 11 grwit clcal of trouble. If n n  observer linows tlint a 
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message has not been received lie is at lenst in a position 
to know what to do to remedy matters. SIIOULD YOU 

iumm. If first purt of message lias been received, 
repcat words you arc sure of, then send “R” for re- 
mainder. Where lights are faint or lightlrcepers not 
skilled in receiving messages, it is better for the ob- 
server to send one word a t  u, tinic uicl have that re- 
pented before proceeding to the next. 

FAIL TO GET THE PIIIGT PART OF A MESSAGE, BIWAIC IN 
WITH “R.” DON‘T WAIT UNTIL MESSAGE 1ZXB BEEK COM- 

CODE SIGNALS 

A series of one-half-second dots ineaiis “I bnve made 
n inistake nnd will begin again.” 

A series of one-second dots nieuns “I understand 
your message.” 
“H” incans “Eepcat your iiicssuge, I could not 

get it.” 
Li htkee ers in rcla ing messages refer to observer 

8 S  ‘‘897, ((OOO;, etc., nccording to which ob- 
server is meant. IVlicn tlicre are iiiore thnn three 
observiiig parties, spccinl ciesignutioils: for the others 
nro selected by the chief of p r t y .  Designations 
coininonly used nre “Four O”, “FIW O”, “Six O”, etc.., 
wliicli nre sigiiuled ns follows, using a combinntion of 
the nuiiierals and letters : 

Cell lottors I I Party 

Four 0 
Pivc 0 
Six 0 
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A _ _ _ _ _ _ _ _ _ _ _  \Vciit n while. 
AA _ _ _ _ _ _ _ _ _ _  Stwid by. Will nccd you soon. 
N _ _ _ _ _ _ _ _ _ _ _ Y o u r  light is too fciint. 
h l _ _ _ _ _ _ _ _ _ _ _  Your light is too bright. 
Z _ _ _ _ _ _ _ _ _ _ _ _  The tlistinrtirc letter of the 0-linrty. It menns, 

“We n r ~  nbout to stnrt obsvrving on you.” 
The 1ightkrcl)cr on rewiving n Z, will 0. I<. it 
by repciitirig it biickweird to the 0-ptirty, thus, 

ZZ _ _ _ _ _ _ _ _ _ _  The letter of the 00-pcirty. It is returned ns 
fOllO\\’S : . . - - . . - - 

%%% _ _ _ _ _ _ _ _ _  Tlic letter of the OOO-party. Ilcturned : . . - - 

Brigliten it. 
hlodertite it. 

. .-- 

..-- ..-- 
4-0 _________The ictter of the 4-0 part)’. 

Split ns follo\vs: . . . . - - - - 
Returned: - - - . . . . .- 
Sent cis follo\\.s : . . . . . - - - 
Ileturnrtl : - - . . . . . 
Sent ns follows: - . . . . - -. 
l<cturllc.tl : - - - - . . . . 

DONE _-____-You rein turn out your light t o  this observing 
pirty. (hittinue to  show to otlier pirtics until 
they signeil you tluit they nrc Anislied. How- 
cvw, you niust co~ithiuc to look for ccills nnd 
niust not lrcivc stiitlon until DG is sent you. 

It lllccilis 1\11 
o1)wrvIiiC: purtics ure tlirough cind cwryone 
1neiy retur11 to Cllll l l) .  

G O  _ _ _ _ _ _ _ _ _  Tlir letter of tlic 5-0 pnrty. 

G O  _ _ _ _ _ _ _ _ _  TIw lcttc*r of the G O  peirtp. 

I)G____-____-Tlic Huislird sigucll for tlic tllght. 

SIONALE TO l3E U8ED BY OllSF3Wkslt9 TO I.IGIiTKEFPEllS IN MOUNTAIN 
TIlIhNQUIAlION (I’AICI‘IES OAMPINO AT STATIONS) 

DG--_..-_____This now nic~lns “ l ~ o n e  wllcrc you nrc; go to  your 
ncst steltion IIS iiitlirnted on your schedule of 
niovcs nntl show to the obscrviiig peirties sclied- 
ulcd on tlw llest obser~~ing period.” 
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DG OSE ----Sniiic as nbovc cxccpt tlirtt the one indicates tlirit 
oiic tlriy will iiitcweiie before t l i c  observing 
pnrtips will iittciript to o1)scrvc. Siiiiilnrly niiy 
ollrcr iiuiirber as “Two, Tlirce, or &’our” moy 
I t ?  used. 

ST ----------Stop showing light to tlic stntioiis slio\vn on 
your scltctlulc. Ilcllltlill lit your st:1tIon nnd 
slio\v liglit to  the sc~lictlulcd ollscrviiig piirties 
on the next obscrvlng ])rrlocl. 

ST ----------~t’ollo\\‘rd by tlic lirliiic of 11 stilt toil, titkcs oii  tlie 
following iiicriniiix, “\\’e ure bre:iking schedule. 
Stop eliowiiig liglit to tliis strition. At  the 
iicst o1)srrriiig pcrlotl slto\v to the station 
iiriinccl and look for II call froiii this pnrty.” 

ST ONIil-----Stoi) s l i o w l ~ t ~  t o  tliis st t i t  ion now. 1;cnitiiii nt  
your sttrtioii tint1 show to llic stntion sliowii 011 
your sdictlulc. Oiicl tlny wlll intrrvciic bcforo 
tlic obscrvri s wlll be rciitly. Siiiiilnrly, 
“TWO, ‘l‘HI{I~:~~, or FOUlt” mny 1)c 1ibc(1. 

TIlD --------Fiiiislictl wlt 11 you f o r  toiiiglit. Reiiiiiiii ut  the 
SIIIIIC still Ion i i i i t l  show to this stiitloii again 
on tlic ncxt ol)serving period. 

GET --------Follo\vetl 1)s the iitiiiic of n sttitlon IIICIIIIS, “Cnll 
tlw obswving ptrrty nt tlirit st~rtion rind tell 
thciii t o  sliow liere.” ‘~ l te  lightlxxper will 
tlirii cnll tlir stritlon iiriiiietl rind stwl tlic i i i e s -  
sngr, 0 (follomctl by tlic nniiie nf tlir stntion 
froill Wllicll tllr coll orlgiIl~ltc~l)* If OllC of the 
otlicr nl)wrvi i ig  pnrtlcs orlglnntctl thc call, 
their call letter is srlbslltutcd for “0.” 

GENERAL CONSIDERATIONS 

Watch for  signals a t  all times. It is n common fault 
for a liglitlrceper to lcavc his tower for a time nfter 
he has received his a’s. This is n bad faul t  for  he is 
oftcn needed to inoderate or intensify his light or to 
cull another lighllteeper. 

These signals are al- 
most always sent a t  least oncc or twice in an  evening. 
A good lightkeeper cnn oftcn aiiticipnle such n signal 
by watching his liglit. Expcricncc will tell him 

Watch cnrefully for N or hl. 



INSTRUCTIONS TO LIGHTKEEPERS 17 

whether i t  is too bright or too dim. On steel tower 
triaiigiilntion t lie observing pnrties usunlly send their 
Z's while i t  is still dnyliglit. As i t  grows dnrlrer i t  
will bo ncccssnry to  moderate tlie light nnd :in esperi- 
eiiccd liglitliwpcr will do this without being called. 
Later  in tlic cvcning, u s  tlie cells grow wxilrer it iiiay 
ciguin bccoiiie necc1hsiir.y to brigliten the light a i d  a 
good 1iglitlicel)cr cnn tc.11 wlieii to d o  this. 

13e srire to  point uccurutely. I f  nt nny time, in 
chnnging 11 bulb or :I 1:iiiip. tlicre is I'C'RSOI~ to believa 
tlint yoii iiiny 1i:ivc distrirbcd tlie pointing of your 
lights, cnll the obscrvcrs in tiirn, stiirting with the 
bottoiii light, ~ n d  rcpoint ncciirntelg, both horizon- 
tiilly and vclrtically. Often 11 violent .gust of wind will 
cliniige tlie poiiitings. Wntcli t h o  poiiitiiigs closely on 
ti wiiidy night. 

Keep your Innips in good condition aiiil the reflectors 
polished. A rcflcctor wliich is dull on one side niny 
cniisc 1111 error iii tlic observing. 

Ncvcr use (L heater of any kind on tlic tower or stand. 
Hcnt \vnvrs f 1'0111 the limiter will ciiuse the light to 
t\ppc:1r \Yn\'y t o  the observer. 

Ncvor Iiave n lnntcrn or fire tiroiinci tlio tower or 
stand during the obsrrving. Tlie light mny casily bo 
niistnltcn for  tlie signnl light by the observer. 

ROUTINE WORK AT STATION 

Tlio routino work n t  a station diffcis slightly, de- 
pending on wlietlier tlic stntioii has  II steel tower or u 
4-fOOt stnnd. 

A t  n. 4-foot stniid tlio following routine should be - 
follo\Yed : 

(1) Cl~oclc plunibing of hole in wl~icli light,s R I B  
If  this hole is not directly screwed with n plumb bob. 
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over the mark, reset the board containing hole so that 
the light will be directly over tlic ninrlr. 

If u light stand is used ovcr n 4-foot stand, use the 
hole ninde by the building pnrty as you ccinnot pluinb 
this distance accurntely by yourself. Tlie stand will 
be plumbed lnter by the observing party. 

(2) Next locate tlie stntioiis t o  which you will show. 
Do this ns soon as possible. Orient your sltetch by 
conipnss, taltjnq into account the niagnetic variation, 
or by a direction to soiiic sttition you can bee and 
identify. Do not j u m p  a t  conc111sio11s. Us0 every 
possible aid in oricnting yoiir sltetch. When tlie 
country has section-line ronds you cnii clicclc your 
orientation by tliciii. To\vns sho\vn on the sketch 
often assist in oricnting. A t  least one to throe stu- 
tions can usunlly Le recognizcd nnd used to iissist in 
determining the directions to tlic otlicrs. 

Aftm finding tlic stations you sliould hold tho direc- 
tions to tliciii by linrs drnwii on the stnnd or b 
driven in the ground until you cnn verify 
seeing tlie lights. When you are on a 
and tlicrc has been clclay in swing tlie obsoiver’s 
light, wntch ciu~>fully for l i i i i i ,  for tlie light niay be 
obstructed close to your station and you niay see it 
by standing up on tlic stnnd, by cliinbing a tree, or 
by wullring some distuncc from the stand. I n  otlicr 
words you cannot be absolutely swc tlic line is open 
unless you have seen a I i A t  from the other station, 
and uiilcss ou nrc sure seep trying to get the ob- 

fail to et the cnll, almnys watch the other stations 

to send you a nicssnge through sonieone else. 

server’s cuJ 9 by watching very closely. When you 

closely f or the observer you fail to get mny be trying 
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Wlwn you nre on u steel tower you mill have no 

mwns  of plunibing the line to tlie ninrk. Simply 
sliow your lights from the hole in tlie light plate 
on the to  1 of the to\ver. 
” 1 lit1 a t o w  pnnigriiplis regnrding orienting your 

sketch liold triie for a steel towcr also except that  you 
must bc very careful in iising 11 conipnss on n tower 
due to tlw nttrwtion of the stcel i n  the tower for the 
coiupriss ncetlle. You must stnncl up on the light- 
I;cc‘~>c~’s plot form nnd Iiold the conipass well nbow tlie 
stccl in esttiblishing :I north line. Pick soiiie point on 
the h o i h n  ns Iiicigiictic north end use t l in t  in orienting 
yollr sltetch. 

The  c.wct ivoi~,t.inq of the 7iqAt on tower or stand is 
very iniportn’nt. 'rib iwtical’ poiiitiiig is just as in)- 
porttint tis the liorizontal pointing. When yon nre nd- 
justiiig your pointiiig on an ol)scrving party, brigliten 
your light so tlist yon can see the beitin and sight above 
it- to corroct the ~iol*izontnl pointing nnd Iiold your eye 
cilongside the bc:i~n to  check the vertical pointing. If 
tltc 7ight is ?lot pointed C;L(ict/y to nn observing pnrty, 
tlicy ~nuy be observing 011 n poi*tio?i of the reflector thnt 
is cccmfric f o  tlw 7 ~ 1 r k ,  causing n n  error in the results. 

I f  the obwrving ,arty is working from a central 

~ i i d  4 11. 111. ench day ckpending 011 the season nnd 
length of day. I f  your station is to  be used as an 
initin1 by one of the observing parties, tha t  observer 
will instruct you to  show a light to him 11s soon as 
possible after reachin- your station. It is very im- 
portnnt for  you to do tks  for i t  ninkes additionnl work 
for tlic obsorvws to  Iiave to use a station other than 
tlieir regular initial for oh nilling tlieir intersection 
stations or “cuts.” 

ciinip you will be le 1 t n t  your station between 2 p. in. 
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Use of light-leveling plate.-I\%cn sliowing niorc 
t l iun  two lights, and f rcquciitly wlitn showing two, it 
will bo found tha t  the light plate is not mnctly lcvel, 
cuiisiiig tho lights t o  t i l t  out of plumb. I n  such cases 
a n  error in observing is caused by the observers point- 
ing on nii cccentric light. When this Iiiippens malre 
use of your light-1evelin.g plntc unclcr tlic bottoni light 
tind be suro to  sce that  it is levcl b clicckiiig it in :dl 
dircctions with tlie snitill hnnd l cwg wliicli is proviclcd 
for this purpose. 

Spelling of station name.-IVlien you nr r iw a t  n stn- 
tion you should exnniinc tlie iiniiic stniiiped on tlio 
station ninrlr nnd rcfcrcncc niarlts and s(w that  tlio 
spelling is exactly tlie siiiiic ns thnt shown on your 
sketch nnd reconiinissaiicc dcscriptioii. If t licrc is tiny 
diffcrcncc. tho spelling stnniped on tho ninrlrs should 
be signnlcd to encli observing pnrty :if tcr they hare  
sent thcir 2’s to you. Fo r  instance, if tlic stntion iitinio 
shown 011 tlio print is ‘bScIiuinnltcr” mid tlic ninrk is 
stnniped “ScliiiiiincIicr”, you sliould send each obscrwr 
the niessage, “Nulilc Yclllllllacl1~’r.” 

Courtesy to the public.-I~~liciie~er tho p r o p t y  
owiicr or occupnnt of lnnd on wliicli tlic stntion is lo- 
cnted litis nny reqiicst or complnint to mnlte, you must 
listen courteously nnd proniisc to cnll the matter to tlic 
attention of tho obscr~er ,  wlio will tciltc i t  up with tho 
cliicf of Iiarty. Under ?io c i ~ w i ~ i ~ ~ t n i ~ c . c s  must you 
bring up tlie question of pny €‘or propcrty dnmzigo. 
I f  tho owner inquires about tinninges you sliould simply 
state thnt the complnint will be rcferred to the cliicf of 
pnrty. 

Wiencver nnyone inquires ns to tlw nature of the 
work. SOU s110ult1 u l w w  courteously mid cxplniii ns  
well as tinio permits. By all nicnns do not give any 

This is of grcnt importiince. 
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wrong inforination iiiteridcd to  be liii~iiorous, and be 
siirc t o  corrcct wrong iliipreA&)ns as to the reasons for  
tlic towers niicl lights. Wheiievc~ 11 question is brought 
up wliidi yori callnot iiiiswr, s:iy franltly that  you do  
not laiow. This  is inucli bctter than givino an  incor- 
rect iiiiswr. ~ l i c  cliicf of pnrty \vi11 p o t a b l y  1Iarc 
soiiie 1):iiiiphlcts dcscriling tlir work which he will 
pim yo11 to  p s s  oiit to tlic public when tliey iiiiilte 
inqiiirics. 

Driving truck.-If you driw tt triick p i i r  duties also 
cslciicl to  keeping your truck in good order. Grease 
joiir truck :is frrqiimtly iih Iicwssary. :iud l t c q )  i t  clean 
ai i t l  in good r c p i r .  Cull tlir iittcnt ion of the l i e d  
nicc-li:inic. or c*liicf of p r t y  to myth ing  \vrong with 
your triicblr wliich yoii cannot rcpiiir yourself. BP sure 
t o  kecp yoiir t r w k  record ciircbfiilly. Mnkc all re- 
qiiirctl ont rivs Iiriitly rind ticciirtitoly. 

Drive cni.cfiilly. Itcmciiibcr tliiit inore field eiii- 
ployccs fire discliiirgrtl for poor truck driviiiy t h i n  for  
111ig otlirr cniisc. Tlic chic.€ of p i r tg  stiidies recorda 
of triic%k costs and ?.our cliniiccs for proinotion inny 
h i q y  011 sow nbility as n triiclt driver. 

Cleanliness and sanitation.-It is very iiiiportnlit tliat 
clitill)s :Il\\.iiys 1 ~ 1  l ~ p t  i l l  ii clcnli n ~ i d  otderly condi- 
tion. Keep r:iiiip grouii(ls free of waste pnper and 
1-itbbisli :ind kccp yorir tciit clean and saiiitnry. 
Trucks should be p i d t e d  in nn orderly niniincr within 
the spice dcsignntetl by tlir cliicf of party. Toilets 
or toilet tmts slioiild 1~ ltcpt clean. li'ollow nll in- 
structions regarding iisc of lime, which mill bo 
prov i d d  . 

'rlie foregoing also holds with respect to a station 
site. Do not ltvivr odd bits of Iiiiiiber, papers, worn-out 
cells, or tin c m s  around n station. 
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SPECIAL EQUIPMENT AND ROUTINE ON LARGE 
PARTIES 

At tiines large parties with from 3 to G observers 
have been operated and in spciul  instnnces over short 
periods as many ns 10 or 11 observers have worked 
sirnultuneously on the same night. When n pttrty 
reaches this size unusunl skill and cnref ul hniidling 
of equipment is required of lightlreepers to avoid con- 
fusion nnd delay. On u pnrty of this size you should 
be nn extremely efficient signaliiinn, ns much tiiiie is 
wnsted by poor signaling. 

If required to show threc or more lights you shouId 
build a bnttcry box of the type shown in fipiro 7. 
This box contains 1G cells which nro wired in parallel 
sets of 4 each. The box lins n hinged cover with a 
series of bus bnrs 011 the under side of the cover. The 
box must be dec 1 enongli so that when the box is closed 

1 inch. The bus bnrs inny be niade of heavy copper 
wire, or if copper is not nvnilable, ordinnry iron wire 
niny be used. The wooden covcr furnishcs snfficient 
insulntion if ordinary care ngninst moisture is used 
and the bus bars iiiay siiuply bo screwed to the wooden 
cover. The short connectioiis bct\veen the bus bnrs nnd 
the cells should be of the slip or U-type for cnse in 
hoolring up. With such a bos the clips n t  the end of 
the luinp wires inny be quickly clninped onto tho bus 
bnrs. 

Lamp wiring.-Wlioii three or niore liglits w e  sliown, 
you should mire your lights so tlint they niny be con- 
trolled from the observer's platform. k igrire 8 shows 
the simplest method of such wiring. Each light is 
provided with a permnnent groiind wire €rom the 
screw socket in tlm bottoni t o  the serow socket in the 

the bus bnrs \vi \ 1 clenr the tops of the cells by about 
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top and is connected to one of t.lie torininnls on the 
lamp. Wlicii this is dolie only R single ground wire, 

A- Leods g w n g  I 5 volts 
8-  ,, 18 30 n 

c- " . 4 5  " 
D- u 10  60 w 

E- 8 ,  " 30 I 

~ ~ ' I G U U E  7.--lrruugemeiit for bnttery box. 

box i l k  tlils Is u Kreut coiiveulcnce. 
When lights must be sliowii to severul observers nt once n battery 

A, froin tlie biittcry nwtl be i i d .  The wires 13, C, 
and D connect from llic other terniinal of each lam 
to tlio otlier termiiial of the btittery, but run tliroug! 
tlie switchbonrd. Tlie switchboard is ftistened to  0110 
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of the legs of the towcr on tlic obscr\~cr's plntforiii nnd 
has n single-throw lrnife switch for ench lanip. The 

Ground w r e s  'F' ore connecled 
lo hghl screw sockels 'E' 

FIouiis 8.-Arr1ui~cinent of swltclics for scveral llglils. 
Tlils switch hurt1 riwblw l l ic llglit lwcpw to control cuch of acvernl 

lights froui the observer's glntform. 

advniitngm of this nrrnngmicnt nrc mciny. You can 
signnl or change voitnge on Iclinps without clinibing 
onto tlio liglit stmid mid only need to cliiiib up t o  the 
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lights when i t  is necessiiry to  change bulbs and correct 
the focus or tlie pointing of lights. Tlie switches inay 
be obtnincd in 5-cind-10-cent stores and the switclioard 
is eiisily iiinde. Encli switch should be tngged with 
the dcsignatioii of the party to which the light is being 
SllO\\.li. 

MAKING PURCHASES 

Occnsioncilly in certain eniergencies you will be 
autliorized to ninl;e piirchases. \\;hen this occiirs bo 
sure to Iiuve receipts properly signed n ~ l  itcniizecl or 
you will not be tiblc to  collect on the receipt from the 
chief of pnrty. 

Observe tlic following directions in detail : 
1. Use subreceipt form no. 5. 
2. Ihwip t s  iiiiist show piirpose of expenditures 1111- 

less i t  is plninly cvitlcnt. 
3. Ilsc ink or inclclil)lc? pencil in innking out roccipts. 
4. Rinlw ti11 csplnnntions in  writing on fnce of the 

reccipt. 
5. Signnturcs by (S) lire only to  bc ninclc by per- 

sons uiiitblc to writr  tlicir iiiinics. \Ylwn m:ic.le by ( S )  

wi tncssetl. 
6. Scl)nriitc nnd itcniizv all itenis snd show 1111 unit 

costs. This is iiiost iiitportant. Curry out all 
csleiisions. 

7. For hire of sntldlr Iiorsc, picl; l io rs~ ,  or tcnni, 

8. 111 wiidiiig :I te1cgr:im to tlie cliicf of p r t y ,  mnrli 
i t  “Ofticiiil Go~er~in icn t  1nc~ss:1gc7’ iind sclid i t  “eollwt”, 
u ~ i d  ;it tlic sn i i i~  tiinc sciitl n tluplicxtc copy of tlic telc- 
grniii by 1ii;iil. 3 l ~ s s i i g c s  coniictctcvl with tlw \vorl< tint1 
not nd(1rcsscd to tlie chief of party Aoultl be 1n:irked 
“0Aic.inl Go~clrniiit~tit biisiiit>sh” i i i i t l  should lw piqiiiitl 

thcy nluht bcnr thc 11:1n1c of tlie ~~C”‘s0n nnd 1llllSt bo 

F110\\’ llrllnlx~r of ( b y s  tllc 1iorsc or tcnm wns I l S d ,  dates, 
ul ld  r;11c per thy. 
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nnd a dupZicate talcen., with the agent’s receipt for the 
amount of money pnid written 011 the faco of the tele- 
gram. Governnient rates for te1egr:ims are 40 percent 
of coniiiicrcinl rates bused on commcrcial count but 
with minimuin clinrgcs, ns fo l low : Fnll  rate day mes- 
sage, 25 ccnts ; night iiirssag~, 90 ccnts; night letter, 
30 cents; dny lrttc.r, 45 ccnts. Alwnys indicate on tho 
duplicntc the k i ~ i d  of 11icssngo scllt (01ie of tho four 
just inent ioned ) . 

0. Obtnin full instructions from chief of pnrty 11s to  
method of purclinsing gasoline or oil as this changes 
f rcq11cn tl y. 

SUMMARY 

Tlic foregoing insti-nct ions h n w  becn ninde very gcn- 
crnl. Considcnible variations in procediire nncl meth- 
ods occur on tliffcreiit pnrtics, and the type of country 
in wliicli you arc worlting inny also call for  u diffcrent 
typ!: of orgnnizntion. 

1Iie fuiiclamentnl rules of good liglitkeeping, how- 

1. Know the code nnd bo able to use i t  riipidly and 
efficiciitl y . 

2. Aiiswer all calls proiiipt~ly and reply intelligently, 
a i t l i  fewest words iiceclcd to  iiinltc tlie incaning clear. 

3. Be thorouglily funiiliar with nll your equipment 
and keep it in good condition. 

4. Above all get your light t hough .  The fniluro of 
ono liglitlreeper to show light properly nnd promptly 
may lose a dny’s time for the entire party. 

5 .  Trotit tlie public courteously. 
6. Keep your camp sites clean and neat. 
7. Cooperate fully with observing parties and other 

0 

ever, I l l %  RlJVnyS the SllI11C. 

liglitlteepers. 


