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These instructions supersede ull prevlons instructions nnd circu- 
kws upon t h t ~  subjects treated and, together with the ReguIatlons 
and Instructions for the Goveriiiiient of the United States Coast 
ntid Geodetic Surrey, tire to be followed in the execution of tleltl 
work. 

1. LESTER JONEH, 
WW80,. 

3iAHCJ.i 1, 19w. 
4 



GENERAL INSTRUCTIONS FOR THE FIELD WORK OF THE 
U. S. COAST AND GEODETIC SURVEY. 

LATITUDE AND LONGITUDE DETERMINATIONS. 

1. Initial positiona.-Initi~il positlous froni which to  extend new 
work will ordinnrlly be fnrnislird. tlicsr positions linvlng hecn 
derived from previous triiiilgulation or from ristronomirnl deter- 
llliniitions made hg spccinl parties. In the present state of tlw 
Work In sucli regions :IS Alaslin cind the PlIi1ip~)liw Islancls occn- 
q1ons may nrise nliere surveys niiist be made in lociilities where 
110 dctermincd initial point Is avnllahle. In such cnses, in order 
not to delay other operations, i t  may be necessary at A n t  to ns- 
WIII(* the lntitude and longitude of 11 starting point, hiking the 
h t  value o1)lninublc froin &sting cllarts or other source of 
hforuintion. If iueiins nre availiible for determining by tipproxi- 
lnnte ustronoiuic Inetliods n position liltelp to be inow ne:irly cor- 
I”%, this should \)(* tlone ns opportunity offers. The rc1:itire 
t’(’onolny of using such nicthods, or the stcindnrd mcthods, or 
dWcndiiig on the ~issumetl value untll connection is i i i 1 1 ( 1 ~  by 
trit1llgulntion, slior1ld Itc considc& in each case. If the instru- 
luents ure nviiiiu1)le. the meridian tclcscopc ciin be used for Inti- 
trick> rind time with littie more cspc*ndittirt~ of time tlran i s  rv- 
q u i r a  to get less sntisfiictory results with u thcodolitc. Whcn, 
h v e r p r ,  n tbwdolitc is used, the latitude sliould prePeritb1.v he 
ol~tuine~l  by o1)scrviiig meridlrin ultitudes of stcirs north an41 
YoUtli of thc zenith, or the nltltude of Polaris: and the tiinc by 
‘Wal altitudes of stars, or 11 slngle altitude of a star, preferably 

new the priinc vertical. Convenient stnr charts a re  United 
States Hydrographic Otncc clinrts Nos. 2100 nnd 3101. The 
illU4trutions in “A fleld book of the stars.” by \Villiriin TykY 
Olcott, WIII also prove or value in tlie identiflcntlon of stars. 

9. The atniidard methods used in the Unlted States Coast mil 
Qcodetic Sur\rcg for cleterinining nstronomic Intitude, i o ~ ~ i t ~ ~ r l e ,  
Wid azimuth are described i n  Special Publication No. 14, Clltitled 
” The determination of time, longftode, Intftucle, and nzlmuth.” 

5 



6 GENERAL IXSI"1JCTIONS FOR FIELD WORK. 

TRIANGULATION. 

3. Classiflcation of triangulation.-Ti*i:ingulatioii i n  the United 
States Co:iet and Geodetic Survey Is divided into three classes: 

4. Precise triangulation.--'l'ri~iiigulntitm which litis :in accuracy 
i*epreseiited by a n  average closing error of n triangle of about one 
second with all stations occupied. I t  i s  to be used in estending 
iircs over long distniices. The network of arcs of precise triangu- 
lation constitutes the bases from which secondary nnd tertiary tri- 
:injiulutioii ure c?stended. The general instructions for precise 
tri~ii~gulntion, rwonnoisfniice, and bnse mensurcment a rc  giveu 
in  Appendix 4, l k p o r t  for 1911, and in Special Publication No. 19. 

5. Secondary triangulation.-Trliingulation \vliich 110s a11 accu- 
mcy represented by :in nvernge closing error of a triangle of bc- 
tween two nnd three seconds. Some of the stiitioiis need not bc! 
occupied. This cluss of triangulation is usually employed when 
currying the control from precise triangulation to the lowlit-y 
where topogrtiphic, liydrogrupliic, boundary, and other surveys arc 
to lie mncle. Such tlistnnccs iirc coiiipririitlvely short, iisunlly less 
tliaii 100 miles. In  the Philippine Islluids the irmin schcnie of tri- 
:iugulation is secondary in character. The general instructions 
for secondary trimgulntlon ure given below. 

6. Tertiary triangulation.-Trlnngulatioi~ of a n  accuracy repre- 
sented by :in nverttgc closiiig error between three nnd flve seconds. 
The coast triiinylntion of the Survey is nf this character ant1 is 
used for the iiiimedfiite control of topogrnplifc and bydrogrnphic 
surwys. At intervalv nlong the coast the tertiary schenie is 
controlled by secondfiry and even prccise tri:iiigulation. 8 1 1  
triangulation done by IJnited Stntes Coast iind Geodetic Survey 
parties or vessels along tlie harhors und rivers of the United Statcis, 
Aluslcn, I'hllippine Islands, or other coaRts uiider the jurixdictioii 
o f  the  United States will tic tert1:iry in  clinruc.ter unless speviril 
iiistrurtions tlcslgnuti~ :inother c1:iss. 

7. If it is found Impracticable on ticcount of the physical condi- 
tions or lack of time to obtain the nccurncy in the triuiigi~lation 
called for by these gmertil lnstructio~is or by spwin1 instructions, 
the chief of party will i i in lw :i special report to tlie office cnlliiig 
attention to the tliscrepnncies iinrl the conditions causing them. In  
tlie Philippines such repoi't wjll be mule  to the Director of Corist 
s~lrvcys.  

8. The instructions which uliply only to secondary triungulatiou 
nre givcn in I )arn~rapl is  10 to 21.. Coinplete iiistructions :ire glvcii 
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for tertinry triangulation. Some of these apply also to secondary 
triangulation, aiitl n refcrence, l o  thein is glven hi paragraph 22. 

8. The instructions for observation of vertical angles are given 
in paragraphs 112 to 13s and nre to be follo\red in  both secondary 
tincl tcrtinry triangulation. 

SECONDARY TRIANGULATION. 

10. Character of figures.-The cliiiiri of Irliiugulittioti between 
bum nets shall be iiiiide up of flgurcs of froiii four to seven polnts 
each, in which ccrtaiii stations mny be left unoccupied, ns indl- 
aited io pcirngr~iph 25. It may be ullowed to degenerate to single 
trianglcs in cwcl)tlon:il cmes wlicre otherwise the cos1 and t l i w  
would be excessive. There must be no overlapping of flgures, ex- 
cept thnt in  n four-sided centrnl-point flgure one of the diagonuls of 
the flgure mny be obscr\wl, and no cxccss of observed lines beyond 
those necessary to secure a double determination of every length. 
If It Is necessary to occupy other stations than those in the mnln 
whernc, in order l o  lix certain positions which are required by 
instructions to be fixed, connect these additional occupied stations 
(which will be cnllcd supplementary stations) with the main 
scheme by the  sirnplwl flgui*~s posslbl~? In  which there is a check 
mid preferably by sliigle triungles with a11 angles measured. 

11. Strength of figures.-'l'hls is tlie snme as for tertlary trinn- 
gulution. 
12. Length of lines.-The lo met^ limit of length of line is ftxed by 

two considcrntlons. On very Rhort llnes it is difficult to get obser- 
vations of the  tlegrer of nccurnc.y necessary to close the triunglcs 
within the required limit. Very short lines nrc, npt to bc nccompa- 
iiied, though not necessarl1.v so, by poor geometric conditions us  ex- 
pressed by large vulues of R. (Sccqnr. 25.) Past experlence in 
prcviw triiiiigultitioii intlimtes lltnt observntions over a line fi 
kiloiiieters long are of prwticnllp tlie snme accumcy ns over the 
lorlycst lines, nntl tlmt tlic1.e is 110 aclvantnge, i n  so fiir tis accuracy 
in the measurement of the nngles is concerned, in mnking the 
Iiii(. iiiucli longer tbnti this. The lower limit for secondary trinn- 
gulntion is probnbly c-onsidcl'iibly below this. Therefore endeavor, 
in liiying out the muin schonie, to u8e the economic length of line ; 
tliut is, endeavor to use in encli region lines of such lengths ns to 
mike tlic totnl cost of recoiiiioixwnce, bulldlng, trlanylntion, aud 
base nieasurement n iuini~uuin per mile of progress, subject to the 
Ilmltatlons stated in these instructions. If the ecmomlc length 
of the line is very great, then sripplcmeiitary or intersection sta- 

(See pars. 25 to 42.) 



tlous must Iw fiilroduwi tu meet tho needs bf titotie wlio may wish 
to sturt other triangulution Prom the scheme. 
13. Frequenoy of baees.-'l'he requirements are identical with 

those for tertiary triungulation (see par. 44) except that the ZIL, 
riiust be reckoned between iiieasureil bases or one measured bwe 
and a Iiue of precise triangulation. Also the discrepancy betweeu 
Imes must not exceed 1 prirt in loo00 instetid of 1 part in 6OO0, 
whlch is the requirement for tertiary trlungulation. 

14. Base sites and base nets.--l"ollow the direction given under 
teitlary tritlryllntfon, paragraph 45. 
16. Base measurements.-In the base measurements such np- 

paratus and methods should be used as to insure that the constant 
error does not exceed 1 puit in 78000 nnd that the accidental er- 
rors are not gcater than that represented by a probable error 
of 1 part In 2QOOOO In the length of the base. No dimcnlty Will be 
encountered in keeping both classes of errors far within these 
limits, evm when the base is over very rough ground, If it Is 
Measured twice with invur base tapes properly standardized. The 
i'equired accurncy may he obtained by making the measurements 
with steel bucle tapes if tlie work is done at  night or on cloudy 
cluye and provided the tape8 have been well stnndnrdized. AU 
of the barre tupe~ of this Survey are rctandardized n t  the Bureau 
of Standurds. 

16. The method of memurements, form of record, and of compu- 
~rilious ure glven in pnragruphu 47 to 56. Basemeasurementawlth 
tapes are dewribed in some detail in the following publications 
of tliis Survey : Appendixes 8, lteport of 1803, 3 of 1901. 4 of 1901, 
4 of 1910, and Specinl Publication No. 19. 
17. Horizontal angle measurement-Standard of aoouracy.-In 

wltu'ting the instivnieiit to be used, the methods of observntion, 
tlie signals to be used, and the conditions under whlch to observe, 
proceed upon Wie amumpticjn tlia:: what is desired is the maxlmum 
speed and intniiuum cost consistent with the  reyuii-ement t h u t  the 
closlng error of a single triringle in  tlie main scheme shall seldom 
exceed G ~econds and tlirit the average closing error shall bc b o  
lwwn 2 and 3 seconds. Tlie observntfons connecting sugplemen- 
tary stations with the muln scheme should be of this snme degree 
of uccuriicy. This stnndurd of accuracy used in connection with 
other portions of these instivctlons defining the necessary strength 
of flgurvs, frequency of b u m ,  mid accuracy of baw merimre 
iuents, will, in general, insure that the probable error of any bnae 
line (or line of precise triaiigulation used as a base) as cornpnted 
from RII udjucent base (or line of precise trirlnguhtfou used as 
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u btcsc) is nbout 1 purt i n  35000 UIJIJ thut the actual discrepancy 
Ietweeii such bases is ulwiiys lcw t h u i  1 part hi 30000. 

18. Selection of instruments.-IC1 tiler u direction or R repeatlnn 
iiistrmiient iiiuy be used in  tria!igiilution of this clnss. In elect- 
iug the size of instiurnelit to be iisell two opposing f a c b r s  must 
be taken into account. If small, light Instruments are used and 
i f  sun and wind shields are not wed,  then the weight of the ouWt 
which it i s  necessary to take to a stution wfll be light, and the 
cost in t h e  and money to truisport the observing party and it8 
outfit wlll not be large. On the other hand, the lnrger and better 
the instrument, up  to ffie ltrnit of the best theodolite avdlable, t2w 
u o r e  fully it is protected from the  sun and wind nnd the  mort) 
stable the  support provided for It the smaller wlll be the number 
of observations necevsary to  secure the requlred degree 6 f  
uccuracy and the shorter will be the  observing period nt the 
station. 
ID. Observations in the main soheme-with the direction instm- 

merit.-An 8-inch dircctlon instrument (No. 140, for esamlple) , 
used on its own tripod and protected from sun and wind slmply 
by un umbrella, will give the requlwd ciccurncy with from 5 to 10 
incnsurcs, u direct and reverse rending being consldered 1 menN- 
uremeiit. This is tlie type of Instrument reconimcnded for RW- 

ondary trinugulutloii. Five positions of the clrcle should be used, 
corresponding approximately to the r ~ i o l l o ~ i ~ g  radings on the 
Initial signnl: No. 1, 0" 1' ; No. 2, 74" 3' ; No, 3, 144" 5' ; No. 4, 
216" 7' ; No. 6, 356" 9'. 

The mliiiiuuni uuinber of meusureiuents shnll be 5, 1 in cncli 
posltion, iuid the maximum nurnbcr 10, 2 in each position, 1111- 

less i t  filiull bc found thnt under pn rtlqiilrir conditions encountered 
ii  larger nuiiiber is necessriry 10 s ( ~ u r c  tlie mquircd dcgrrc of 
iiccurncy. The baclrwiird (ncldltlve) rendlnl: of the nilcrornoter 
ouly should bc trilteri In each position of e;icli ~nicroscopt*. . i l  
least once n niontli n few specin1 rcudiiigs both bnckwnrd itnd 
forward should be taken on various grnduntions of the circle 
lo determine the run of each mlcroineter and plncccl in the record 
11s a test for run. If the nver:ige vnlur of tlic run for either 
micrometer is  found to be greater than two divlslons (= 4 
wconds) , tlic In\lcrorncter shoulci be ucljusted for run. Under 
these conditiolis nnd with the  specifled positlons of the clrcle tlie 
run will be eliminated from the results with sufiicieiit iiccura'ry 
hy the process of tnlrlng means. For  nny other directloxi instiu- 
ment the system of positfons to lw dsed must he sclwted with 
irference to the iiumber of rnenqurenients found to be necessnry. 
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With any dlrec.tion iiistruiiient when a broken series is observed 
the missing signals lire to be obsei-ved later In connection with 
the chosen initial, or with some other one, and only one, of the 
signals already observetl in that  series. With this system of 
observing no local udjustineiit is necessnry. Little time should 
be spent in  wnitliig for  the doubtful sigual to show. If i t  1s 
not showing within, sny, 1 mlnute when wanh>d, pass to the 
nest. A snviiig of time results froiii observlng iuany or all of tlie 
sign& in ccicli series, provided there are no long waits for siguals 
lo sliow, but not otheiwdse. Wlirri the elevations of the stations 
differ greatly, i t  i s  necessary to lrrep the liorizontal axis of the 
instrument level In order to nvoid large and troublesoine erroi-. 
Tile magnitude of these errors for various conditions is show11 
In the following table. Of course, releveling should only be done 
between posltlons. 

Uorrections to  direc1ion.u f b v  inclitiatim of the horizontal. a& of 
thc d i i . w t i ~ i i  itiatr?onent or t h c o d o l i f ~ .  

(Il’or form of record, scc par, 62.)  

~ 

:orrccllnn 
l o  Iiori- 
zontlll 

direction. 

( i  o)u It) 

0. w 
0. 12 
0. 17 

0.12 
0. ?3 
0. 3.; 

0. l i  
0. :I5 
(I.  I,? 

20. Observations in  the main soheine with a repeating instru- 
ment.-A lO-intili G;iinbey repenting theodolite, weti on its t ) w i  

tripod and protected from sun and wind ~l~riply by a n  umbrella, 
will g l re  tlw rerluirctl nccuracy will1 from O W  to two sets of 
ohcrvations. This is the type of repeating theodolite recoiii- 
mended for secondary triaiigulatloii. A set of obseiratioris should 
~onsist  of six rrpetiticms of the tingle wlth t h e  telescope in tlic 
direct position and sis repetitiolls of the esplement of the ringle 
with the telescope in  the reversed position. The method used 
in mnking ti set of observntlons Is ns follows: Set the circle 
a1)proximately at zero and record the inltial rendhig. Point 011 
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the left-hand object by means of the lot\w motion aud then 
unc lmp tho upper .molion iind point 011 tho right-hand object. 
Record the approximate reading of thc circle. This completes 
the &st repetition of the ungle. Next looscu the lower motion 
:md point c~gaiii 011 the left-hand object, then unclamp the upper 
u~otiou and poilit again on the right-hand object, and so on. A 
careful reudlng of thc circlo must be mude uud recorded after 
three repetitions of thc nngle tuid again after sk repetitions. 
Xest reverse the telescope about the horizontal axis and by 
ineuns of tlie Ioiver molloil r ep in t  on the right-hand object. 
Then loosen tho upper motion and point 011 thc left-hand object. 
This constitutes one repetltiou of the explcment of the Ungle. 
After six repetitions of the cxplement the iustruluent should 
be back very iieady to the initial setting. The circle should 
then be  carefully read aiid recorded us before. (See sample 
record in liar. 65.) Slightly chtiuge the setting of the circle a t  
the completiou of ench set of observation8 iud mnke un entli*elg 
independent rending for the inltinl of the next set. When two 
or more sets of observations are mtide on the samo angle the 
initial setting for each set should cliffer by an amount approxi- 
mately equal to 180" dlviclec-l by the number of sets. 1 % ~  exnmple, 
if an angle fs to be inensured with two sets of observations, the 
initial settings should be about 00" npart: If with thrcc? seh, 
60' tipart, etc. If Home of tho stntlons observed upon m e  much 
higher or lower than the station occupied, it Is necessary to keep 
the horizontal nxts of t hc  instrument. level, In order to hvolrl 
large and troublesome ei*rors. (See tnblc above.) With any 
repeating tlieodollte meamre only the flingle angles between ndju- 
cent Iiues of the main scheme and thc tingle necessnry to close t!ie 
horizon. In the conipnrntlrely rure. case in mliicli tlic friiliire of 
iidjtlccnt slgnnls to diom at  the sitme time prevents currying out 
this program, nlnke as nenr an tipproach to i t  as possible nnd the11 
t like tlie rem:iining slgnals in nnother series together wlth somr, 
one, and orily one, of tlie slgr~nls ohsa'ved fn the drst scrles, and 
lnens11rc in the I I ~ W  series only the s i i i~ le  tingles between adjacent 
signals and the angle necessai'y to close the horlzon. With this 
scheiiie of observing, no local adjristinent is necessary, escept to 
distribute e:ich horizon closure unlfoniily nmong the nnglcs mens- 
iired in that series. If tin attempt i s  made to use 7-inch repentlng 
theodolltes 04 trlaiigulatloii of thls class, it may bo found nec- 
essary to make three sets of obserrritions 11s denned iihoye. ( ~ r  
a form of record of ol~aeri~~itlons wit11 n rtqwntjng ilwor]olitp, 
see pnr. 65.) 



21. Observations on intersection statious.--lln intcrsection sa- 
tion is one which is not occupied nnd whose position is determined 
by observations upon it from stations of the mnin scheme, or 
from supplementary stations. If n direction theodolite is used, 
one such measurement ns is outlined in pnrugrnpli 10 must be 
iiinde on eucli llne to each intersection stnuon. A second such 
inensurement should be made if this cnxi be done without mu- 
terlnlly delaying the progress of the work. Each series of obser- 
vations on intersection stations with a direction iustrument is to 
coiitai~i sonic one, imd only one, llnc of the niuiu scheme (or n 
line used in fixing the position of ti supplementary stution). If 
ti repenting theodolite is used, the direction to ench intersection 
stntion is to be fixed by measuring the angle between it iind n line 
of t h e  iiiain scheme (or a line used in flsing the position of a 
suppleinenttiry stntion) by one set of observntions consisting of 
three repetitions upon the angle with the telescope In the direct 
position w d  three repetitions upon Its explernent with the telescope 
in the reverse position. No inetisures introducing stntion conditions 
arc to be mnde on intersection sttitlous. It is important with 
either form of theodolite to hfiw liues to each intersection stntloii 
from at lenst three occupied stations i n  order to  secure 8 check. 
hut ii  possible Interswtion atiitlou should not be neglected ainiply 
becnuse only two lines to it ctiu be secured. 

22. Puloyrop1i.u 66 to 58 und G!) to 111 also cippl!i to aecmutur?/ 
tt~ianyiilnlioii, aiid all pewom erigaoed on thot m x k  zoEIl oompll) 
uritk the directions given. 

TEBTIARY TRIANQULATIQN. 

23. Character of figures.-Tho muin echcmc of thc trinngulntion ~lial l  
bc m d c  up of figures of from four to seven pointa cach, i n  which 
certain stations may bo lcit unoccupied 08 indicnted under pnragraph 
25, “Strength of figurcs. ” It may bc allowed in crceptionnl (*ma to 
degcneruto to Ringle trinnglcs with all angles obscrved whcrc othcr- 
wise tho cost and time woiild bc excessiv~. On the other hnnd, thcrc. 
Inust bo no overlapping of figures, except that in  a four-sided, ccn- 
trl-point figurc ‘one of the dingonnls of tho figure may bc observed, 

h i d  no excew of obscrved lines beyond thoso neceasnry to Recur(* 

:L double tleterminntion of every length. Observntiona over lines 
which will mnkc the main scheme m y  more complicated than that 
defined nbove would prnctically be wntlted. The main scheme ahould 
be extended to within mght of all portions of the nwa to be controlled 
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by tho triangulatim It it is neceawy to oimpy other stations than 
t h m  iu tlic indu sclicme in order to reach hy intersection cart& 
stations which must bo fixod to  control hydrographic OT topographic 
opemtionrr, rnnnrct them ndditiontzl occnpicd etstions (which will be 
called supplementary staliom) with thc main schemo by tho simpleet 
fiyrea poeaiblo in which thoro is a chock. Single triangles with all 
the angles measurcd will, in gcnernl, be’sufficiout for the purpose It 
frequently Iiuppena that tertiary t&ng~la t io~ l  stops a t  a place from 
which it. is probable that it will  be extended at some f u t m  date-aa, 
for cmiiple. ;it tho heud of n bay or part way up a river. In such a 
cam it is clwimblo to etop on a lino rather thau a point, and the last 
figure should bo quadnlabral with one p i n t  loft unoccupied rather 
than a single trimgk. 

a4. Inthe c o d  tMsgulatjon in the Hiilippim Islandathe etations 
are usudy Iocated near the coast : b n d  an off-lyillg iehmds M on thr 
first footbills back horn tho comt. 

86. Strength of 5gares.-In the innin schonic of tritrngulntion the 

fig-are muat not i n  the eelocted best c h i n  01 triRngIee (call it R,) exwed 
50, nor in tho second beat (call it RJ excoed 150 in Units in tho sixth 
placo of logndthma. Them aro extreme h i t s  never to be cxctiedctl. 
except when it k o x t m e l y  diffcilh under oxjsting conditiorls to keep 
miain them. Keep thc qiuntitlos Rl and R, down to the limits 23 
and 80 for the best and second boat chains, respectively, whenever the 
e&matcd total coat does not exceed that for the chain barcry within 
the extreme limits by more than 25 p r  cent. The valnea of R may be 
roadily obtained by uao of the “Table for determining relativo strength 
of figUr0E ” (Soe pragraph~ 26 and 27 for thk tablo and expluilation 
of formula for K . )  Olio station in each figure nlay be 2eft unoccupied 
whenever to do BO does not increase tlie,valuea of R beyond the 8pociEed 
limits. In o. figuro in which all statiom wo occupied, if any iutcr- 
ruption (as, for exrunplc, the failure of a a p l  to ehoiv) mnkes it prob- 
able that such a proccdrlre mould &we considerahlo time, certain Ihos 
not exceeding t h o  may be ohcrved over in one direction only. f i ~  
au& a cam R, and R2 Emall 130 computed 09 if on0 outsido etation of tlle 
Gyro had bocu left unoccupied, and tho value 80 computed must not 
exceed the specified limits. For 110 trhgki ucted in comocting 
mpplementary station with the main scheme should tho mhie of R 1~ 
floater than 60. 
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26. Table for determining relative strength of ignres in tri- 
angulation.- 

I 

i 

I 

I 

I 
i 

10 11 

10 
13 

0 
7 

7 
0 
6 
6 

4 

4 
4 
4 
3 

3 
4 
4 

4 

a 

I - 

- 
ul, 
-. 

1 

s 
7 
6 
6 

4 
3 
3 
2 

2 

a 
2 
2 
2 

2 
2 
21 

-7- 
i7[ - 

2 

1 
1 
I 

1 

U 
0 

1 
a 

27. 111 the table above tho values tabulated are 6Aa+6A6B+6B2. 
The unit is one i n  the sixth place of lognrlthms. The two argil- 
meuts of the table are tho dlstauce nngles in degrees. the smullrl. 



tlislnnce angle 1)eing xiven nt tlic tal) 01 tlie tiible. ‘I‘he clistniicc? 
nngles :ire tlic iuigles ii i  eiich trlungle opposite t lie lciiown side and 
tho eido required. and S, are the logarithmic sin0 differences 
corresponding i o  one scconil for tho clistnnce :inglcs 4 tind B of a 
tiln nglc. 

m, Tlir squtire of the 1)rob:ibI~ error o f  t l w  logririthni of ti side 

of a triangle is - (dz) 2 [62A+8A88+82,] in which d is the 

probnble error o f  I I I I  ol)servet\ tlirection, 1) is the nuniber of direc- 
tions obserrcd h i  :i figure, nntl C‘ js  the riumber of conditiolis to 
be sntisficd in thc llgurc. (See Wright iind Hnyford’s Adjuflt- 
nicnts OP ObscrwtIoiis, 2tl ed., pi). 1G8 and 169.) The suminatioii 
inillcut4 by I: is to hc hken for the triangles used in compiitlng 
the vnlue of the alcltt in question from the side supposed to  be 

1 D-C 
3 

:tI)%)lutely kno\vil. 
D -C 
1) 29. In  the above forllluh tilo tW0 tcrUlE - -  -- tUld 2: [da~+6~6n+6’u] 

tlcpciitl entirely upoii tlic figures chosen tilid nre incle~wndcnt of 
t he ticcurticy wit11 wlilch tlir iiiiKles iirc met~sureil. Tlie product 
of‘ t h r w  two terins is therefore n nieiisur(? of tlie strength of the 
tigiire with rcspect to leiigtli, in so fnr  21s the streiigth depends 
upon thc selections of strttioii6 nnd of lines to \)e observed over. 
‘1’111t st rengtli tttble is tiicrcfore to be usctl, i n  cdonucctlon witl) the 

values of ”;;’ --- given hereafter, to decide during the progrew of 
ihe reconnolssnnce which of the two 01’ more possible figures i~ 
(.lie strongest, and to determfne whetlier 11 sufilcieutiy strong 
schpiiie ]ins beell obtained to mulre it iiiudvisnble to spend niorc 
tinic In reco1~i1o1ss1i11ce. 

SO. To compurc two tilternntive flgures, either quadrilaterals 01’ 
wnfrn l  point. figures for exnmple, with ench other in SO fnr  as the . 

s t r ~ ~ n g t h  with which the  length is  carried is concerned, proceed ne 
follows : 

( a )  For eiich figure tnlw out the distance angles, to the nenrest 
tlvgree if possible, for the best and second best chuina of triongleg 
throiigh the dgiire. TliA6e cliains are to be selected ut lirst by 
estimntion, nntl the eslimntc is to be clieclted Iriter by the resullfl 
of compurlson. 

(0) Ihr  etlch trlnngle in cncli cliniii eirtw the tubie with the 
ilistuocc nngles as the two arguments nnd take out the  tiibulnr 
value. 

( c )  For cnch chuin, the best and second best, through each 
ffgure, t i t l w  t h .  S I I I I I  of t . 1 ~  t ~ ~ b i i l ~ i r  WIUPS. 
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For n four-sitled, ccntnil poilit figure with 0110 dL~gonitl also obmrved, 

with tho ccntnil ytatirm not 4111  tlie Gxed liuc unoccupied,--- l;; - -0.67. 

82. Examples of various trinngulntion figures.-The follnwhg 
Coiirtecn figures are eiven to illustriite some of the prinelples in- 
volved in I h c ~  relccticiri of the strong flgures nnd to illustrnte the 
rise of tlie Strength Table. 

33. In cvcry ligirca tlw line wlilcli is stipposed to be fixed in 
laiigtb, and tlic! line of which the length 1s required, nre repre 
sent& by heiivy lIneR. Either of these two hcnvy llnes mag be 

1 nm-21-2 
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considered to be tlie fixed line iind tlic other the required line. 
Opposite eac!h llgurc? ItI niid Rz, iis given by the Strength Tnble, 
arc shown. ‘l’ht. siiiallcr the value of It1 the  greater the strength 
of the figure. IC2 need not: be considered in comparing two flyrc.s 
uiiless the t.wo values ol’ It, are  qu:i l ,  or nearly so. 

34. Colupure dgs. 1, 2, and 3. Fig. 1 is a square quudriliitcrul : 
lig. 2 Is ii rectnngulur qiindrilutcrnl, which is one-half as long in 
tlie direction ‘of progress i is it  is wide; fig. 3 is ;I rectnngulor 
qundrilnternl twice as long in the direction of progress as it is 
wide. The conipilrisoii of the values of IC, in figs. 1 and 2 shows 
tltut sliorteiil~ig a rectniigulur qu;idrllaternl in the direction of 
progress iticreiises i t s  strength. A comparison of figs. 1 and 3 
Y ~ U W : ~  that  extending n rectangular qundrilnterul in the clirectioii 
of progress weukeus it. 

Such 
short quadrilnterals ure in general very strong, even though bndly 
distorted from the rectnngular shnpe, but they are not economicti1 
11s progress with them is slow. 
36. Fig. 5 is badly distorted from n rectungular shnpe, Init is 

still a inodcrntely strong flyre. The best pair of triruigies for  
carrying the length through this flgure are D S R and IZ S 3’. As 
:L .rule, one diagonnl of the qundrllnternl is comnion to tlic two 
triiinglcs forming tlie best pnir, nnd the other t1iugoii:il is coiiitnoii 
to the second best pnir. I n  the unusual case Illustrntccl in flg. 5 a 
side line of the qundrilnternl is common to the second best pnir 
of triangles. 

37. Fig. G is uti exntnple of a quntlriliiteinl so much v l i~ i ig ; i t t~~ l ,  
and therefore so weiik, that  i t  is not nllowuble in nny class oi’ 
t rlnnguln tlon. 

38. Fig. 7 is the regoliw tlirce-sitletl, centml-polrtt figrirv. I t  1s 
extremely strong. 

39. Pig. 8 is l l ic  rcywlrir fonr-sldetl, wntral-point figtire. It is 
very much weaker thnn flg. 1, the corresponding qundrilnternl. 
40. Ii’ig. 9 is the re&wlar flve-sided, centrnl-point figure. Note 

that  it is much weaker than any of the qundrilaternls Rhown in 

41. Fig. 10 is ti gootl cwtnililo o f  I I  strong, quick expnnslon from 
a base. The expansion is in  the ratio of 1 to 2, 

42. Figs. 11 oiid 12 a r e  given ns n suggestion of tile niunner in  
wvl~icli, in secoiidnry and tertiiiry lrinngnlntion, n point (A), dif- 
ficult or impossible to occupy, niny bc used as n concluded polnt 
common to several dgures. 

35. Fig. 4, lilw fig. 2, Is sliort in the dlrectloli of progress. 

flgs. 1, 2, or 4. 
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7 
6 

1 4 . 1 ~  13.--hll HtutJons occuplcd. 

( A  strong nnd qulck 
expansion flgurc.) 
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~ Y G .  14.--(:i=iitml hlatlon not 
occilplcd. 

43. Length of lines.-‘l’lie lo\ver llniit of leiigth of line i s  fixed 
by two considerntions. 0 1 1  very short lilies i t  is dimcult to get 
obscrvntions of the cleg’ee of iiccurwy necessary to dose the 
trinngles within tlic required liiiiit. ‘t’bcy rcquirc cslrerne crtution 
in centering and plunibirig sigii:ils so tliot nll eccentricity due to 
these causes mny be avoided. , Very short lines ure npt to be 
ciccompnnled, thougli not nccessa1~jly so, by poor geometric con- 
dittons 11s expressed b y  lxrge vnlues of 12. The estreine l o w c ~  
limit flned by these two colisiderations slioulil be avoided. Thew 
is no udvantngc in so fiir tis nccurncy is concerned in using very 
long lines. Long llnes !ire apt to introtlricc dclags, due t o  sip;nnls 
not being visible. With loti:: lines sapplcuientnry stutions to reach 
requircci points in  all portions of the flren cover~d are much 
mom upt to be needed tlinn with short Ilnes. Therefore endeavor 
111 hying out the mnin schrmt~ to use the rconoinic length of lint- 
ilint is, endeavor to  use in  each region lines of such lengths 11s to 
innke tlrc total cost of reconnolssame, sigr~nl building, triringula- 
tion, nnd base Lncnsiireineiit LL niinlinuin for  tlic iirett to Be covered, 
hWbject to the lixnlt:~tions s t a t 4  in these instructions. 

44. Frequency of bases.-If the churncter of the country is such 
that a bnse site can be found ne:w any drsired locntion, ZR, 
between bnse lines, o r  bctwcen n bnse line nntl II line of precise 
or secondary t r h n y l n t i o n  used as n bns~ ,  should be inude nbout 
130. 1’111~ will be found to corrcsporid to n cliciin of from 10 to 35 
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triangles, uccurdiiig to tlic strength of 1 he figures fiecured. With 
strong figuiu?~ but fcw buse4Ines .will be needed, nnd n correspond- 
ing savin:: will be ninda on this part of the work. If topogrnphic 
conditions ~iiukti it dil8ciilt to secure 11 b:ise site at the  desired 
location, Z l i ~  niny be allowccl to approrich but not exceed 200. 
There will 1x3 clunger when thls is done thnt a n  inteiwning b n w  
will be necessary, for t h e  reason stnted in the next fientenctb. 
If in any cuse the discrepancy between ndjncent buses (either 
mc:nsuretl hnscs or lines of precise or secondary trinngulntion 
used 11s 1):ises) is found to exceed one part in 6000, nn i n t e i ~ e n i n g  
base mu& be nietisuretl or the intervening trimgillation streiigtli- 
e n d .  

45. Base sites and base nets.-A base may be meusured over 
rough ground and steep slopes wit11 steel or invnr tapes wit11 t l r r  
degree of accuracy specified in the following parngrnph. Smooth. 
level ground is a convenience, but not ti nccesslty, for bnse ~nrtis- 
urement of this grucle of accurncy. There should he no hesitancy 
In placing the base on rough ground 1f by so clolng the fieomctric 
conditious in the base net are improved-thnt is, vnlues of H 
made snialler. Tlie length of u bnsc is  to be determined primarlly 
Iiy the deslrability of securing sinull values .of R I n  the bnse net. 
The longer the base the easier i t  will be found to  secure~smrill 
values of R, and the smaller the values of R the longer the chain 
of triangles tlirougli which the lengths may bc cai-rled bcfore nn- 
other b u s  bccoinev necessary. Tlie bnse ndt shall consist of n 
figure or figures of the mnie charucter und mhject to the suxne 
conditions us to strength a~ the main schcine prcvlously described. 
If the net is made up of two or more flgurw they may overlnp in  
space, but there should be no overlapping of flgrlres in the senw 
of the air;tencc of observed llnes which tic togetlicr the 8epnrnt.e 
figures. Urokcn bases nre permirsiblc whcn found advuntugwus. 

46. Base measurements.-h base nieasiirernents select uppaintus 
iind methods wliicli inmire tlint the coilstunt error doe8 not ex& 
one part  in  30OO0, uud thut the occidentril emors nre not greater 
thnn that repivseuted by a probnble error of one part in 10OOO0, 
In the l e i i ~ l i  of the bafic. No difficulty will be .encountered in 
keeping both cinsses of errors wftliin these Ilnlits, even If the 
incusurcnient is over  rely rough ground mid steep slopes, pro- 
vided thnt the verticul meusiiremcnts on steep slopes ore  i n n d ~  
with mfflcient uccurncy, that  two nieasureinents are mtidc of endl  
8ection of thc bnsc with GO-meter steel or invar tapes, nnd that 
the. &pcfj hnve been properly stnndurtllzed. llhe tape ehould be 
used on the field under ihc snine conditions as to tension and 



number of supports . t l i i i t .  obtained (luring thc stiindnrdbation. 
After tlie measurement of n base or  ti series of buses the tripe 
shonld, i f  ])rncticable, be returned to  the office for  restnnA:irdlxii- 
tion. 

47. Merisureii~ents nictde with steel tnpcs in tlnglighi , pfirticn- 
Itirly 111 sunlight, nre subject to constant errors in the determinii- 
tion of the tcil:l)c~rature by mercurial tliernioineters. These PITO~S 

uuiy e x c n d  3' C. and proiiuce n constant error In length as grcut 
tis one pnrt i n  30 Ma: therefore p~x?ference should be g l ~ e n  to 
overcast days when praicticiible, or to niensures a t  night. 

48. Birses will in  icnernl be rne:isnrcd by steel or lnvnr t i i p s  
suspeiided froiti stukes. Tltc tnpc lengths niny be marked on thcx 
tops of the sf:tlies by murk6 on copper strips or zinc plntes; 11 

5O-meter tal* should be supported nt  25-mcter or 12.8-nicter inter- 
~ i i l * ,  the  support (roiivmiently 81 nail in t h e  side of IL stnlre) hrinp 
i n  line verliciilly and borixontnlly between the  end supports. The 
w:i ller in t c r w l  should be used whenever the wind i R  tr,?iihlesomc*. 
Tho base tiips nre iisually standnrdizcd while being sul)port-ctd iit  

c ~ l i  of those intervals. When the topogrnpliy Is s~wh ns to rt!- 
qulre high end supports, the intrriticditite Rnppoi9 rmp br plucecl 
nlwve (never below) the griide nf the cnd supports nnil each half 
of tlie tnpe corrected for grnde. Two thermometers should he 
used, fnstoneil to tlie tripe towiird eitlirr end. Tlie tripe should he 
c*nrried clear of t h c  grountl. Two inensiireinents of n h;tw slioiild 
usuullp siiRicc?. Set bricks rind set forwnrds mny be mncle wit11 ti 
qunrtei*-meter scule and dividers, and where the Icngtlis run o f T  
the  stnlres, with n pncket tnpe hnvlng proper niihdivisionw. A ta l -  
sion of 15 kilogrnms should he npplied with n spring hnlrince 
tittnclird to the fnrwni*d (2nd of the tnpe. It ic prePernhle to iiw 

n coniplete t:ipe-stretching outfit, nH ilescrihc(1 m d  shown jn Illus- 
tintinns in Appendix 4, Report for 1910, hut n simple stnff inny he 
used ut  ench rnd of the tnge. Strlps of signril miislin iire satis- 
ft1ctor.v i n  fnstenlng the tflpe to ihe stnffs. Tlie iise of hard twine 
or rope fOJ* th;it purpose tends to twist the tnpe. 

49. The spring bnlnncc iiwd in the bnse incnsureineiit should \,e 
verified before nnd ufter the lnensurernent by compnrison wlth :I 

ware or Rtnndnrd spring balance, or with n Sttnndnrcl testing 
weight furnisl~ed for  that  purpose. 

60. Tho bnse niensnrements inny be recorded in '' Horizontnl 
$ingle " record li001ts by changing the headings or  in the  '' Traverse 
measurements" record bo015 (Ji'0i.m BDO). A duplicute of the 
base mcnmrement record should be made on computlng paper, 
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:ind :tittirhutl to the List of Directions. I < I I C ~ I  record of base. niei~s- 
lircnicnt sliould be prwctlcd Iiy it description o f  tlic InewurmiCnt 
\ l i o ~  ing wl i i i t  taprs were uscd, tlivir lertgtlts, cnrmcielits of PS- 

i)anslon, method of support, number of supports, tlic tenslon np- 
1)lk-d. how the tliermonieters were used, mid all litfortnutloti ncccs- 
sary to u clccir ul?dcrsbinding uf the ineusurcnimt. 

51. Form for record of base meuurement.--  

Frorii 
S t 3 h  so. 

-- 

NE.bm3 
176 I 176 

Time of beginning: 9h. 5m. p. m. 
Begnn at NE. bnso station mark. 
Backward mcnwro. 
Fifteen kilograms tenrJion nppliotl with qwhg  ba.lanco No. 170. , 

Tap0 No. 408 on tlirco supporlrr. 
Dnulanc:o tetltod nnd found correct. 
Wind. tnodetxto, NW., at right anglcs to l~ayc. 

Uridcr tho column of remark8 give nlso tho nainei of thc IMIROI~E 

recording nnd making tho forward and rear coritncb. 
62. Example of computation of length of base.-Siaiidaidi~tioii 

formuln for tape No. 403, supported at ends nnd in middle, wvitli i\ 

triision of 15 kilograms: 
0 to50 ni.=60 m.fK.32 iiiin.+O.:,(;R iiiin. ( ~ - l . ~ O . . ! i ( i  C.) 

:k .039 mm. & .033 mm. 
Twenty tape l m g t h ;  mean c-orrcrtad tcmpemtcirc. 15".58 (:. 

Nolurs. 
1000.1G64 

.Oll6 

.0133 
Set hacks, sum .......................................... - .0OG0 
Inclination corrections (800 table, par. 55) mm. ........... - .2283 
Length of base.. ....................................... 998.0570 

20 (GO m.+S.32 mtii.)=20 (50.00832)=. ................... 
Tcrnpcwturc corrwtinn: 20 (15.58-14.56) (9.5(8 mni.)=. .+ 
Sot fonwrdk, sum.  ..................................... .-F. 



68. In case the standard length is given for a tape supported through- 
out ita length, the catenary correction C‘ is to bo applied to each span 
of tape, n8 follows: 

Wticrci W=neiglit in gram8 per meter of tiipe (21.6 gram8 iur . q t 4  

Lqp~  in  use, 25 to 27 gnms for invnr tapes). 
~=liorizontal tenaion i n  gmms=15000 gram$ in g c w ~ n l .  
Z=lrngtIi of span in  metem. 

64. The follovkg publications of this Survey deal !!-it11 tape n i c w  
uremcnts: Appendix 7, Report for 1893; Appendix 3, Report for ICJOI; 
.\ppendix 4, Report for 1907; Appendix 4, Rcport for 1910; Ppccinl 
Publicutions Nos. 19 and 58. 

66. Inclination correction taEes_for 26-meter tape lengths.-( ‘oiwc- 
tion for inclination= -(Z-JtZ-V) where 2 is inclined distance 311d 

16 is difference of height. For 2125 meters nnd h in feet, the comic- 
tion for inclinntion= -. 00186 it2-. 000000069 h4- . . . . . The see- 
ond term may bo neglected for differences of lieiglit of 5 feet or I C S ~ .  

For 50-meter spans b k e  one-lmlf tho correction given in the table. 
For instnucc, for a span of 60 meters and a cliffcrenco in  elomtion of 
the two ends oi  the span of 2 feet (0.6096 meter), the  correctiou iL1 
0.0037 meter. 
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.35 .5481 

.3fl .MRl 

.37 .MlZ 

.38 .a42  

.39 .a73 
x.10 2.wY.u 

. I 9 7  

. 12411 

. 121'; 

. 1241; 

.1?4!1 

. 1'252 

. 12,s 

.IZW 

.12!il . 1204 

. IZRS' 

. l27I 

. 12il 
.1277 . IL'KO 

.I'm 

.12RIl 

.12U9 

.12w 

.1205 

. 1M 

.1302 

.1305 

. 1308 

.1311 

.1311 
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60. Selection of instrument.-I,:itlrer !I dlrcctioii or :I 1vpeut.iiix 
iiislrunient m:iy be iisetl in triangulation of this class. I n  select- 
lux the size of an instruinent to be used, two opposiug fiiclnrs 
iiiust he taken into account. I f  small, liglit instruments tire used. 
: i i i (1  il’ s t i i i  untl wind siiit4dtj are not used, then the weight: of the 
outfit. \vlijdi it Is ncccs:trJ: to tuke to a sttitioil will be light. 
:urd t h r  cost in tiiue tint\ moncy to transport the obsc:rviiig piirty 
:iiiCl its outfit will not be large. On the other huird, the ltlrger 
N I I I I ’  h . 1  trr the inatrunit:iit, the more fully it is protected f’roiii the 
si111 :tritl wind. mid the  more stcible tlie suppoi% ~il’ovlilecl S o p  i t ,  
tlic. snxillw will be the numhcr of observ;ilioiis necessary to 
s w i i r ~ ~  tlie reqiiired degree of nccurucy anti tlie shorter will bc 
the  observing period at the  station. 

61. Observations i n  the main scheme with a direction instru- 
ment.-Au 8-inch direction instrument (No. 140, for esniiiple) 
i i w d  on its tripod and protected froill sun and wind siingly by U I I  

iiiiibrellu will usunlly give the required nccurncg with two measure- 
rnentn, n direct :uid reverse rentliiig being consirlered onc ineumre- 
inent. Any two positions of the circle Inag be used with this 
iiistru!iieiit for which the settings 011 the i ~ l i l j i ~ l  sigunl iliffel* by 
:~pp~*osi~iicitcl.v 90” 03’. Thc bticliivard (nddjtIve) reudhig of tiit. 
riiicrometer oiily should be tuken in  euch positiou of euch micro- 
scope. At h a t  once :L mouth, as n test tor run, a few opedul 
wnclings bot 1 1  1)iickward ant1 fonvard shoultl be tukcii on varlous 
griidu;itioiis of tlic clrclv to deternilne the ruii of em11 ~nlcrotiictc?r 
:cncl p1xc:ed jii the record. If the  average vnluo of the run for 
either inicrouietc.r is foiiiid to be greater tlinii two divisions (four 
seconds), the Inicmincter shoiild be ntljuntetl for 1‘1111. Uiider these 
cwltlitions ctnd with the  specified posltlons of the circle the run  
wil l  1w eliniiuuted froin the  results with suficieiit cicciirucy by 
tlie proccss of triltlng means. For any other direction iiistrument 
t i e  system of positions to be used rniiy be selected with reference 
to  the  iiuniher of nie:isurements foiuid to be necessary. \Vith 
:my dlrectioii instrument whoi :i broken cserles is observed the  
iuissirig sigiia1.r tire to  he observc.tl Inter hi ’corinectlon with thp 
I’ilOSOil initiiil, or with some 0 t h .  one, :inti only one, of the signals 
:ilrencIy observed in thnt  series. With this system of observing 
110 loen1 adjustment Is nccessnrg. Little time should he spent iu 
waiting for n doubtful flfgnal to  show. If i t  is not sliowir~;: 
v. i t l i in ,  sny, one minute when wiirltcd, p w S  to the nest. A s11vln~ 
of tlme rcsiilts froin observing many or all of! the signals in each 
serlcs, prorlclcd tlicre tire no 1011,~ waits for signals to  show, but 
not otherwise. When the clevations of the sttltioria differ greatly 
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it is newssni’y to keep the l i o i k m t 1 1 1  iisis o f  the i n u t r u l n e n t  iewl 
iu order to uvoid large und troublesollie errors. The rncignltude 
of these errors for vririiius coiiclitioiis is slio~vii iii the t:ible iu 
i)urugruph 19. Aiiy releveltug should, of course, be done ktweelr 
positioiirj. 

Exuuiple of i u c o i ~ ?  is given below, 

62. Horizontal directions.- 

Station: Ountoii. 
Ubscn’or: -. 

Whilc Slone 
Point 

Polnl 
Whito S t o n o  

Out 

Gut 

b 10 

I 16 

White S t o 11 o 

Whlto SLono 
Poinl 

Polnt 

Ktcronsoii 

Slovenson 

Gut 

Gut 

Dntc: April 17 1932 
Instrument: S h c h  ihctodolile No. 140. 

0 ,  

0 00 

I W  In 

46 40 

2% 40 

70 35 

250 35 

87 us 
3 7  Ob 

270 OS 

110 05 

316 45 

1% 45 

346 40 

100 40 

367 10 

177 10 

DIU. 
07. 
01. , I  
05.0 
11.0 

07.0 
08. S 
10.6 

20.5 
23.0 
24. U 
a,. 5 

25.6 
24.6 
23.6 
26.0 

03.0 
00.5 
06.0 
05.5 

a. 0 
06.0 
OB. 0 
07.0 

24.0 
22.0 
20.6 
3.0 

22.0 
21. h 
18.0 
22.0 

12. a 

- 

1 1 . ..I 
Ili. 0 

III .  0 

25.0 

49. 5 

Tr7. 5 

M. 0 

.l!l. 5 

12.5 

11.5 

11.0 

13. n 

40.0 

43.5 

43.5 

40.0 
-- 

I 

13.8 0O.Il 

22.0 os.:! 

51.5 3 . 7  

40.8 36.0 

12.0 00.0 

12.0 00.0 

l i  
I .  

14.8 32.5 

L 

E 
d - 

11.8 BJ.6 I :  
I Each division oftho mlcromotcr corrr-sponds to 2” 01 iiro,nnd therefore tho “lncnn” 

for this inrtnimont i u  the sum ol the t w o  r ~ ~ ~ l i n ~ %  
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63. Observations in the main scheme with a repeating instru- 
ment.-A 7-Inch Herger repenting theodollte used on its ow11 
tripod and protected from sun and wind by :in uriihrello wlll gi\'t! 
the  required :~ccur;icy with froni o w  to two sots of d)servntloirs 
ou e:icli :ingle, c~:icli set of obscrvcitions consisting of six relicti- 
fioiis on thc ~iiigie, witlt the telescope in the direct position, nntl 
six repetit ions 0 1 1  the rsplentent of thc riiiglc, witli the telesc*ol)c 
in  tlie reversetl position. Tlils is the type of reIh'ijtiilg theodo- 
lite reconi~noritlec~J for twtinry lri:it~gul:ition i n  :my rcxgion i n  wltich 
the conven1~nc.e of transportntiotl or the Iiistrriinent Is rtn im- 
1)i~rtnnt coiisitIci.iitioii. 1Vieii the c~1er:itions of tho ~t:itions cllEer 
gre:Ltly i t  is uecrswry to kcq) the horizontal :iris of the instrn- 
ment level it1 order to xvoid lnrge : tnA troublesonir! ClTorS. (See 
tiible in piirngriiph 79.) r ; ( b d i n g  ut:iy k tloiie Itcilwcen sets 
or bvtwcen the selxirntc :ingle ~nensnrcs of :I set ; thiit Is, when 
1he lower cliinip is loose. With any  repcatin:: thcodolite, mcns- 
lire only the singlc angles lwtnwn nrljiicent lines of the miiiii 
scheme rind the r111~;le necessriry to clo,se the  hoi-izon. In tlic 
c ( i i i ~ p : ~ ~ ~ ~ i t i v e ? y  i * : t i v  c';Is(' i t 1  \vliic.li tlw fiiilnre (if :id.iucertt s1gi:ils 
to sliow at  tlir s:iin(: tinw ~irtvc i i t s  crii*ryin; out this p~ngritm, m:ilw 
ns n w r  nit :ippro;ivh til it :IS poss1I)le ant1 tli(~ii tnlw the rern~tiniitg 
signrils in nriotlic~i* series topt thw with some one, nntl only one, of 
the signals ol)serv(~l in tlie flrst series, nncl ~nrnsiire in the new 
serlcs m l y  tlw sin&? i~ngles Iiet\veen ntljucent sign:ils i i~id the  angle 
tiercssiiry lo closc tlic hoi*lzon. \\'Itti tltls schcnic of' observing no 
loci11 ridjustnicitt is tirwssnry. cw!ept to tlistrlhutc ccivh horizon 
closurc unff~irin1y ~IUIOII:: tlici riiijdcs nicnsurrd i n  tlint series. I f  
the region i s  otie in whicli there is no greiit incnnvenicnce in 
triinsporting :L Iic~nvier iiistriimcnt , ant1 n IO-inch Gnnihey repent- 
ing t-heodollte or i in equivalent insti*iiment I s  used on t r i n t i ~ l a -  
tion of this cltiss; i t  mlll prohihly be fouiitl tlirtt one set of ob- 
servntionw cinnsistlnl: of three rcpeiltions on the $ingle nnd three 
on Its csplenierrt, will kw snficlent to secure the reqnircd accuritcy. 

64. A n  cs:unplt! of :t r~.c.oi*(l is given below. From this tlie re- 
snltli~:: Illt*ectinns shoitltl be n.~~ittcw 111 tlie " List of cllrections (' 
(Form X i )  without any other nl)strnct. It wlll be iioticed in 
the siintl)le, below that, in nclditioii to the usunl prnctice of reitding 
one repetition 011 tlie first nieiisiiwinent of encli niigle,' tliere is 
r.c.iic1ing for three rclwtitlons in ewli case. The 1:itter g11.c~ fl 
v:ilue of the  nnglc correct to wit.hin IO sccontls, wNch \>*ill check 
the re:tclin,n of the n i i n u t ~ s  fnr the six repctitiolls. Tlic i~:i(Iirtg 
of one repetition 011 oiie vcrtiier dnc?s not give n sufficiently ~ C C I I -  

r:itc chccl;. T 1 w  l h r  1 ~ ~ 1 1 l i i z  on lltrw i*cpc2111ions ns :I c.hccli O I I ~ J , .  
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65. Horizontal angles.-- 

Strition : Dnli. 
Island : Luzon. 
Oliscrver : - 

olJucts olxiorvod. 

. .-- 

Pct-Dol! 

(nog-ret) 

Dog-nat 

I3Ul-ICOW 

Kow-Bo1 

Dol-Pet 

39 

.. - 

4 - 
00 
60 
20 
40 
10 

15 
15 
35 
15 
25 

10 
10 
10 
'0 
56 
or) 

nn 
.Ill 
I O  

111 

20 
ltl 
:it1 
'10 
20 

- 

- 

P i  - 
w 
zn 
an 
20 

26 

45 
25 
26 

10 

20 
30 
00 

10 

20 
Dl1 
2u 

30 

3c 
41 
31 

- 

g 
.a 
- 

10 

40 
I:, 

20 

20 
25 

10 

2 .i 
55 
05 

21 
l i  

2€ 

4( 
2! 

- 

c , E  
- 

40 
26 

0 
55 

15 
30 

20 
10 

I5 
1.5 

- 

._ - 

B i  
64 
aa 

F 
- -- 
0 I ,, 

M 59 40.7 
44.2 

42 30 10.0 
OB. 2 

27 34 2'2.6 
25.0 

37 40 43.3 
41.7 

Lo3 I:, 02.5 
02.6 

IGO 0 

I I ,  ,, 

6-0.7-41. N 

l.0-0.7--U~.!l 

%.7-0.8-2'2.!) 

2.6-0.8- 41.7 

2.5-0.8-01.1 

3. R 00.0 

66. Observations on intersection stations.-A\ii intcrsWtlOn stti- 
t ion is one ivhich is not occupied und of ~ l ~ i c l i  the 1)osItion is (le- 
tcrmirictl lis ol)stwtiticiiis i i l ioi i  i t  fro111 statioos of t l i c  i i i i i i i i  sclieiiie, 
41r froin siippleiiicntnry st ,itions. ' I ' l i e  tlirectlon iiietliod of obser- 
vation slioiild be i i s t ~ l  i i i  c i lw i*n i t io i i s  upon iiitersectlon stntions 
w e n  if the tlimdollie is i t  rcpeuter. ICuch series of observutlons 
(111 iiitersectioii stiitioiis sIit)111d contuiii soiiie one line, and onls 
( ~ I I ( > ,  t ~ f  tlie iniiiii wlltwe (or  11 liue uwd I n  flsing tlic position of 
i t  supp1cinentur.v st:it ion). Such ti series of observntlons should 
cvmnience w i t h  thc svlcct cd line of the i i it i in sclieme, with the t e k -  
acopc in  tlic direct positiuir, ;\lid with tlie circle reuding upproxi- 
iiiutely zero. The hteI'SCCthJl1 at utioiis sliould then be observed 
iii order of nzliiiutli und tlir lirst linlf of the series closed wltli 11 



40 QESERAL INSTRUCTION8 FOR FIELD \YORK. 

reuliiig on the liiie 01' t hc A11;lilA sdieiiie. '1'11~ telescope sh~ultl tlic.ir 
be rcvei'sed und the SiIIAi(x process repeated i i i  ( l i t :  reverse O I ~ ~ I * . .  
begiiining ;ind eiidliig ;is hefort! \vlth t l iv  sc4wted hie of tlic ~ii: i i i i  

scheme. A secuntl ?ret of ol,ser\'iItiOIIS should I E  miitle t i11 e;ivli 
iiitersectioii stiltion I with the circle shiftccl i i i  position, say, 100" ) 
if this cull bo clone without llluteriiilly delayilig the p:rrty. I t  is 
important to 01)scrve tit letist three llnes to each intersection stn- 
tion iu  order to secure ti check, but i i  possible intersection stutioii 
should be observed upon even if only two lines to it cnn be secureil. 

FWIAI this the resulting 
directions should he wi?tteu in the " Llst  of directions " (Foriir 
24A) without oflier abstract. 

66. Horizontal anglee- 

67. Esnrnple of recortl is glven below. 

stntion: Rnt. 
Island: Nomos. 
Obsorvor: - 

. -__I_ 
- 

j T~I. 
Objects obwrvrd. Timo. I I). or i i R .  

1 '- 

Tree 
, a . m .  I 

0 . M  , I) 
, R  

i :  I k l l  tower, Olon ~ 

1)sts: Jnuunry 10 1002. 
Instrument: 7 inch theodollte No. 1:i. 

0 ,  

0 0 0  
180 00 
21 18 

201 1s 

176 13 

20D .59 
29 59 

Peak ?i 1 I I) j 211 i t  
1 R I 61 io 

,I  I I I  I t  I ,I ! a  I , , :  

30 M 
40 30 I 30 I 21 1s 85 i 
10 30 I I I 

20 +10 176 13 30 I 

60, Eccentric stations and signals.-Wlienever R stntion is not 
occupied centrally the distance and directlon between the eccentric 
station and the center of the statlon must be cnrefullg measured. 
A sketch, showlng the relation between the two stations and nlso 
to one line of thi? indn  sclieine of the tritlngulntion, rimst be en- 
tered In the record booli und also on the list of direction8 form 
for  the station. If the sttition is a llghtliouse, t h r  eccentric dis- 
tance ciin be obtalned by iiietisuring the circuinferencc of the tower 
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froin wliicli the  radius can be computed. The length of the 
ixclius added to the distance between the eccentric station and 
1Iie newest. point of the tinver gives the eccentric distnuce sought. 
The direction to the center rutiy be chtiiined by obRervlng upon 
cucli side oi the tower nnd entering the results in the rword as 
left m d  rigtit tangents. The niei1n of these two directions is the 
direction to the center. The eccentric iingle should, if lmicticable, 
he nieiisured from the strition used as the initial iu the regular 
observations. 

70. If tlie par t  of n sigiinl upou which observatiom hare h e n  
ninde Is eccentric, the eccentric distnnce and direction must be 
incasuretl and entered in the record ant1 on the  list of directloiis. 
The eccentric: dirctnnce for n signal I s  usually 811i:i11, und i t  1s 
suiiicient to  stttte thut the pole is off center - iiicters on line 
und In tlie direction to - stution, n stntioii of the iiinlii 

sciienie or un Intersection stntion. If the eccentric station is  not 
in a line betwet.11 the center and sonic other stution, the eccentric 
dirituiice cuii I)e giveii, :uid then i t  should be ttddetl thtit it  is - 
iiieteiw to tlic? north of the line to - statlon. 111 itny evelit 
the eccentric distance aud dircztion must be inerisured with the 
grrntest ctire. Making the uieiisiirciii(?nis twice will nearly 1\1ways 
insure against mistakes. 

71. Observations on large objeatr.--\\’Jieii siglillug ai n giis tcinii, 
standpipe, lark- chlinney, or other object which hns n lnrge dium- 
eter, it is oftc!ii best to observe on the two sides,, right niid left, 
and enter the  observations in the record book us left rind right 
iongents to  the object. Tlie niet:ii of the two obwrvntionu will 
give the dlrcwtioii to tlie center of the structnre :uid should be 
used in tlio coinputations of the triuligles. 

73. Observations on indefinite and temporary objects.-Ol)sei‘v?i- 
fiolls mag cio111c4tinies l i e .  iirtitlc upon i~itlcfliiitc obJectr;, IIS, for 
wimple,  mounttiin or hill tops which arc! conipnratively fllit or 
\voodcci, or upon points \vhicah w c  tcniporury in nnture ant1 iiot 

iuiirlwd ulmn the grountl, sucli tis fliigs i i i  trees, etc., ivliich are 
I O  lie usrd 11s hyclro,~rnpliit: aind tolwgrapliic sigiiiils. ‘The clirc?c- 
tioii nietliocl of obscrration siiiill bc USLA in  1111 such (IIIN~S, well if 
the instrunleiit is a repenter. One series of obwrvations, such ns 
is clcsc~ibctl in Iinriigrnpli GG, Is ti11 tlitit Is necessiiry in sucli 
cases. The two pointings, one direct uiitl tlie other revwscrl, H1-e 

neetletl to clieclc tlie degrees nnd minutes of (lie direction. Tile 
indeflnite objects niiiy be observed in tlie Sanie series with other 
iutersection statlons. Ench pointing u~mi :in iucleflnite object 
should be clcnrlg nirirlred ‘‘ iiitletlnitc,” and rill topogruglilc nnd 
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hydrogrnphlc points not Iierni:ineiitly mnrlretl upon the  ground 
shoultl be mnrketi in the rccnrcl wit11 n circle and n dot. For 
ohserv:itlons 04 these two clnssw R grnpliic trentinent wlll fre- 
quently be nll that is clcslred, and hence the nsressity of dis- 
tlngiiisliinl: tlieiii from other point8 for whicli n complete coni- 
putntion inust be niude. In selecting Indefinite points to bc ob- 
served i t  should be borne in mind tliut an npproxiiuntc determi- 
nation of the position of 8 proii~liient monntnin 01' hill too far 
inland to be iticluded in  the friitgc of topography tilong tlie 
const, or : in is:and far out from the const, is frequently of con- 
sltlrrnlile geographic vulue. 

73. Indefinite or other iiiioccupietl stntlons whlcli h v e  been ob- 
M(:~VCYI upon f'rom two or more stntloiis iiiust have their itlentlty 
c~stiiblishod 111 tlie record el tlier by incnns of sltctches, cstimntetl 
tllattrnccs, or descriptive. notes, so that  they :my be plotted or 
colii])utetl without pr0linl)ility of cwnfusion. Ail object tippenrlng 
i n  inore tliun one Ilet of directions must bear the simc name or 
c1rsigii;itioii I n  c.:it.li. hriy churnctoristlc fwtures  of Iillls, nioun- 
tnins, c1iiirc.h sl)ires, 0 1 .  other objects wlilcli \\~ouIcl i*entlur thcqii 
$V)(Jtl In~it lmt~ r l s  itlust he clcwly noted, n s  sncli noter; iire oalu- 
nblc I I I  cltnrt construction nntl 111 ItJalrok?nphic work. The loco- 
t iwi  o f  proiiiineiit o1)jvc:ts tiii(1 tlie cletcrinlnatioii of elevations 
o f  :nonnttiins nre to he consitleiwl iiulmrtant gnrts of the work 
c~scscmtin~ to the  completenew of the survey. This work is to bc 
clout: (VNI \\-lieu the objwts rind niountiiiiis iire beyond the  limits 
o r  the :irc':i t c i  t J l !  sur~ryerl. In llie case of imperfectly Icnowi~ 
regintis ttiripnits shoiiltl b r  lalwi to poiuts atit1 islnntls outside 
of t lw reginii l t i  lie s i i i w y c y l .  

74. Value of intersection stations.---In selecting iiitwrtectioit slit- 

r!otis i t  sliciiiltl \)e lielit i t i  i ~ i ln t l  tliut tlie geogrnphic value of i i  

t r1:iiigiilat lori t l q i c ~ n t l s  ulicui the! i inuil ,cr of Imlnts clett.rniinet1, the> 
size of tlw :IIV:I OYCY \vliicli t h * y  ; I I Y  tllstrlbutetl, nnd the par- 
nxiilence \vil l i  \\.hitrh tliey III'C ninrkt.tl. 'l'lie ceogwpliic r n l w  o l '  
11 t i ~ i : i ~ i ~ t i I ; i l i n n  is lost frir :I givctn a ~ : i  when strltlons ctiii not be 
yecn\.crrul ivitl)iti t l i : i t  : I I T J L  'I'lit! chiicci o l  Iic~rniiinency is i i i i ~ i t !  

grcqtcq. hy incrc.nsiit:' the iiuiiihor of stations iis well 118 by 
t.hol:ollgli nin rklrig. For t l i e  iwisons stnted thcl*e Slioiiltl tie tlcter- 
Hii i i (y1  ;II( iiitivswtiiiii stiilions n i t i n y  nrtitiuinl ciIifec!ts of II pev- 
marlent chit i.nc.tc.i. suc!i l is  lipl1thoudc.s. cliurch spires, cnpolns, 
towers, chimneys, ;m1 st'nntlplpew. hliiIw the  description deHiiitct 
wliencrer pructicnble. Instcntl of clescribing the object n s  '' c4iurch 
spll'c " n?th the nnmP of the tO\vJl. Il l l lkl2 i ts  identity (!ef-ttlln by 
girlrig $troet locritloii or clcnonilnntlon of clirii*cali. l'liertb slioulet 





79. See ~iut~ugraplt ,% u n t l ~ r  tlie heaclinfi. '' Standard iiotes for 
use in clescrilJtioiis of slutions." 

80. Reference marks.--'l'wo ~~eriii:itietit rciereiicc ru;irlts aucl scv- 
ern1 witness uiirlrs slioultl be established n t  eiicli nuirked stntiaii. 
'i'hese niurks shooltl be referred to the? stii tloii by tlleotlolite ~iugles 
:tud tape distiuices. The object of tile reference ninrks is tu 
serve iti pkiw of the stiitioii iuuri;, if tlie latter sltoulcl be de- 
stroyed, nnd :ilso to serve :is :tit iiid in ~ h t t  rccovcry of the stiitloii 
tiiiirli. The refcrencr! iuurks sboultl, tlicrefure, bc pI:iw(l i n  secure 
positions, It' practicable, nnd the directions anel liori&onLaI (no1 
iitclinetl) tlistnnctts front ,the slution to tlietii sliuultl be iiiea*ureti 
with grwt  uire. If the stirlion is 011 it sltore \vlticlt is 1i:tble t o  
zr(,stou, the referelice iiiurks should bc pliiced sonic illstniice, say 
more thuii ?.4~ iiieters, inlwrl.  If the station is in n field, th(A 
reference niiirhs should be plnccxl in n fciiee lltie, ou the edge of 
ti rorid, or in sonic other plnce where (hey nrc? not 11kel.v to I.IP 
distut~bctl. I n  ch: i ch  rrferencc? block o P  concrete or rock shoold IN. 
placed R stnnclnrd nietnl reference inark whfcli I n  sltnilnr to th r  
stittioti ni:trk, except t l tnt  i t  I::is :III nrrow i n  Its center instend of 
:I triiitigle, : i t i f  c:ontiiitis the ~rortls " ref'ci*etice nitirk " instend of 
" tr i : i~i~i iI: i t ioi i  ntii tlon." 

81. Wliere the shore nnd the nren 1)ItcIi of i t  nre innrshy, the 
stntion and reference ntui'ks inn)' be ninde :is follows: nrive n 
ptew of scantling (pwfernbly cme 4 inclic~s sqnnre) into the 
tiinrsh :inti let Its fop pr0jcv-t :ilmut 12 inc*lies. Set over this 
pyojectiiig end n drnin tile, the lmllcnii of whic!lt is innde to 
estriiil nlmiit Fi iiichw lwlow tlic siirf:ice of' tlir nuirsli. Sw~ouiitl 
(lie bottoiit of the tilp niicl f i l l  it with vnncrete, :ind set one of 
the stmtlttrtl 111ur1cs fn the top of llie tile. A s  ilic? wood 18 pw. 
twtetl from the nlr it 1s belleveil that  it will last itinny yenrs, 
l'hc fiict thrit the ninrk projects froin I to 2 feet wlll  -:\id tn Its 
recowry. 

82. Witness marks.-Tlirse nre nsctl 1)i-iin:iriIy to r6covc.r f l i ( b  

x.c~ueriil kJCalitg of n station :ml nlno to  find the Rtntion mnrk, 
wlietliri* surr:ice or untler~i*onrtil. q!liey nmy, therefore, be Iiulefl- 
iiltc., sitc.h :IS the ntoulli of :I c~*ec.li, :i f(*nce rwnei', corner of :1 
bnrn or othc~. l)uildittg, trli~llglt~s cut i l l t o  llte b;II'Ii of lr'ccs, nlctl1titl..: 

of enrth, &e. I n  general, the clistnnc!~ froin tlir stiition, :is 

iitc.nsurc?tl over the snrf~tce of tlie groitti~l, ai'(' si~l€i(~ient in  tha 
tlescriptlons rntitcr thnn the 1icwisont;il illstrince. T l i p  tlistnncm 
iirrtl ilirc*ctthns nred he only niotlcrntcly itccurritt?, I>ut tlwy sli~iultl 
be free froin gross errors. Thc objects uscd :is witness rnnrks 
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85. Descriptions of old stations.-If che c?sistiiiz description o f  
ail old station is not exact $is to the present. topography iiround riie 
station or as to the marking, :i ~iew description sliould be 1)repured 
and iiinde coiiiplete in itself. Tlie new descriptioiis of the old slii- 
lions slioulcl IN iiiutle on 1 h - 1 ~  TlG, ccillcd rwovery note, triiiiigula- 
tion station (see suniple o i i  1). X),  iintl should bc writteii \vitB 
:i typewriter if Im.s%ible. Oite of these recovery note8 sliould bo 
filled (jut f o r  every station visited wlietlier tlie station \viis re- 
covered o~ not. Do not rcyort :i st:ilion 21s losl u ~ i l ~ s s  :i very 
thorough scurcli 1~1s  bceii ninde. 111 case the station ninrk foulid 
differs from the niurk giveii in tlie dewriptioil furuislieil by this 
oftlce, full dettlils should be stated iu the recovery iiote. 

86. Description of stations.-lksc:ri Iitioiis sliu I1  be f iil'liioliet l t )1' 
id1 inurlml stations. Vor encli stlition wliicli is i i i  itself 11 IUW!:, 
:IS are liglitliouses, cliurcli spires, C U ~ ) O ~ U S ,  to\vers, Iiirge cliiiniie)-s. 
objects v:il~able for futui-ct Iiytlrogrnpliic signals, rliarp peitks, tttc.. 
tsitlier i i  desc*ril)tioii iiiust be furiiished or the recortls, list of direc- 
lions, iiritl lists ol positiolis uliist IJC itifictc! to s l w ~  clciirly in coii- 

itcctioii lv i th  eucli Ixjitit lis syrciiil words or ~ilii~t~ses, if neyssiiry, 
the exact poiiib 01 t l i c  striicture or ol))c!ct. t o  \vliicli tlic liorixoiiia~ 
i i i i d  vertical I I I ~ ; I ~ I I I * ~ ~  rcfcr. l.;vci*g I:iilcl sect ion u)riiei. coiiiiecled 
\villi llic tricingulatioil I ~ I U S L  I)c fully clcscrilictl. The 1)urpose C I ~ I  
the clescrilJtiou is to ctiiul)le w e  \vIich is uiiftuiiilinr wiUi tlic locxiity 
to find the exact point tlelerniiiiecl cis tlic stiitloii uiitl to know yosi- 
tirely tlirit he lius fount1 it. Svtliing ~ l i o i ~ l d  bc piit i i i h  tlir de- 
scription that cloec; not. servc! this liurpose. h sketch i s  iiot iieces- 
snry, for  tlie clesci-il)llori ciiii esl~rc.ss i i i  \vol'cls 1 1 ~  csseiitiiil Pyc~s  
\ r l~lch would be rjl1ow11 on tlic skclclt. There is 110 objection to II 
sketch being iiiude, but llie written clcscriptioii i i i i i s l  IK! coni1)lrtc 
without it. 

87. 0111y o i i e  copy of  lie clcsci.il>tioiis of st:itions iiccvl I J ~  rjc.nt to 
the ofIlcc but tl~csc descriptions iinist hi! on l'orin 5% (see s i l i t i p l t :  
tlescription 011 1). 50) rind shoultl be \yritten on the typewriter if 
possible. The csseiitiiil infornirition \vlilcli slioulcl be couti\itied iii 

11 dcsciription is 21s follows : 
Loculity ( , y e ~ i ~ ~ i ~ i I  aittl p:ii*f i ~ u l i r r ) .  
If OIL' 9)1 n t t e d .  
/)iafcotccs (by i i i g ~ )  tuid dil.eclioizs (by  theodolttc) froit1 center 

of stiitit.)n to ref'c?rencc and \fitness mnrks ; and, If necessary for 
the recovery of the station, divccfions o~ iilaguctlc bcoritiys to 
proiiiinciit objects in  the  vicinity. lmycnfs to  yoiiits, islarids, etc. 
IU any sct of dircctioiis to p~*oinliient objects tind t o  refercuce : t i id  
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\vitiiess ~irurlis, $1 iirain sc4ieiuc or iiilcrscvtiori stntion sl~ould be 
iised as the IiiiLial. 

Xotes tlescriliiiig the ninrks wliich :tr(’ giveii i n  1)tirngr;iplis 92 to 
! )5  i ~My be Ivferred to by nuiiiber, t l i i i s  I(as;eniirg tile riiiioulit ol’ 
work 1ieccss:u.y in writing the ilwcriptioiia. \\‘lierc~rer riii es~oli- 
I ioiinl iiiode of inarkilig is  uwd, tlic I I J U I , ~ S  iiiust be doscril)cvl i i i  

full. The iiotcis in pziriigraplis 92 to 9.i c~iver tlie vrii*ioiis ~ i i t : ~ h ~ d s  

of iiiiirking iiow i i i  geiietnl use by pirlies of’ this Survey. 
Y‘ltc 1iei.W ribore the sttilion iiiiirlc o f  t lw top of (lie signal pelt., 

:tiid of m y  other pnrt of the sijiii;il 1il;ely t ( i  bc uwietl i n  O t l s w \ . i i i ~  

ver’ticnl tl~gles, slioulil be iiieasui*ed i i i  ~~ ie to i~s  i i i i d  ceiitiinc?ters :ind 
so stuted in Uie “ Descrilition of slatioiis.” 

88. Standard notes for use i n  descriptions of stations.--‘l‘lie fol-  
lowing notes 011 the nirirkliig of stntions airv ni:ide 11s genenil tis 
possible in order tlint i t  niny not be necessary I I I  tlic tieltl tu tle- 
scribe siiinll aud unimportant rarintious. Fur inst.iuice, ]io tliiiieir- 

sioirs a re  glven for  the dlfl‘ereiit concrete blocks tuid bu\rlder$, 1 i u L  
it is uiiderstood tlint they will Ii:ivc II  w l i i i i i ~ ~  ui‘ I IL  Icust 1 or 2 
d i i v  feel :is I I  gaicrtil rule. Altiiougli it is not stuted in tlic ~iolcs. 
the siwfuce nud rePerencc iu~irl;s slioultl p v i i j c v t  n litlle iihiw 1 1 1 ~ .  
ground, say froui 1. to C iiiclies. 111 the i i i ) l e s  i<i\gui,diiig i h e  uiitlcr- 
qouiitl iiitirlcs tlie clisttuict! of‘ tlie miirlr I)eiu\r tile surfucc ol‘ 1 1 i t s  

gron~it l  is st:itcvl :is 3 feet. l‘liis priil)iil)ly rqireseiits closely Llit! 

xverage vnluc:. Uiilws tlie riirird ioii f i ~ ) n i  this u i l a c ?  esceutls (i 
inches it need not be stated in  1111: t1rscril)tioii. 1 ~ ’ I i ~ ~ i i c v w  :I t y p :  
of n~: i iM~ig is 11sc~d which is not covcwtl by tliesc notes, 1 . 1 1 ~  iutirks 
used sl~oulcl be described in tlie record. 

89. The stnud:u.(l triiilijiii1;itiuii tli?lc s1:ilion iuarlr rt!rerrotl 1.0 i i i  

the following notes consists of n did; : i i i d  sli:iiilc tiinde ol  h s s  
rind cnst in one piece. ! h e  disk is 90 uuillinietcrs i i i  ili;iiui!t~.r. 
wit,li u snmll hole iit tlic centctr suriwilided by :I 2O-iliilliilivu~r 
equilnteriil ti*iiingle, and I i m  1 l i c  fullowing iiiscriptioii : “ I:. S. 
Corist tirid GeodcbtIc Surrcy triiiriguliilloii station. For i i i  foriiiii- 

tion wrilr? to Siipc’rintendcrif, IV:i~liiii~;toii, D. C. $?25iu fine or i i i i -  

prlsonment for disturbing this iiiarl;.” 0 1 1  nitirks est~ibiisIied i i f trr  
i lie yen]’ 1920 the word Director w l l l  sugrrscdc the w o i ~ d  Siq)c+ 
intendent. Tlic slinnlc Is 25 11iIlliiileter~ in tliniiirl‘w n i i d  SO nillll- 
iueters long, with u slit: a t  tlic lower end into wliicli n wedge is in- 
serted, so thut  wlien i t  is driven into n drill hole in the rock it 
will bulge at the bottorii and hold tlie inark securely in pltice. ( SM! 
1)tlr. 91.) 
90. Tlie nntliority for the wnrniiig c~onc~ernhi:. punisliriicut for 

tllstiirbing the mark is contninrd I n  i i i i  nct of Congrrss, iipprnvwl 



,~lorcli  4, entitled “An net. to codify, revise, ruid nmcwl 1 1 1 ( ~  
pCllrrl klws o f  tlic ~ ‘ n i l i ~ l  Sttlks,” rlnt l  reatls 11s folk~n~s : “ \Vho- 
ere!* * * shnll \villfullF (1efnc.c. c h ~ n g e .  or rCiiinw any 
~iionuincnt o i ’  lwiich Inn rk of tiny Ooverriiii1m1 survey Fjliall be> fiiwtl 
not iiiori! t h n  $250, 01 ‘  irilprlsonetl no1 I I I O ~ I ’  tliiin six months, 01’ 

both." 3.i.St;itritv IOM, srctioii .57. Nriiry St:ites 11:ive nlso t’n- 
tictcyl ,:idditionol I:IWS, i i i i i c ~ i i g  thriu Iwing Crillfornia, Connecticrir, 
t;eoi*$ri, Illirrois, Indinnri, Atnine, hI:~rylnnd, 3Inssiwlinsetts. 31111- 
iicsotii, 3li~~liig1111, Missouri, Alisnissigpi, Kew Hrimpsliire, New Jer- 
sey, Ohio, Oriyon, Soti 1 h Cn 1.01 i n n ,  Tcbnncsstv, Yermon t . I’irgiii i : ~ .  
;uid West Virglnia. 
91. The st:riiiltinl disk refci-ence inrirlt rt~fei-iwl t o  i n  the f ’o l lo~v-  

ing notes is r i inlhr  I O  the st:intlrrrtl tlisk trl:iii~iiliitioli-st:itioir 
inrirk described nbore, escept t.li:it tlie celiter* of tlw disk is i n -  
scribed wltli :in arrow instetid of wit11 tlw triaiiglct nntl thnt thi, 
\rortls ‘‘ refereilw intirk ” I-eplnce the \voi*tlu “ tri:ingiilntion stntion ” 
in the inscription. A sliort perpeudiculnr groove :icross tlw shrink 
of tlie nrro\v inilirntcs tlir point to wlitcli tlie me:iaiirements tire 
nindc. TIIP ni:irk Is silt so t l ~ t  the : i i ~ o w  pointr toward the stii- 
11011. Bot11 s t ~ l t l o ~ i  nnd i-ef(?i~eiice innrks slioultl 1i:n-e stninpal 
up011 the top, by I I ~ C ~ I I I S  nf stwl tllc~s, 11w n:iiiie of llir stntion :ind 
the ycnr of its oriyinnl lowticnr. 
92. Surface-station marks.- 
Notc 1.-A stnndartl tllsk stritioii m~rl t  set In  the lop of ( 0 )  81 

sqn:lr(> I)lork nr ]>itst nf coii(.rrtv, ( h )  :I ~ ~ u r i ~ ~ * r l r  r?.lintlcr, ( f a )  :in 
irrcyulnr iiinss of concretc. 

-4’o.t~ .$?.-A sfni~t l : i~- t l  tlisk s1:itioii ~ i i n i ’ l r  \~~edgc!cl i i i  :I tlrill Iiolt. in  
outcroppiiif 1)rdrork ( 0 )  nnrl sni*roiindrd hy t i  triangle chiseletl 
in the rnrk, ( b )  :intl siii*i~ounAccl 1,y n clrclv cliiseletl in the rock, 
( c )  tit the iiiterscction nf two lines chiseled 111 tlir! rock. 

n’otr: 3.--A stiindnrd disk stntion mnrk set In csoncrete in $1 dv- 
pression in outcropping bedrock. 

.?Tolr: 4.--.4 starirlnrtl dfuk stntion mnrlc wedgal in :I drill hole in 
2t bowlder. 

x o t c  5.-,\ strind:ird disk station mrirlt set in concrete i n  n de- 
pression in  :i 1)owlder. 

A‘otc 6.--.4 st:inrl:ird disk stntion mark set in concrete nt thc  
center of the top of n tile ( n )  whldi is embedded in thc ground, 
( b )  which is surrounded by II mnss of roncretc, ( c )  whicli is 
fnstenrd by nieliiis o€ concrrte to the uppet* 1w1 of :I long wootlw 
j)ile clriveii into tlic ~iinrsli,  ( ( 1 )  \vliic.li is scl  i i i  :I t)li)ck o f  concrete 
nnd projects from ‘12 to  20 inches nlwve the 1IloCli. 
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93. Underground-station marks.-- 
-Vote 7.-A block of coricr(de 3 f w l  below the ground contnlnlng 

: i t  the center of i ts  iippcr surl';icc ( n  j II stnndnrd disk stntlon 
niark, ( b )  IL copper Iwlt projecting slightly ;il)ove the concrete, 
( c )  :in irori nni l  with tlic point projectlii~: iiborct the coiici-etv, ( d )  
a gl:iss bottlc with the iieck projccl.in:: ii little nbow the coiicrete, 
( c )  :in c3arllienwiire jug wlth tlie inoutli projecting :I little aDove 
the concrete. 

iVotc &-I11 bCtlI'Ocli. ( a )  ~1 stniitlnfxl tllsli stnlion itrid iiiurk 
\vcdgcd in u drill hole, ( b )  u stai~tli~rd disk stiitioii marl; set i l l  

concrete in II dqwession, ( e )  :I copper bolt set iu ceiueiit in a drill 
Iiole,or depression, ( d )  1111 iron spilie sct iioiiit up 111 ceincnt In II 

.cli*IIl liolc or dcpressioii. 
Note !).---In 11 bowlder 3 feet below thc  ground, ( u )  :L stiiiidiirtl 

tllsk station Imrk wedged in :I drl11 hole, ( b )  t i  stniidtirtl disk 
station mtirlc set i l l  concrete in ;I dq)rc.ssfon, (a)  n copper bolt set 
witli t!einent in :I drill hole or cleprcssion, ( d )  tin Iron spilw set 
1vit.11 ceiniant in a drill hole or depression. 

Xotc: f~.-J.;itil)e~l(l(!(l 111 earth 3 feet: Itelow the surfuce of the 
y * o ~ i i t d ,  ( u )  11 bottle hi uii upitglit position, ( b )  nn eiirtlieinvure 
jug iii ail upriglit 111)sItioii, ( c )  II brick in a horizontal positlon 
with a clrill liolc 111 its upper surfuce. 

94. Reference marks- 
Note 11.-A stiintl~irtl disk refercnce iutirli with the nrrow point- 

ing tomurd the stittion sc4 ut tlic center of Lhe top of!, ( a )  LL 

square block or post ( i f  concrete, ( b )  :I concrete cylinder, ( c )  nn 
iwegular ninss of concrete. 

Note f Z.--h stuiit1,irtl tlisk rc.i'erc?iice ruurli with t lie urrow poiiit- 
ing toward the stntioti. ( a )  wedgcti i n  n drill hole in outcropping 
betlrock, ( b )  Bet i l l  c.ciit(*L'c'tc* 111 it clepressioli ill outcropping bcd- 
mck, (c) wet1g:ctl 1 1 1  :I drill hole in  a bowl(ler, ( d )  set in colrcrett: 
in R depression 111 :i l i i iwldw. 

.d-ole [,?.-A st: i i i t l : i i . t l  (Ii:<I< rctertrncc iiiarj; wi'tIi tlic tirrow point- 
ing toward the statioii SOI i i r  concirete u t  t l i c  ccntcr of the top of 
:I tile. ( a )  which is cnibcdtlctl i i i  tlw ground, ( a )  which is SUI*- 

i ' ~ w i i k y 1  'by u miss t i l '  coircr~te, ( c )  wlticl~ Is fiistencd by iiienm 
0 1 '  r.giiic*rctc to the ii!~pei* end of :I long woodcti pile tlrivuii into 
t l i t :  ni;irsh, ( d )  \v111(~11 Is w t .  in :I block of conrrete rind pt*oiects 

~ C W I I I  12 to 20 i11c111.s : I ~ J O W  the block. 
95. Witness marks.- - 
Xote  ~.j.--~\ coniciil u~oiiti(I (if  ctirtli surroi1ntlc.d 11s it  circular 

trench. 
730"7" ---"1----I 
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Note 15.-A tree ~ncirl~ed with, ( n )  a triangulur bltize with i i  

! d l  at the center iind eilch ;il)eu of the triangle, ( a )  n squnw 
Iilcize with :I nail ut tlw center and each corner of the squrirtr, 
(c )  u blaze w l t l i  :I stnudiircl tlislc refermco nicirli set ut  its ceiitcr 
into the I i*ev. 

96. Sample descriptions.- 

I )ESCI<IPTION 0 E’ T RIANGIT 1 ,ATION SPATION. 
DLPARTMENT O K  COMMERCE, 
W. R. COAST AND GEODETIC SURVEY. 

Form 525. 

SurIn&station mnrk. h’otc. fb. 
Undergoimd-stntlon ‘ 

mnrk Note 7c. 
Referedm mnrk, S O k :  Ilb. 
Rtkrenm mark. Sote, 
~1tncs. i  mnrk . NOtr!, 
Witness mark’ Noto, , 
Height of slg)nel d ~ o w  stntioll 

1Ielgiit of tcloscopesbowrLnLioii 
mark, 1 inotar. 
mark, 1 1/8 metcn. 

I I Aimi t .  ..........._ I _....,_........ I 0 02 
IPfndmtll (north- 1 m r k  ..... . . 138 86 

I I I  rm one oJ.lu;o). 
IYiildmill. ... . . . . . 
RrJerencc m a r k . .  . . 81.68 nutera. Skl 918 mile. ._. . f 

DOtdlCd dWCrlphon: 
Neartirenollt l i~c~lnnendoJa highaaidyridgepattl c o ~ e r c d  with dd8,on alargefshmi 

k n m n a a h  em ~slannonthewwlcrns~eo~LagPrnn Ladre. ~ ~ c & t i a - r t k  western 
aMe of the i sgnd n7ld abut  nridway of  it8 lrnvfh north and south. l‘lieetutton i s  i n  range 
w i t h ~ h e l ~ l l a n q e n t o J t h c n o u l h n n m o r t  oneofa grou of ourtshndanboulb mf&ddL*tant 
in a noulh-aouthicurl direction and the lrfl Iclngeirt of% i land furat of the a o u t h m  cnd o/ 
t o p c n a  Iaknd .  

Doscribed by E. R .  I’aqcnLarl. Zfarkcd by 0. D.  (bwir 
NorE.-Ti io  inltinlrlircctlon must bo to (1 maln schpmo statlam. 
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Reference m a r k  a 
w p p r r  hv!t (1; a 
b l d  ufconciete.  

, e  ETPIUX mark 
" L i o / e  t / a ) .  
Chinriiry o houac 

DESCRIPTION O F  TRIANCrVI~A'rION STATION. 

.$l.4,'i.nieters.. PG9 

13.IOmclern.. 267 

2 mila. .  ... .@9 

DEPARTMENT 01 COUYERCE, 
IT. S. COAST ANI) GEODETIC SWIWEY. 

Form 825. 
Namo ofstatlon: Swan Polnt 3. 
Chiefof party: C. C. Yalra. 

Silriuce-station mark Nota, la. 
Undergrourid-station' 

~t~orcr;comnrt ~ o t a  110 
Relcri!iico mnrk', Note: 
Witnos  mark Kotn, 
~ i t t i r w  mnrli' Koto 
~ o i g h i '  01 R i g h  nbow shtioii 

mark  NO^, rd. 

mark Bmotors. 
mark, 8 )  mders. 

Helght bftol~copcnboJurcRtatlon 

51 

State. Naqdand. County: Qurcn Anncs. 
Year: 1W. LocwUZp: Cliraapcake BGU. 

- 

Distances and dlrcctlons to rrfcwnm mark3 and 
promiriait objocts. 

OhJeot. I Distmcc. I Direction. 

3,ouePoint L i g h t - .  0 00 

07 

02 

0;e 

l? 

49 - 

hzl- 
mth. 

. , ,I 

D e s c d M  by  C. C. Yafen. Narkod by J .  J .  Phdan. 
Nom.-Tho initial cllrwlion must be Lo a inoln scherno station. 

I{ECO\rERY NOTE, 'I'RWNUUI~ATION STATION. . 

h I ' . U ~ ~ J f E N T  OY COMMERCE, n 
t'. S. COART .4Ml C)EOl>ElW SWilVEY. 

Form 820. 
Name 01 statim: .W~rvdu/l!c Ell l fc .  State: Cnltfornfa. County: Suttrr. 
15rtabllshd IJY: 1V. h'imleck. Year: 1876. Locnlity: Sncramcnla Valley. 
Rocovoroci by: A. F. Hodgers. Yanr: 1934. 
Dotnllod ytit.ement as to the f l t n w  of the orlglnd dcsorlptlon: 

A b u t  16 mI:m weal of Nary8vlllr, o n  the aoutlu+ern nummit o/ the south etle of the 
.UaryuulNe BMen a b u t  0 meleu northeast of tjie hloheal part o the miinsi l l ,  and near the 
. ~ l e r p c t ~ o n  l k e  & r l h m  M e .  T h e  slotion ira.9 marked orlgimLy b a cnpprr bolt art in a 
Jril ha d in u dcpresafon ia  outcru ing brdrwk. 1Vhm recovered fn f Q f J $  th ia  niark uiaa 
/ouvul fa ood c o n d i t h .  A a  a n  r&tbnul mark the drpresalon was f i l e d  tcfth concrete fn 
Which p ahvdanl diak atutiun mark wad placed dircclly above (l is  copper boh. 

Dfalcnees and d i r d f m  o( ntalfons. 

Dfatanee. Direelion. 
z 1 - 1 7  
h u n t  Helena .............................................................. 0 W ......................... .metera.. 65 04 

........................ Q .... 9.656 516 OS 
........ ..do.. . I  g: !'% 1 190 46 

NOTE.-OnB of these forms must he used for e \ w y  s t n t l o n  rocovoroU. 
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li!z.$z 
linocon- 
coruodis 

mnre than- 

. - . ._ . -_ .... . 
Use logaritluns to folrr dwlmnl 

places and a to miiintes. 
l'w logarithms to  throe dwlmal 

plncw and a to dogrees. 
........ - 

prima trian- 8 ~ ~ ~ ~ & ~ $ -  Priniory triaii- %:%&:;? 
g l l l 3 O l l .  ratlon. p;tllotioll. &tion. 

2.6 .................. 0.n .................. 
3.0 .................. 2 .................. 
4 0  2 

6 
20 

3.5 I 0.6 

4:s I 6 .................. 
'w .................. j 

0.02 
0. OA 
0.2 
0.6 

6 
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Coinpare the following example with that aiven on Form 24h. 

REUUCTION TO CEKTEII. 

Eccrnlric Slotion: Chnsc. 

d- 10.987 moks. 

Log d - 1. MOSS 
('olog sill 1" I 6.31443 

sum 8.3531 
..... - - . . . . . . .  . . .  . . .  .- _. .. .. -___ .... .... .. . 

I 
Stntinns. 1 a. !J,og!iin 

I 

center .................. .................... i .......... 
Central ................. 5.447?4 ~ 1.70M5 - 62.81 
Little River.. .......... 5.499713 ! 1.7W7 1 - 80.S 
Lyons, snlt works ....... 5.(5MOO 1 3.01040 , -1M.57 
Bossing ................. 3.504U8 0.OSJ29 i 0.89 

106. Spherical excess.--'l'lic spliericiil esccss \vliich Is propor- 
tionnl to the arcs of the triangle beconies ~ip~)reriiil)le only uheu 
the sicles-arc. from 4 to 5 miles in lvngth. One-third of the corn- 
] ) u t ~ t l  esccss Is clcductotl from e:ich :ingle of the triuuglc, ant1 thc 
tlifference betnwii the w ~ n  of the ~*esuliing iinfiles of the tilnnglch 
and 180" is the error of closure to he distributed. Tile Poriilulu 
for the spherfcnl CSCPSS J.: ,is 

E= ?nab slii C. 
i n  wliich u, b are the trimgle xitles nntl C the included angle. The 
values of 911 nre tabu1:itc'tl for every 30' of lntitudc, iUld arc printed 
In Bpecial Publication So. 8, pj ic  16. A condensed table of log Ilk 
to four cleriincil places for every 5' of lntitude is given below. A 
rough npprosimation of the spliericnl excess of ti triunglc in see- 
OlldS is obtained by niultiplying its tiren in square lnlles by 1: 
:uid pointing off two dwiwal places. 
107. Condensed table of log m.-- 
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108. Hathematical solution of the three-point problem.-1 f rliree 
points, f'orniing :I triniigle of 
knon 11 or. c~in  be computed, be 
vl\it)le from I I  fourth point P, 
i t  is required to determine the 
position of Y. 

Set up the theodolite nt P 
:uiA inetisure the two nngles 
subteiided by m y  two of the 
given side% 

This problem is of use in 
cwes where the regular tri- 
:ingulntion hnving been com- 
pleteil, iiddttionzil point6 a* 
required for the topogrnphic 
surrey or :ire needed for  
sprcinl use. The nngles should 
he cvirc~fully measured nud in 
the  c.oinl~ut:itions the logn- 
rltbiii\ should be ciirrled to 
t h v  w m e  nuniber of p1:icc.s of 
cltvimnls n t ~  In the regular trl- 
tingle side computation. 

'l'hpee c'ti8es of its appiicn- 
tiau nre giveu, depending upon 
the Iwcitfon of the 1,oint P with 
reference to the shies of t h e  
trinngle. If I' fulls upon the 
prolongzitioii of :I side of the 
f rhng le  the mse remlrcrt lttwlf 
Into tlie solution of :I triangle 
with 2 1  si& :iiid ill1 the auglec: 
ciwii, whilc If 1' is situntetl on 
the circumference of the circle 
piifAng through the rertices of 
the tri:lugle the 1)roblem is in- 
(letennfnr~te. 

Given t h e  sides, n, b, c, and 
the ~ i i i r le  A. 

which the s idw uud unglev tire 

V 

m 

m 

Angles obswved, At'C=P' Al'B=P". 
To find, A D P = z  iind AOP=u. 
Iii Ctises I and 11, let S=lSO"--j (A+I"+P")+ (cc+g). 
In C I I S ~  111, 

c ein P' ] A c t  tar1 7---- ' - b  Hin li'/ 

S=d (.4-IJ'-J''')=1 ( z + v ) .  
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t Ilrll, 
a=? (J-U) 

tm &=cot (2+4.?") tan S. 
If t:iii E be positive, z=S+a, jy=S-&. 
I f  tan e be negntlve, s=S--a, v=S+s. 
Siiice all 11tt: :titgks aiitl :I sitk i i i  c w h  triniigle are now knowi, 

11ie otlicr sides, or the (listtiitcw f i v i i i i  P to tlw three glveu poltile, 
ciin be reridlly coitiputed. 

The results tire vcrilitd \vlittii both tr1;iiigIw givcb the  suiiie vtiliic 
lor the 111ie P A .  
109. Triangulation records.--] )o no1 dripllcute \ollllneS Of liori- 

2;6JIltld nnglvs. I h  uol i i i : i lw i i i i  i!l)struc.t of angles. >lake  :I calli- 

plete list of tlirections oii l"oriu 24A, hi wcorthiiice with the i l l -  

structions 0 1 1  the back of that form. The locul cidjuutiiient cor- 
rcctiotis ( to  cluse liorlzon only) Lire to be written 111 tlie " Hori- 
xontrtl utigli> re(:ord," aiid til(* " List of dlrectlor,s " is to be t i i t i t k  

l'u 1111 t hut record cl1rec:tly. 
110. Buse, tiziiitutli. and verticul ttugle observutloiis iuny be 

I t ! e o r ~ l c t I  111 " Horlzotitul angle iccord." Bnw und aeliuutli ob- 
scrvntions itre to be dup1ic:it~~l w i  cotiiputiug piper  und attuclietl 
1 0  " List of dirc.c:tio11s.'' 

111. All records oP observiitiotis should contuin nn  alpliubetlc 
intlcs of stattons occuplwl. When stcitions i t r e  occupled niore 
i l m i  once, ciicli record slic,uld liave R cross reference to pnge niicl 

\.oli~iiic~. Itecortls slioriltl :ilso corittdu II preface givliig briefly 
Iiuiiibc.r, in;ikt, tilid eize of' iiistrutiieiit, with dlirtction nnd inaiiiier 
of gritduotion :iiid iiictliotl of ol)?icrvatloil, tinil riuy itifori~iritioii 
necessary lo  I I  eoinplt'lc? niiderstiliiding of tlie rccot~l. 

ELEVATIONS BY VEBTICAL ANGLES. 

[The lnatructlotm undw this bend apply to both secondary and tertiary 
I tinn~ulation.1 
112. Scheme of observations.--Iu coriiiectioti wltli secontlnry ant1 

tertiary t r lw~ul r i l iou  it coriiplete wlietne of verticul ringle 01)- 
servnttorts slioultl he ciirricd out, clxccpt In the cases ntclted below. 
'fhis complete sdieine shoultl eotisisL of n coiitlliuouu m r i w  of ver- 
tical ntlfile iuensures tlirougli the tiinin scheme of the trio rigulatloii, 
observing each line o ~ * c r  whicli Ilorizouttil tiiigles itre o1,served ( t  11v 
(Jl)S!~\ntionS o w r  cucli 1 1 1 1 ~  to be tnndc i t 1  I~otli clirectlons if but11 
ends of the line nre occupied), afid sltonlti als1 include o1)servii- 
tions of wrtic:il :iiiglt~i up011 :ill huppl(*iiictitary nrid iutcisecticiii 
ntatlons correspotirliiig to tlie Iiorizontiil angles inectsured upoii 
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such stations. Coiiiiecliciis sliould be iii:ide with elevations ac- 
curately deterliiiiied by precise leveling, w.ve levt!lliig, or tldnl 
o1mrv;itions 11s fret1iiciitls 11s ps?;ible. IYlieii 11 triungulrition is 
crirried uloiig u coust or tidal streniii, at ciich sbition iierir tlic 
shore wliere it is couvciiieut to (lo $0, :I coiiriectioii slioultl lie uiiirle 
\vi111 iiicnn sea level and the coriiicctioli rccorded. Tide giiuge 
~iiai*I:s slioiild be iucluded wliere tiviiilitblcb, but otlierwise un ob- 
sc.~~vcd wrtical tingle to the wiiter’s: d g e  uiid uii upproxiiuute dis- 
11:1ice t o  tlic poilit sighted upon, with IL iioto [is to liciglit of tidtb 
or tlie ti rue, iiiiiy R C ~ Y C  the piiqiose. If ilie ~~liiiic!-tiiblo topog- 
i*nphy tixtrs I lie i:lcvntioii in the i q i o i i  covered by thc trkiirgu- 
I : i t l o i i ,  tiitit jiiirt of the ol)ljc!ri;ai.ions of verticul augles upon sup- 
I~lciiiriitiiry :tud intersection sttitions wliicli would iiit+raly furnish 
rcdeterinltiiitloiis of elevutions tised by the topogrccplilc survey 
iuiiy be omitted, but the obscrvntioiis of vcrticul iiugics in thv 
iuniu sclieiiie iiii(1 upou mppleiiieiitiwy w d  iiitcrscctiou points 
Iwgond the h i t s  of the plane-tuhlc surveys slioulcl bc uiude. If the 
scliciiie of trinngulution is uloiig u cow( or river, with iio high 
ground visible from the stittioils, iud if ILL each stiition it 1s uot 
tlifficult to make ti sen-level coliuwtioii, tlieii 11 series of verticul 
:mgles ueed iiot l i e  wrricd tli~wiigli tho iiiiiiii scheme. In thls case 
only ~ u c l i  vel”(u I iiiiglefi slioultl be obsc+rvcxl tis tire neceasury to 
deterinlue the clcviktious of the Iiigliest poliits of iiids to navimi- 
tion, such us llghtliouses, stuiitll)ipetl, StiiCIiS, etc. If tlic elevu- 
tlons of such aids to nuvig;itloii tlirougliout llic scliome ur(t known 
to be fised prerfously in clcvtitlon, 110 0 b s ~ ~ i t 1 0 ~ 1 . r  whatever ueed 
be made. This coridltion will probubly seldoui occur, und tlicu 
only on the Atluritic ulid Gulf cotisls of tlie Uiiited Stutes. 

118. Plane of reference.-All heights will be referred to uietiii 

sen level. 
114. Method of observation.--1u the iii,niii trlmgulatiou scheme, 

two ii~eiisures, eiicli consis1 I IQ of on(! lwii~ting with the telescope 
in tile direct position aiid ouc pointing with it in the reveixed 
~)osltlon, OU each (1ti.v of wcupiitioli is sufficient. &’or o1)scrnitlons 
oil iiitersection statiolis nihil iiiclefiultc objects two iueiisures, each 
cionsistirig of on(! pointlug In ciich of the two positions of the tele- 
scope, ou only one duy ore 1111 tliut tire necessury. Such observu- 
tioiis ~ I i o u l d  be ttikeii on each interwctlon stntloii or indefinite 
object froiii t i l l  the stittion8 i’rolii which hori7~utal ungles are 
ineiiaiired to thtit sttitloll or object. 
115. .4s fur its prrictlcuble, t IN! obserw Lious for \Wtical iiiigles 

sliould be mude us iienr the niitltllc of tlie duy as ~)ossible, and in 
tiny cvent iiot bcbfore 30 o’clock 111 1 1 1 ~ ‘  i~ioriitng i i w  Iiitor tliiiii one 



hour before suitdtmii. Early ilioriiiug i i i id  lute iii'ti!muoii obsrr;.n- 
tions nre of lower nccurncy, owing to rnpidly i!liiiiiging \-ertic:il 
refraction. 
116. An essential for the accurute incnsuixtiucut of re r t iwl  

angles, whether in  triangulation or for nstronoinic positions, is 
that  tlie verticnl axis be truly verticnl or thnt the effect of error': 
of rcrticalitp be eliniinntcvl by the methot1 of o1)serviitlon. The 
insti*unient shoultl of course bc leveled nntl placed in  ndjiistuieiit 
before begiitniiig obst!i*ratioiis, but Phcrenfter error in rertlctility 
of axis  mill be eliniinnted by the  following system of obserrinr 
for  encli elewtion to b r  clcterinined : 
117. Directions for observations.-(u) Poiut 011 object, briug 

Itodaontnl thread t(J 11osit.ion by telescope-clnnip slow-motioii 
screw ; ( b )  bring to  the center of the  d n l  the l~nl)ble nttiiched to 
the verniers of tlie vertical circle hy nieans of the yernler slnw 
iiiotiou screw; ( c )  rend both vctmicrs; ( d )  turn the instrumwit. 
380' in tlziinuth and transit the telescope. Itepertt ( a ) ,  ( b ) ,  piiti 
(c)  in snnie order. Do not change the rclntion 1)etween the nsis  
of the bubble iind the liiic joining tile zeros of the verniers behvwn 
the two poinrings (if :i set. For all importnut ohjectr; (1eterinIIi:i- 
Ilou of elevntiou should be obiiiinctl r m t  n t  lenst three xtntionv. 
118. I f  the irislrrtment ust*tl 1s II tlicotlolite of 'T-inc*h clrclt: or 

smaller, it is'usunlly best to bring the hul~ble to the center of tht. 
aaile for each poiiiting in order to avoit1 linvlng lewl coriwtlons. 
\Vitlt the 1:irgw instrunleiits, rSpWinlly designi?ti for trlgoiiometric 
leveling, the  bul)ble is r c rg  sensitive, niid it  ill be foimd bpst 
to niuke leiel re:iilIngs fop tiny position I h C  1)ul)ble nuiy l)e on tlic. 
scnle r:itlit?r th:in attenipt to center the 1)ul)ble.. If the wrticiii 
circle is fnstentid r ikd ly  t o  the  telescope of thc theodolite, the 
bubble m y  he brought to the criitcr by iiie:~iis of lite foot screws 
(before niaking the pointing) 01' by the s l o ~ ~ ~ - i ~ ~ o l i o ~ i  scr(w of 'the 
frame sup1)orting the 1)ubl)lP nntl verniers af ter  ni~klng ttie 
second pointing. If the lnstivment Is ono by wliicli the  rerticril 
angles nre inensnred by t,he niethod of repetitions, then tile buhblt: 
must be brought to the celiter or  on t h e  wnle, for the  second 
pointing, by the font screws OII~J'. 

119. Record.-Observntions should be recorded in the usiuil 
Double Zenith Distnnce records except in  work where very few 
stations are occiipied for vertical angles, in  which e w e  they ninp 
he recorded in the  Horlzontnl Angle record book nnd Ilsted in tlie 
tnble of contents. The nctuul circle readings :ire nlwags to be 
recorded. 
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120. The D. %. b. iu~:ortl is ,irr~iiigetl for iise 1vit.h re1)eating ver- 
i icnl circle ; for o1)servntions 11s here proposed tlie coliiinns hended 
* ’  Rep’s of DZD,” ‘‘ Lwel,” “ C,” iincl ‘‘ D ” may he left blank. 

1 I io  instriinient In nwters nnd centiiiiotcrs d)ove tlie snrfnce iiiarlc 
; I I  t l ip  sttition occiipicd and the csiict point ol)wrvcd on R t  c:icli 
<listiiiit si,~n:il with its Iieight :ibnve tho sirrface uitirk; wlicncv~r 
tlic entire sigiiril is vislblc. the ~roirirtl sliould be observed uiitl so 
noted. I n  obserrliig nbjttcts other thrni signale cure should I)(% 
t2kcii to not(? i n  the wcord tlic cx:ict point siglitcd ulmn in each 
caw. ns, for estiniplc, for inoiinttiin pcriks, *’ proiiiitl ” or “ toj)s 
< I f  trees ”; for :I clllll~c~ll, ‘l t 0 1 )  of IIOlllC ” 01’ $‘ lop of tOiver,l’ elc. 
When tops of trcrs :ire ohservetl the estiiiinted height above 
.,.round slihiild be iiotcxl iii tlic rc.cord :uit l  tlie ground sliould I)(* 
clbserved I f  practicable. 

122. 111 the c;iw of iiioiiiituiiia ;in11 Iiilltops r i  siuull sltetcli show- 
ing tlie relation of the point deterininecl to tlich outliiie of the sur- 
imnding elevations will be iiseful iii reprcseiitiug the  object 0 1 1  

tlic clitirl, LS wcll : IS  to the observer i i i  identifying the object froiii. 

123. Computation of elevations from observations of zenith dis- 
tances made in oonneotion with tertiary triangulation.-r~l)stri~(!i 
all. zenith diultriises 011 Gorni 479, briiigiiig Locethrr : i l l  ol~servntioii.: 
upon the s:iriie ol))ec:t from :I ,givcii station, and taliiiig thc ~ I C I I I I .  
If the obscrrcitions arc tukcn on iiiorc tlian one d:iy, glvc the i i ic~i i i  

result for encli (lay .thc siiiiie \velght, regardless of wlietlicr iiittiiy 

or few observiitions wcre made 011 t l i i i t  day. 
124. 111 tlte record Iiook ZIIIA 011 E’orlli 29 carry :ill ~ I I I K I P S  1 1 1  

sec:onds ollly. 
126. Tlie vnluo 111 the coliiiiiii lieaelc~tl “ 0l)jcct a h v e  stittion ” is  

zero if the objwt pointed upon is tlw firiul iiicirk for clevation, ais, 

for es1111ip11~. t l i e  top of LL cliiiiiney, tcq) nf n spirc, etc. 
126. Use the column 1ic;idetl “ Recliictlorr to  line joining stn- 

1 inns ” only v-Ii(*i i  11iv ol~s~rvitt lons :irv ~c~cii’rocnl-tlitit is, niy. 

111:itle in  lioth cllrrctioris owi* tlrc l i i i c ~  in qucslio~i. The qiitiiitity 
1-0 i n  this colurnii is :iii anglc of which the: viilue in cleconds is- -- - 9  s sin 1” 

in wliich 8 I s  thi’ horizontal clistrincc: betwecn stiition8, t I.he clv- 
u r i t m  of the* telescope ;il)ove the s t ic t io i i  ni:irl; at the ol)ser\w% 
st:itioii, and o the clev;ition of ih(% objrct  sighted o i i  above thc 
station mark :it tlic d1ut:tiit stutiou. This formuln represents, 
tlicrefore, :I wrtiwl cwcntric rrtlnction wliicli is to be :tpplictl US 

121. ?I1 (Tt?ry l ’ l lSC tllP 1.eCIJl‘d J l l U S t  S l J O \ \ .  ClCYlrlS llle heil;ht t l f  

:tncJthCr Sttitioll. 



111 which p Is tlie radius uf ciirv:iture of the iirc 1)etwcw stations 1 
nnd 2. ll Is tlie correctton factor to  the npprosilnritcl clifferenw 
of elev:itloii, R tnii 3 (fg- C I ) .  Its espresslon is: 
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120. Coiiipute through the ioriii by liorimitnl lines. I u  the 
toriii n brace groups those qunutlties \rhiclt, added together, glve 
the qutiiititg 011 Ihv Iiuc I~iiiiietliulely below the brace. 111 deld 
couiputtitlons ewry  the aiigles to secoiitls, the logaritliius to flve 
plwes of deciiiials, aitd the cliffereiices of elerutlon to  liundredtlw 
of iiiuters. Iii field computntiotis tlie lines warlied '' f (i3--<,) In  
sew." und " log ditto " may be otiiittecl uncl log tau 4 (b-Il) iiiny 
be t~lk431 diiwtly froiii Vcgtik 01' Shortrede's tables nnd entered 
iu the lliie inurlied " T." Huviug found log [ 8  tan f ({Z-{L)], US' 
it to take out log B l'roui Table b. Add nlgebraimlly the log- 
:iritliii~s of A ,  U ,  und C lo lor: [ e  tun f (cL-lx)] ; the sum will be 
log (k-h), Iw--kl bciiig espressed in the snme unit a8 8, I n  this 
ciifie the iiieter, wliicli is the unit tlirougliout tlie coingutntlon. 
To convert iiwtoi's to ft-t, whlcli sliould be us& in topogruyliic 
work, multiply the iiutnber of ineters by 3.280EB (log 3.280&?= 
0.51805). 

150. For nonreciprocal observations use b'orin %B in coiiipiilin;: 
tliffrrciices of elerutioii. The coiiipiitntion of \wights l~rovlcletl 
for u t  tlir bottom of the forni niciy 1 ) ~  otnitled 111 n field coiiiputa- 
tion. Tile sniiie rulcs 116 to tlic 1iuiiil)rr of Agnres, ctc., wlll npply 
here BY to the computatloii of rec1plnc:il obscwntions uiid ilia 
braces have the suuie metinin:: 11s in Foim 29.4. The forniultt for 
tlifference of elevntion 1s d m I l i i i *  to  tliut for reciprocal elevatioiis, 
but since only one zenith ~lleluuc*e ( i l )  i.r observed, the quantity 
f ({z-[r) niuet be replaced by 9 0 ° f k - ~ l ,  the  value i n  secoiicls oE 

7)) is the coefiiclent of! refmctlou, whkli varies wltli vnryiiig 111- 
niospheric conclitloris. 111 oflice conipattilloiis the best arollabli~ 
value of t u  wlll  be used, bnt for ileltl coniputritloitrr put 

log (0.5--e) =9.032448-10 

whtcli ccxresponds to i~i=O.O?l .  Log p comes froiii the table i i i  

primgriiph 138, tlte rlrmnimts GP w'ilcli ate ill(* iiieaii tixiiiititlt 
rind inc'nii Intltutlc ( a  nut1 @ )  of the line. These qiiniititic~s 1 i t 4  
not be Iciio\vn closer thaii the nearest tcliitli of ii drgree. Hiivini' 
Poui\d k (to tha iienrcst swoii(1 only for field coiiiputntions) the 
formula for the difference of eleratlon Is given by 

llz--k1=.9 tnn (noo+12-(lI [A 11 CI. 

The quantlty Is the iiiciiii o1)serrml zeiilth tlistuncp und coues 
from Form 29, as does i i l s o  t h e  quaiitity l--0 wlilch is to be 
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applied as x correction I O  /w-h fi'i intlicatctl i i i  p:iragrapli 127. 
Ivo verticrtl ecventric iingular reduction is to he rip1>licd to 31. 
This is contrtiry to the prnctice on rccli~rocal irxnith ilis1:iiiccs. 

131. I u  the fieid coinput:\tions the l in~s i1Iiirlietl " !Mo+k--J: in 
sccs." and " log ditto " mny be omitted and log tan (90°+7c-3,) 
taken directly from Vega's or Sliortrccle's tables tind entered iii 
Ihe line mrirlretl "T." Log [s tan (90°+h-r1)] is usctl n s  tho 
rirguinent for log B. The nrguineiits of log A and log (I are ti1 
:ind lox Y, respectively, 11s in tlic case of reciprocal obsei*vntione. 
Thr logiirithms of A,  8, nntl c! edded nlgebraictilly tu lo:: 
r Y  tnrl (W"'.~C-~~) 3 give iog ( k - l h ) .  

132. Tirhlci n. givcs the \:dues of log A,  tlie correctlon fnctor for 
tlrr elemtion of the known stiitioti, by showing the li~iiitin:: wlutrs 
of the elwiitioii 111, b( t t~~cw1 w1iic.h log /I miy be taken lis 0, 1, 2. 
3, etc., uriits of the Aft11 place of decimals. 1,og .4 is positive. 
except in the very rare raw whew Itl corresponds to a point below 
ineiiii set1 level. 

133. Table (1. 

I I- 

( I  

1 

2 

11 

12 

13 

I4 

15 

1G 

17 

18 

10 

a0 

21 

Lo A Lop A 

flIth 111 fllth 
unh, df units dr 

2%:;. -- 
Melrrs. 

a3 22 

23 34 

5211 

1 -4770 
! 4017 

26 

27 

29 

30 41 

31 I 

134. Table L gives tlie values of log n, tlie correctioii factor for 
approsiniute clifl'ercnc*c of elevation, by showing the limiting values 
of log [R t an  4 (r2-jl) 1 or log [s tan (90°+7i.-~1)l between which 



ELEVATION8 BY YERTIUAL A N Q U S .  65' 

log LI m ~ y  be tnken 11s 0, 1, 2, 3, etc., units of the flfth plnce'of 
rtwimnls. Log R has the snriie sign 06 the angle f (la-{,) 'or 
90°+k-~ , ;  foi. crsruuple, It log I n  tan 8 1 lies betweeti 
3565 mcl 3.595 und 4 (la-{t)  Is jmitlve, log B=+0.00013, but if 
4 Is negntiw then log R= -0.00013, i .  e. ,  9.995387-IO. tlir 
1'oriner way of \witin? k h i x  usuiilly 111or~ convenient in prnctlce. 

135. Table I .  

-. ... -4 
- m  

2.107 

2.814 

2.w 

:I. 011 

3.121 

3 . m  

3. 2x1 

:L 'J ia 
3. 3 ! l i  

-- 
0. ow) 

4.876 

5.113 

5. nr 
5.207 : 

I) 

1 

2 

3 
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1S8. Table of logarithms of radii of ourvature of the earth’s 
surface in meters f o r  various latitudes and azimuths, b:ised up011 
Clarke’s ellipsold of rotiition (186G). 

Azimutlz 

Moridinn. 
5 

10 
15 
20 

25 
a0 
a6 
40 
45 

60 
55 
80 
85 

’ 70 

75 
80 
85 
w) 

Aclmuth. 

Morfdiaa. 
5 

10 
15 
20 

25 
30 
a6 
40 
45 

w 
5.5 
80 
05 
7c 

75 
tx 
115 w 

0” lnt. - 
i. 80175 

177 
18.4 
19.5 
209 

m 
248 
272 
286 
322 

348 
373 
396 
417 
436 

450 
401 
468 
470 - - 

0’ lot. 

0.80180 
182 
1% 
180 
214 

232 
252 

37.3 

351 
375 
308 
418 
437 

451 
483 
460 
471 

E 

O lnt. 
- 

,80175 
177 
184 
195 
2Gu 

228 
249 
272 
M7 
322 

348 
373 
390 
417 
435 

450 
461 
4m 
470 
- - 
7’ lat. 

i. 80181 
184 

201 
215 

233 
254 
m 
301 

352 

386 

4 3  

452 
463 
47c 
411 

im 

aza 

37a 

42a 

- 

!” Int. 

.80175 
178 
1& 
195 
210 

223 
249 
272 z 
348 
373 
390 
417 
436 

450 
461 
408 
470 
- - 
8’ lnt. 
- 
i. 80183 

186 
192 
203 
217 

235 2x3 
‘278 
303 

m 
377 
4ou 
421 
43c 

45? 
464 
47c 
47? 

m 

- 

- 
3” lat. 

1.80170 

185 
180 
210 

229 
250 

287 
323 

348 
373 
380 
418 
436 

450 
401 
468 
470 

178 

na 

- - 
90 lnt .  
- 
6.80186 

188 
104 
205 
210 

237 
267 
‘2% 
304 
328 

35i 
370 
401 
421 
44c 

454 
4@ 
471 
474 

- 
I” lat. 

. 80177 
170 
186 
107 
211 

228 
250 
273 
208 
324 

340 
374 
307 
418 
436 

451 
462 
408 
471 
- - 
100 lot. 
-- 

1.80188 

197 
207 
222 

230 
260 
282 
m 
331 

3.x 
38c 
403 
423 
44 1 

45: 
4M 
475 
474 

im 

.80178 
1w) 
187 
108 
212 

230 
731 
n 4  
‘209 
324 

3m 
374 
:108 
418 
437 

461 
482 
460 
471 
- - 
110 lul. 

i. 80101 
193 
200 
210 
224 

242 
262 
284 
308 
&XI 

358 
382 
454 
424 
142 

450 
467 
473 
475 

0” lat. 
- 
8,80180 

182 
188 
180 
214 

232 
252 nu 
300 
325 

351 
375 
308 
419 
437 

4.w 
403 
409 
472 

~ - 
120 lat. 

I .  80104 
196 
2(n 
213 
227 

244 
261 
237 
310 
335 
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-- -. 

Azlmuth. 
_ _  

Meridlnn. 
6 

10 
16 
20 

26 
30 
36 
40 
45 

Go 
61 
60 
66 
70 

76 
80 

' I  86 
90 

A ~ h u  tli . 

,Mddinn. 
6 

10 
15 
20 

25 
30 
36 
40 
4s 

50 
56 
60 
3 
78 
80 : a  
Bo 

- 
12"lc.t. 
__ 
;. 80194 

108 
202 
213 
237 

244 
284 
287 
310 
336 

359 
3(0 
408 
426 
44a 

457 
488 
474 
476 

___ __ 
18"Int. 
. 

U. 80217 
219 
225 
236 
248 

285 
284 
305 
327 
350 

873 
306 
417 
436 
453 

400 
470 
482 
484 

13' lot. - 
3.80197 

199 
208 
216 
230 

247 
287 
289 
313 
337 

361 
885 
407 
427 
c44 

458 
489 
476 
477 

__  -- 
19'lot. 

E. 80222 
224 
230 
239 
262 

209 
287 
808 
330 
363 

des 
419 
438 
454 

408 
478 

4 85 

p7e 

.im 

L4'lot. 

3.80201 
203 
209 
219 
233 

2.50 
270 
292 
316 
339 

364 

408 
429 
446 

480 
470 
470 
478 

387 

--- - .- 
20" lot. 
- 
0.80228 

228 
234 
244 
257 

273 
292 
312 
a34 
367 

370 
401 
422 
440 
456 

470 
470 
485 
,487 
- 

-- 
15' lot. 

5.8oM4 
200 
213 
273 
230 

254 

'2% 
318 
342 

306 
380 
411 
430 
447 

461 
471 
478 
430 

273 

- - 
21'Int. 

6. m2 
2a4 
239 
249 
282 

277 
298 

0 8  
300 

3 L(2 
404 
424 
,443 
459 

472 
481 
487 
4m 

y e  

10' Int. 
-- 

R. 8ox)8 
210 
217 
227 

257 ne 
296 
321 
344 

308 
301 

432 
449 

240 

418 

2 
470 
481 
- - 
2 2 O  lot. 

6. R(r'7 
230 
244 
254 
260 

282 
900 
320 
341 
3G4 

380 
407 
427 
446 

I. Ro213 j 6. W17 
218 . 219 

371 
3v4 
41 5 
434 
491 

4M 
474 
480 
46.2 - 

B'lnt. 

i. w242 

284 
271 

287 
305 
324 
846 
367 
*, m 
OOV 
410 
430 
440 

401 4m 

483 485 
4w) 

4'13 j 470 

:I 1 49a 

2G5 
284 am 
327 
350 

373 
396 
417 
436 
453 

460 
476 
482 
4a4 - - 

24' Int. 

1.80248 
250 
256 
264 
1?7 

a2 
309 
328 

,371 

892 
413 
432 4a 
,1f"5 

478 
481 
402 
494 

y.50 



-- 
I .kzimuth. 

25 
30 
::5 
40 
45 

75 
80 
I 6  w ! 

. . 

' .\zimutli. 

M'18t.. 

5. mwll 
250 

204 
217 

202 m 
323 
350 
371 

392 
413 
432 
4:Q 
405 

4701 4w 
492 
404 

ZJ 6 

.. . 

,U)" hl. 

3oR 
324 
343 
3 0  
3% 

4cla 
4% 
442 
454 
473 

484 
493 
rea wo 

i 
34R I 
367 

407 ' 
4 2 6 ,  
445 I 
46! 
47.7 

4n7 I 

495 ~ 

501 I 

W I  

3s7 j 

319 
33b 
35a 
372 
3U1 

411 
430 
448 
464 
478 

489 
498 
6oa 
M)( 

L Bclzai 

300 
311 

32(, 
340 
358 
377 
:106 

z 

415 
434 i 
461 ~ 

487 
481 



-___ 
Aclmuth. i 36"lnt. i 37.M. 

1 . m 2  
344 

355 
364 

34n 

.. . .- 

o.xo.50 
351 
355 
302 
371 

Meridlsn. e m a 7  

10 I 333 
5 1  ' 329 

15 
m 
a5 
30 
35 
(0 
46 

55 
00 
e5 
70 

75 
MI 
x5 
Bo 

:n 

- - 

340 
550 

302 
370 
391 
407 
4% 

441 
497 
472 
4% 
498 

5OU 
515 
519 
521 

__ . .- 

:Is4 
392 

402 
413 

44c 
451 

403 
4a 
4 9: 
:a1 
511 

52: 
53 I 
5.11 
53t 

eo 

376 
888 

418 
434 

430 
485 
480 
493 
.504 

513 

5% 
526 

toa 

rm 

382 
394 

423 
439 

454  
409 
484 
4% 
307 

510 
5x3 
527 
52R 

4on 

. . . . . - 
M' In1 .. ; 4.5' 1111. 

. .. 

5. w w  
397 
400 
(oil 
41% 

422 
433 
444 
457 
470 

4S2 
495 
508 
611 
520 

534 
539 
5(2 
M 4 

i m.7 
:i39 
:151 
:i09 
378 

:388 
401 
414 
420 
444 

459 
471 
487 
%XI 
510 

51 9 
525 
529 
53 1 

.__ 

100 181. 

'1. riOIM 
404 
408 
413 

429 
439 
450 

475 

409 
510 
520 
520 

:m 
M2 
M 5  
MO 

420 

rea 

487 

I. fia?as 
.if30 
370 
37R 
:!VI 

:i95 
407 
420 
434 
440 

4a4 

491 
:a3 
614 

.;28 

.533 

4in 

52a 

531 

- __ 
17. Int. 

3.80411 

41 5 
420 
42l 

480 
440 
438 w 
480 

:a 
514 
524 

8 9  w 

41a 

49a 

sa 

#n8 
cng 



m u t 1 1 .  

Merillinn. 
5 

10 
15 
20 

25 
311 
35 
40 
4.5 

50 
65 
60 
65 
70 

75 
80 
85 
Bo 

Admuth. 

Meridinn. 
6 

10 
15 
20 

25 
30 
35 
40 
45 

bo 
65 
60 
65 
70 

76 
80 
85 
90 

- 
lot. 

I. w410 

423 
47.8 
434 

442 
452 
462 
474 
485 

496 
508 
519 
52y 
536 

542 
547 
550 
551 

42n 

__ 
i4" lat. 
- 
I. w484  

485 
467 
471 
476 

4 8  
4 m  
499 
500 
515 

524 
5 3  
541 
548 
554 

559 
a 3  
,566 
.500 
- 

-- 
I0Olot. 
__ 

/.PO426 
428 
430 
43.5 
141 

440 

468 
470 
490 

501 
512 
522 
531 
.530 

545 
650 
553 
554 

438 

- - 
j5'litt. 
- 

5.80471 
472 
474 
47R 
483 

490 
490 
:a3 
512 
5%) 

528 
,537 
544 
5J 1 
557 

RU2 
:I66 
55s 
560 

-~ 

- 
D'lnt. 
-- 

I. &I43 I 
435 
438 
442 
44n 

430 
465 
474 
4 6  
495 

336 
616 
526 
534 
342 

54n 
553 
5s5 
5.50 
- __ - 

j6" 13t. 

I .  w442 
443 
445 
4.3 
455 

403 
471 
4%) 
400 
5lK) 

610 
620 m 
545 

551 
-55  
555 
553 

mn 

57" 1st. 

-. 
i2" Int. 

I .  80449 
450 
453 
457 
463 

40!1 
477 
446 
406 
505 

516 
524 
633 
,541 
548 

554 
:m 
WJ 
w1 
- - 
5no lot. 

56: I 558 
571 

5iO 1 573 
571 574 

5. w93 
4Y3 

49n 
.SI2 

.%R 
514 

534 

4135 

sm sn 

3 
555 
,501 
,548 

573 
6 73 
575 
576 

-. 

i 3 O  Int. 

I. 80457 
458 
460 
464 
469 

470 
484 
402 
5D 1 
510 

528 
537 
545 
55 1 

m 

.:57 
a61 
so3 
504 
-- - 
S!P lat. 
-- 

I. M r n  
500 

505 
509 

514 
,510 
525 
SI2 
539 

546 
552 
558 
564 
,509 

573 
570 
578 
578 

5oa 

-. 

640 lat. 

I 80404 
465 
461 
47 1 
476 

4R2 
480 
495 
186 
515 

524 
3 3  
541 
548 
554 

559 
563 
:a10 
566 

__ __ - 
OO' Int. 

3.80606 
607 

511 
615 

5241 
5 2.5 
531 
637 
5 43 

550 
556 
562 
507 
572 

575 
578 
6Ru 
6t10 

rm 
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Azlmutli. 1 GO" Int. 
-- 

Merfdliin. 
5 

10 
15 
20 

25 
30 
36 
4 0  
45 

50 
55 
60 
65 
70 

78 
80 
85 
Qo - 

Arimuth. 

Meddlan. 
5 
10 
15 
20 

25 

35 
40 
45 

50 
55 
60 
05 
70 

75 
80 
85 
90 

30 

-- 
1 . R O r n  

07 
03 
11 
15 

20 
e5 
31 
37 
43 

M 
FM 
G' 
67 
7 2  

76 
78 
80 
80 - - 

PI0 lot. - 
j. all544 

44 
45 
47 
50 

53 
50 
60 
64 
08 

5.RR718 
I 1  
15 
18 
"I 

20 
30 
30 
42 
48 

54 

05 
70 
74 

78 

r 2  
83 

Go 

no 

- -- 
37" lot. 
- 
"I qom w 

51 m 
65 

. . . . . . - . . .. ._ 

62 

00 73 
72 7G 

79 

0.5 70 

I 7O! 

02 
07 
72 
76 
RO 

R? 
85 
80 
87 - - 

68' 1st. 
- 
6: W 

01 
62 
63 
(is 

67 

- .- 
3. .m?2 

32 
3 I 
30 
38 

42 
4 6  
61 
60 

6.5 
70 
75 
78 
82 

8.5 

88 
. 89 

oo 

87 

- - 
70O"lat. - 
D. 80505 

G0 
60 
08 
70 

72 
74 
77 
Ro 
53 

RR 

91 
94 
90 

' OR 
5. w.599 u. ROB0 

00 

ao 

9. Em38 
38 
40 
42 
44 

4s 
61 
66 
00 
04 

69 
74 
7R 
82 
85 

87 

90 
91 

n9 

- - 
71' IiiC. 

-- 
0.80570 

70 
71 
72 
74 

70 
78 
41 
83 
RB 
89 
91 
94 
90 

0. n069R 

n. am 
ni 
01 

02 - 

G6" Int. - 
0. m544 

4 1  
45 
47 w 
53 
66 
60 
84 
68 

73 
77 
81 

87 

90 
91 
92 

,83 

72' lat. 

84 

- 

0. a0575 
75 
76 n 
78 

80 
&2 
84 

89 

92 
91 
go 

6. LWIOLl 

01 
02 
a3 
03 

a7 

I;. aim8 

- 
GRAVITY. 

139; A publicntion on niodern iiielliods for inensuring the ln- 
tensity of gravity is in coume of prepnmtion. Wieu published 
it will contnin ctetniled instructlons for flie tleterminntion of 
grnvi ty. 
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PRECISE LEVELING. 

141. l k  goiierul instriic~tio~is for this mork, see Special Publl- 
cation No. 18, c~iititled, ‘‘ Fourtb Geiieral Adjustment of tlie Pre- 
cise Level Kct i n  the UnIted States rind the Iiesulting Standard 
Elevations ” :ind also Sprcinl Publication So. 22, thntltled, “ Pre- 
cise Leveling from Brigham, Utuh, to h i  Frrwcisco, Callfornta.” 

EECO~OISSANCE FOR TRIANOULATIOB. 

14% The reconiioissuu1IIce preliminnry Lo precise t r l n ~ i l n t l o n  is 
nit&? under slwcltil Instructions sulted b the work to be under- 
tukea. On tertiary triiuigulatlon the lines are usually of coni- 
piiratively short length wlt~re tho intervisibility of the points Is 
cwily tested, but for the ocmfdonnl ins tmcee  where Y U C ~  is not 
I IIC? myel the  iiiethods briefly iitdlcatetl below inny be employed. 

Where the intervisibilit~ of. the points dcsiiwl cnn not I w  cleter- 
uliiied by trltil, or when! it is iiecessttry to estiiiiute the licights 
of towers nl11c.h will iiiake them interviciil1le wlieu tlie liiie is 
obstrucbvl e l sewI i~r~> tlinn in the lrnmedlute vicinity of one or 
both of tlie points, the intip niethod of r e e o n n o I ~ i ~ i ~ e  may 1)r used. 
Tile c l iypr  of precis1011 oblriined LJ Llils method wlll depcwl upon 
the iiccurttcy of the miip Itself, wliich is usually indicated by its 
source, dntth, and method of c.ompilNion, i!s well 11s by Internal 
wldence. 

?’he difference lxt1vec~ri tlw r t p p t i w i l t  and true d l f l e i w ~ c ~ ~  ii i  (:I(,- 
vation of two polnts is affwted by two Ziictoi*3, tlie curwture  of 
the earth’s Murfnce uud tlle refiuction of light by the earth’s tit- 
iiiosplici~. These $actors nre of opposite stm ttntl of an tippro*- 
iio~itely Aim1 relalloli to enc.11 otittv, so that the c.on~bIn~l t>iYept 
(-1i1i be upplied MS ti Ringle 1wtor. The effect of refractkoli i~ about 
t,iic~-seventli tis iiiucli us tlie e111 vnture : the forinulns for t l l p  

hepnrute effect of ericli c:in be found In  various works on geodetic 
wrveying, but the fon~iulns b ~ l o w  d~ the tiIy)rosimutc resultant : 

k. ( h i  feet) =fi ( in miles) tlmw 0.574, 

K ( in  niiles)=VL ( i n  feet) tinies 1.32. 
or 
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143. Uelow io LL tuble, coiidensetl froin the out' giveu i i i  Apperidin 
!), lieport for 188'2, which gives tlte dlstuuccr 1L (in stitmtc miles;) 
: i t  wliicli u line f iwm the iieight h (iu feet) will touch the horlzau, 
tuking Into account terrestrial rdriiction with ti iiieau assuiued 
welticieat of 0.070. 

. 

C'orr. Diet. 
. . . -. . . . . 

0 20.6 
7 28.1 
8 30.7 
9 46.4 
10 57.4 

%B. 4 

18 87.0 
14 112 6 
IS 328.1 

16 146.9 
17 165.8 
18 185. n 
19 207.2 
24 229.5 

12 ' I  82.7 

Fsrf. MUu. 
0.6 21 
2.8 22 
5.2 28 
9.2 24 

25 I b  14.4 

I 

20 888.0 
27 418.3 
28 449.0 
to uo. 6 
30 510.4 

ai 651.4 
32 687. ti 
38 624.0 
a4 w. 3 
35 m. 0 

3li 743.7 
s? 785. e 
38 m. u 
99 m. R 
41) YlU. 1 

-___. 

I)bl. 

Yilu. 
41 
42 
43 
44 
46 

(8 
47 
48 
49 
3 

61 
52 
58 
54 
59 

.M 
87 
58 
51, uu 

. .  - 

. . .- . . . 

(*m. 

Fed. 
964.7 
1012.2 
IW1. 0 
1111.0 
1162.0 

1214.2 
1207.7 
13i'2.1 
1377.7 
1434.6 

. lW2.6 
Kb.51. u 
1811.9 
1073.3 
1755. s 
liW. 6 
I S M .  4 
1930.4 
1997. S 
W . 8  I 

. . 

where 
B =height of line 2lt obstructioll, 
Ici-llolgllt of loww Stlltioll, 
kZ=height uf iulerveiiiiig obstruction or hill. 
Le=helght of higher station, 
cll=dlsttuicc froni ~ J W W  statloll to Iiitervenilig o l ~ t  ruction, 
cil=dlstnnce fnmi in tcwwlng  ohstruction to higher stntion. 

AZIMUTH. 

144. Qeneral remarks.--l'cirtIta ~1igiigv11 iu gel)cral COLIS~ biirveys 
s l i ~ ~ l d  mulie nzlriruth observutio~is tit one station for every 20 or 



145. Use of the plane table.--Piill detnllw regarding topograpliic 
surreys with the plrtne table will be found in A Plane Table 
MauiiR1, Agpendix No. 7, Coast and Geodetic Survey Report for  
1005, which, nitiy be obtriined bound separately. 

146. Control of topography.-The most sntisfmtory way of mak- 
ing detailed topographic surveys is to first completc and compute 
a systematlo trinngulfition, nnd plot the points determinwl on a 
projection. This wil i .not always be feasible in clinrting new 
regions, on uccount of both t i i n e m d  expense, aud the topogruphy 
will soineiiiiiei Iiiive io  be executed at the sanie time 88 the tri- 
nngulotion. 

147. Wlierc! topogrriphg is ciirrictl on siniult:in~~~iisly will1 tri- 
m g u h t l o n  rind other woi*k,-if practicnble, the triangulation will bc 
kept sufficlentl~ In :itlvrnice so thut  t I i c  distnuces (not  neocxwrily 
the geogriiplilc positions) inay be coinputecl und plotted 0 1 1  tiicl 
sheet before filling 1 1 1  the topogrnpliy. Tn :ill cases wlirro this 
will vaiiw  io(^ g ~ 1 1  II  (1clri.v 01' IS not practlchble from otlier 

the coi~ipiitetl d1stnnc:c~s tis swii ns they are uvnilrthle, nnd wli(irt. 
there :IT(* iiupcirtniit t1iscrcp:incies niiist correct the error by 
exuniiniirg tlre pottioii affwtud. 

Ulioii u m i i ~ i i i c ~ ~ l  o1wi~:itions~ iu. Aluska thc specifications (01. t.iitt 
st:inil:irtl mtitroi ol' ttq~qgi*>ipliy i i i  hl:isku siinll I)c i i s  follows : 

In Xcncrnl, iii;ii~i-sc~l~c:nie trinii~iil~itinii stottons foi. control of 
hydrographic 2nd top~gi*~pI i ic  \vorli should be distributed along 

('811SCP, t h P  ~ O J l O p ~ ~ l ~ ~ h l ' l '  11I11St.' ChWk the diStnIlWS 011 \lis Shc?c?t tig 
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the coaet nt intervnls not, greater than nbout 8 miles. This tri- 
angulation ehould be of the tertiary grade. To supplement the 
main scheme, iuterscctlon stations of t.hc triaugulntion, or stations 
loc+;ited by plrtnctnble tri:iriguI:ition, by transit :iud lupc, or transit 
and stadia, should be distributed at iutervuls not graater thau 
:illout 2 miles. 111 locnlities where triangulation is iinpructicublc 
traverse with transit and tape may be used for control, provlded 
t h R t  the iicairnc!y of the traverse is equnl  to that of .tertiary tri- 
m y l n t l o n .  

When the detnils of iiiiprorenlente along tile JVtitel. front:, Y l l c i l  
rte (locks, iironiincnt builtiin,-.j, etc., ure to be loculed, 0. coutrol 
[ioiiit should be established a t  8 clistnncr? not greater than 800 
ineters froni such Impivvcments. 

(:ontrol stnt ions slinll be  marked tuid described in accordtux 
with pRragraphs 76-9G. All triaiigulriliou signalH I I I U H ~  bo cut in 
wlth the plrine trible and shown on tlie topogrn])hic shwt  ; .those 
falling off the limits should ~ R V H  direct ion lilies. dmwn ou the 
sheet. All traverw lilies .run must, i f  prncticuble, be checked by 
closing circuits, and sni~r11 errors udjiistccl ; if lurge errors appear, 
the lines n i i w t  bc reiwii. . On ii 1-20000. scaitllc Lhe closing m o r  
khould not exceed S iiieters per riiile of tra\.erse, and a n  error of 
half thnt rinioiint wi l l  nsually be obtaimble. 

Unless otl1erwisc specified, t lw aiidiird of uccurucy for tlie 
locatlon of shore line in Alaska ~liall be wuul to that €or the  
Atlantic ruid L’acific cotists of the United StrLtes. 

The  position of uiiy pnrt of the \vell-defined and pernianent shore 
line yhnll not he in error more tlrnn 10 iue(ei’~,.where the shore 
line is less tliriii 1,OOO meters froin a trlaugulution or otlier con- 
trol station ; not more than 20 inetela for distances between 1,ooO 
and 4,000 meters froin such a st.i\tioll; a11d not n1Ore thrln one- 
half of 1 per coiit of the distalice froiu a control Rtution where the 
distnrice 1s grenter than 4,000 meters Iroui such a stutiou. 

‘The tlewriptive report f o ~  cwc.11 sliwt 1iiust give the rlosiug 
wrors of tlit! tratwses run und sttit(’ IIOW nud bet wee^^ whiit points 
1 1 1 ~  t1iwrcqwnc-y w*ns dixtribntcd. . If proper care is exercdsed, i t  
wi11 bc pi)sHibh! t l J  fit a projection to tile 1)ltlue ttible slicet by the 
ti*i;inguliiticiii Iiciiiits, so that  there will hc llttle or 110 error IU the 
rwiilting clirrrt. 

148. TIIV iiiiigiietic niwidirm slionlcl be tliawii 011 llie sheet in 
the field froni r t t  lenst om polit+ by tnwiirr of the  declinatolre. In 
regions of large lochnl ilisturbunce, additlollill deterriiitiritioiis of 
tl113 in:iguctic n i ~ r l d i n ~ ~  should he made. 
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I n  ordey to utilize nlt tlie prailabte force at rlw Iw~i i i i~ i i i g  of LL 

season, it mny be ndvnutageous t o  uinke plane table survey of 
a harbor and flll in the liydi*ogrrti~kg on Chin, the signids LO be de- 
termintvl by trinngulatiou Inter. 
148. When former trinngnlatiou stntio~~s lire searched for sud 

not found, or when statlone nre recovered whic11 :ire iasoflicieutly 
marked or described, the deflclency in niurking or t l e ~ i ~ i t i o i i  
must be remedied niid u report iunde t o  show esistiiig conditions. 

150. Scale.-For all general coast topogrnphy h i  new regions, 
unless otherwise specifled, n scale of & will be used. Idrger 
9C81e6,118 & (and in exceptlonnl cases A), are to be uyrd for 
special harbor surveys where the nuount of dtatall or thr im- 
portnnce of the locality warmnts, but smaller scutcs than &a 
will not be used unless specially nutliorized. 

151. Contour intervals for orclinnq co:ist topogixphy s t i o u l i ~  be 
eitiiw 20, 50, or lo0 feet: 40-foot intervals should not be used. 
The diolce of interrnls should depend on the n~turc! nf tlir. cmn- 
try and tho ~ c n l e  of the slieeL Only one speafic intervval should 
be nsed on n single sheet. 

16% Contours.-Wlthtu the cmtinentd llu~its of the United 
fitat&, the islief will he Intllcnted by contouis. 1 1 3  .Uaf;l~ii niid 
the IDhilir,pIne J s l n n d ~  '' fmni I i i i w  " instenrl OS " wntoiira *' will 
be urn1 for tlils pirrpom, except in tile case of II  Inwe atrile ~ u r v f y .  
The term " contow " is gencirillg iinderstood to nieau lines of 
aliinl elevritinn located by n siifflclent. iiumber of determined points 
Rlong ite wiirc3e, HI that In O I ~ C I ~  cnuiitry ou slopes 4 l f  A" or less no 
part of ft shall he out of pwltlon more than one-half the linrleon- 
ta l  dlstiince between ench sucmsive  centour. 

In Alaska tbln standunl of nmuacg is iiot ~w:wCical~le us it is 
Important for tlie benefit of tlie nnvigator to . indude a h z e  arw 
of rugg-ed country hack from the  fibre, so t h t  its genenil LYR- 
figuration will lw Lndlcatecl rind the ~?eaks and liilltops chlrrted to 
Nerve as landmarke. 
For this purpo* the relief will be shown by ''forin iiiiea," the 

sketchtng of wlilch wlll be WntI'Olled by as mnny points (refer- 
ence points) of tlc~termlnecf heights and lomtlon 21% cnn be wnrtxi 
fro111 the R ~ O W  8s the ~ n r v e y  proceeds nlong Hie coast 

I n  genernl, these rcfrreiicc points, together with the c*levutions 
of promiiwnt nummfts, shall be distributed over the : w : i  so tiit it  

there wl!! be nt lenst one reference point for every 4 Hclcaw i r ic l i t s  
of fleld shwt, with r;iic.li fidcl!tfonnl ctlevntions ns cnii lw ohtalinet1 
witliout iiiit1iil.v dt1lnylng the progress of tlie~work. 
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163. Objects nlong tlie shore either unturul or urtlliciul tliiit 
iiiiiy lie uscful in future hydrographic work ~ h o i ~ l d  be located 
with c111.c cind so nauietl or clescril)c~l tlint they I I I I I ~  be IdeiitifiCtl 
witliout tlifliculty. In constal topograplty, ercii wlierc (lie hydro- 
graphic hurrey follows closely, it is cssciitiui to niiirlr ~icrmunently 
u sufficient number of poiiits to mnke i t  iiiiiiwwsiiry 10 rvdetrr- 
riiinc them by theodolite or plti~ie t t i b l ~  sltoulcl later bydrogr~ipiiic 
\\-ark lieconic uccessnry. On u rugged, rocky const this is caslly 
:tccomplished by placing patches of  ceiiicnt on tile rocliu, litiyhig 
eiiibcddcd thereiu u Inrge nail or other object to iiiuke ideutiiicu- 
tion more cprtniii. Uiidcr otlier topograpliic contlitlonu dlffwent 
durable marks may be used to give to the surrey n iiiore pcrinuiient 
value. Descriptions of Llie iiiarlrs nnd locntlons in duplicate liiust 
~iccoitipniiy tlie descrlptlve report of the slieet on wlilcli they ure 
)oca ted. 

164. Tlie loe~ition niid e1ev:itlon of hills or nioiintuliis wltliin tlie 
liniits of the sheet, so fnr  as mny be obtained froni the vicinity 
o f  the confit. 

106. Tlic nature  of the const liue J I I I ~  of 1110 lowwater  line, as 
sund, coriil rock, mangrove, etc., must be indicated by symbols, and 
the generul vegetation along the shore must be shown. 
166. Feutures uot fully surveyed, i ls the fLisl luud buck of the 

luaugroves and lnrgc nrens of swamp Innd, nlso the extension of 
: L  strenni beyond tlie 1Iinits uctuctlly run, niny be indicuted by 
brokeu line or tippropriate note. 

167. Use of sextant and theodolite in topography.-While the 
plane table Is tlie iiiost ~ s l u a b l e  instrument for topography, t h e  
surveyor sliould uot r~g: i rd  liiniself nq restricted to Its use. 
Where located signuls are in sight and the  sliore is lined with 
swamp or Inangrow, rind iu oflier situations preseutiiig 110 suitnhle 
locntlons for tlm tublq tlie sextant 11111~' be used to :idrniitn,~e In 
UllIng in topogrupliy by locating each principal friiture hy two or 
preferably tlircc sextant nngles, wit11 ntldltlopul :inglcr to tnngents 
of points arid otlier objccts. A contiliuous 8ketcll slioultl be innde 
in a slretchboolr, with the nngles written opposite the corresponding 
points on the sketch. Cnses inny nlso nrlse wlicre the topogrwliy 
may be obtuincd ndvnntaKeously with a theodolite tniverile line 
( the trnnsit cind stadia or clinin nielliod). 

A rapid and suMciently nccnratu nieliiod of ninpplng rivers 
which are compnrntlvely unimportniit yet  iiavigubie by sltiiill bonts 
Is by n iiiodIficatlon of the  slnditi method, in \vlii(-!l~ tlie dlstunce 
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176. The high-!niter liue, beiiig oiie of the u o s t  inil)orlriiit fe:i- 
t urcs on the sheet, shoultl be tlramii with suflicient strength to 
u a k e  it clearly clistinguishtible. The use of a full line for defiiiinx 
tlie ~ i n i i t s  of vc’gcttritioli outside OL’ the tiigli-w:itw line or tlie linlits 
I)c!t~vcen mursli and fiist Iirnd slioultl IE nroitled. 

177. l‘inie nee11 not be titken for the elaboriite covering of ii 

sliecl with topograpllic wgetrition symbols, but llinits may be 
sliown with words i n  the center to show the area covered. Words 
niiiy bo used to liitlicate rt~getation feritures for which there is no 
specitil synibol. 

178. Tile field topogruphic sheet: i s  n surrey record; it should 
show all useful inforiutition piuinly, neatly, and correctly, but 
tinie that  can be inore usefully eniployed should not be expended 
in eiidenvoring to niake it  a handsorile drawing. 

178. \‘,?lUlllJlC inforuintion, ufjefnl notes, etc., should i o t  be 
oniitted for fear of ~ n a r r i n g  the appearance of the sheet ;  nor 
sliould tlie topogrnplier liesitate to p lwe the necessary informa- 
tion on tlic sheet because lie is not expert at lettering. 

180. In lettering togogriipliic nnc1 Iiydrographic sheets, nanies 
applying to the land sliould be in vertical letters, the numes 
applying to tlie water, inclutling objects covered n t  high water, 
should be in slrunting letters. All  geographic names are to be in 
black ink, and ntinies solely for surveying use, as of signals aiid 
ntatlons, iirc to be iu red ink. 

181. C w e  iuust be taken not to confuse the symbols for sunken 
rocks (a  simple cross), rocks awusli (three lines crossing), aiiil 
rockR above high tide (hcrivy dot or S11til)e). Brief notes urc 
desirable clearly indicating tlie nature of iniportant reefs ant1 
rocks, as “ awash at low wiiter,” “ nwwh a t  high water,” ‘‘ cor;iI 
lieads bare lit low wnter,” “ breltkers at low water,” etc. 

182. The fol1o)ving remurks upply parlicularly lo  Philippine 
topographic sheets. The cocoanut paliii beiug usually n distiiictive 
feature on the coast, shoutcl be sliown by the speci:il synibot. 
Jlangrovc? growing in the water should be limited by a very light 
line to preserve the detail and correct posltiou, timl yet to ~q)rt : -  
sent i t  tliffercwlly from tlie strong black line used for  the liixh- 
wciter line. Sonictiiiies where there is ninngrore tlie solid sl1orc! 
niay iiot be seen, and i t  iniiy not he l>V:lCtiCiil)le to 1oc:ite it. I t s  
;ipprosiniate posit ion sliould be sliown by 1)rolten lilies sltetclietl 
on the sliect. Tlic ord in i i r~  coriil-reef synibol slioultl be used 
only to rc>prt?sent tlitt limit of’ r w f s  bnre or iiiwsli at low writer, 
and  slioulcl not be used to re1)resrnt rwfs covered to some depth 
a t  low tlde. When not developed by tlie soundlngs the llmits of 
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submerged reefs slioultl be Iiidiculetl by the sunkm-rock symbol. 
l i k e  p:idtlic!s m:iy be rc!pwscwtt.ti conventiundly iiy snitill irregular 
quudrilutcmils I~ouiirletl by sliglitly irrcguinr lines untl a little 
grussi 1 Is”. 

183. Inking of Sheets slioultl be done by tlie topofiruphcbi- him- 
self or by :I member of the party under his supei.visioii, rind iiS 

sooii us 1)ractic:able ufter the field work is  c*onipl~tetl O I I  eiicii 
sheet. Iutervnls of delay in fleld operations ~ n i i y  be iitilized 
tidvaiitugcously ror this purpose. The  inking of t i  siiet4 c:in not 
be colisitlercd ns finislied until all essential notes tuit l  ii:iiiies a r e  
inked. 

184. rkxi~mcy,  neiitness, and clenmess are necesso r$ in  inking 
sheetf? : beyond this fine drnftlng is not essentinl. 

186. Wlien for any rcwon rin iininke‘tl sliectt is t r:iiisniit t d  to 
the office, the greatest cure must br excrclsed by the chief of 
party thnl avciy fentiire, fact, unil iiiiiiic is cleiil*iy alii1 cllstinctJy 
showii. ‘l’lii! topogr:il)licr Iiiust nlso niiiitc I t  n point to sw m i l  
w r l f y  IIir slwct tit  s o i i i e  tinit: r\ftc.r it  is inktvl,  esnrnirilng every 
detail. 

186. 11 in ~)iti*tlculurly lniportnnt in such c w : c  tli:it sin1111 tle- 
tnclicd rwlrs CilOnfi tile sbore, nnd other fefltrires tiitit liiiglit be 
mistaken for flccidelital Inoi-klngs, slioiiltl bc uicide clwr, nnd i n  
gcmernl such objwts should be Inked by tlie topograplier. 

187. The ctlcvnlloncr of snnimits s11ouId he tlistinctly ninrked on 
the sheet, und cart? must he taltcn tha t  tlicy are not rubbed or 
lost before Inking. lied ink is to be iisecl for nuinericul elevutions. 

188. TrlniiK:ulntlon stntions should be marked by sinrill hlnck 
 circle^ incloxetl in red tritinplcs, with nnnies in red ink, but In no 
case sliould thls ~yinb01 bc perlnlttc*d to obscnrc n n  crwntlnl tqio- 
grnphlc fentore ; for  instnnve, in C ~ B C  of ti11 offshorv rock or  Islet 
iisetl tis u triiiiipiilntion al:ition, the rock or islet should not be 
obscured by 11ie stritioii synil)ol, hu t  liic kilter niuy iw  oiirlttccl if 
~ic~cess~ii*y siiil n i i  cspluiiritory note nirtg be ritltled as  to the station. 

189. l’lnnc-tiil~lc~ Imsitloiis  slioriltl I w  niiirlietl on t l w  slicct with 
siii;ill i.trl c4rc.li.s \ ~ I i ( * i i  t l i e  liosil iws ~ I I T  i * ~ ~ w ~ ~ i ~ i i b I ~ ~  ; i i i d  lii<(*ly t j  

190, Titics slioultl not I)(, I i i lted on orixiniii c;lic!cts lu tho field, 
Imt s1ioiiId iic furnisiied O I I  14’orni 5Xi1 : i i i ( l  plnnrtl to tlic sli?cst. 
‘J’lic infornitition must Incalntle grniml lowlltg, sliwlril io~~t i l i~y ,  
Iiiimes of chief or pnrty i tn i l  of ollicws nliiliing snr\’cy, dute 
(niontiis i i n d  ycrir), uiid scnlc, to::c.tlwr with 11 llst of all duta 
forwnrdcd wit11 the sheet. In the Plillippincs tlie slriiupcd title 

lie of ft i t l l i ’ t !  \.ii111(\ ; oLhi.r\\.ls(! S I I C . ~ I  1)osilioilS sl1t)l l l t l  l i o t  IW illlit?d. 
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form should be tilled i n  with ink on the sheet, or 011 ti slip pinned 
to the sheet. 
181. In preparing aud inking original sheets, bortli slitill I be 

taken as the top, and titles, nnmes, numbers, uiid ssynibois sliull 
be put on normal to the meridian regardless of the directloll of 
the borders of the sheet, except where it  is desirable thut i inm~s 
be lettered to conform to geographic features. 111 svch ccises tlie 
nnmes sliall be inked so as to be read wlien looking north. Nuwes 
should by their direction and prosiluity clearly iudicate the abject 
designated. 
192. Photographs or tracings of sheets.-Wien there is reason 

to believe that tlie mode of forwarding H sheet is not secure, i t  
should, if practicable, be pliotogral)lied, or if photographic fucili- 
ties are not availnble, an outline traclng of the nwre important 
fentiires of the original slichet iuny be made. Otherwise, no truc- 
ing of nn origlnnl slirct shciuld be uiade 111 tlie fleld. Bromide en- 
largements from photogiu1)lis of sliwts should not be mude except 
ut Wnsliingtou, unless specially ordered. 
183. When sheets are pliotogrultlied the plutes must be prcb 

served until the sheets havc been received at the ofth. Prints 
sliould not be illude nniess the sheets are lost. 
194. List of plane-table positions.-Before transmittlug topo- 

gmphhiC sheetr to the oMce, chiefs of pnrties will prepare n list 
of the proniiuent objects on the sheets that have been delorniine,l 
by the planetable, nuuiely, spirea, chimneys, cupolas, flag8tclExi. 
trees, etc, nuti such uutural objects as sliurp, \vell.detinerl n1oui1- 
toin peuks, rock clifps, tind other objects that might be P e c ~ i v ~ i ~ d  
and utilized, und purtlculnrly H U C ~  objects as will lw useful in 
liydrogruphic work; und indicate the position of each object listed 
by scaling the D. N. und I.). 1’. from the slieet in the following 
form, glving the height, if deleriiiiued : 

PkLllC-tUblC 1)08itbtl8. 

I I 

- ~ - - -  . . - . __I____ 

ObJect and description. 1 Latitude.! D. 3t. ’iz? ’ D. 1’. Helght. Remarks. 
-- ___ I !  

0 I ’ Mrlrrv. 0 I , Mrttrs 
Cupola, Iiwrison’xhouso. . 42 21 1 3% 1 72 40 ’ 3118 
Cupolo, Dlwkwell’s baru ..., 42 22 846 72 38 ’ 7L4 I 
Chlmney, srluare house, I 42 26 

North c.lirmnoy, Rodger’s 42 28 

Egkopnl Churclisplre ..... I 12 25 

M m a y  3lountnb ...._____.. I 42 27 

SlUlUl~b. 

Ilouse. 

I 

032 72 37 395 

981 72 38 1,Cm 

63 72 40 875 

426 72 46 125 
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195. Tliis list should be attached to the descriptive report. The 
exact positlon of the  objects referred to should, of course, be 
distinctly indicnted on the sheet. Where space perniits, the 
inore important objects, and especially those landmarks which 
should nppear on the chnrt, should be nnniecl directly on the 
slieet itself, either close to the object or by reference letter and 
note elccewheie on the .sheet. Brief legends descriptive of impor- 
tant lnndmnrks mny also, where practlcnble, be conveniently plnced 
on the sheet. 

196. Landmarks far  ahart8.-A list of the objects which are of 
sufflclent prominence f o r  use on the charts must' be furnlshetl. 
The selection, deteimlnation, and description of these poiqts Is 
of primary importance. When placed upon the publlshed chnrts 
with brief descripttve legends they nre IIttle less thnn indis- 
pensnble io- 

( a )  Alongshore navigation, especlally a t  dlfficnlt entrances or 
those subject to frequent and considerable changes ; 

( b ) .  The original locntlon nnd determination of aids to  iinviin- 
tion nnd subseqiicnt veriAcotion of their positions ; 

(c) Hydrographic esnnilnntion of features siibjert to change, 
to serve as the  base for more complete surreys, snch ns eiitrnncr 
nppronches, hnrs, and chnnnels. Also the vei.lficntbn of repoi-tetl 
shoals 01' other features Incorrectly or Incompletely chartef. 
197. In  rellnqulshlng charge of R topogrriplilc sheet, thv chief 

of pnrty will inspect nnd npprove ench shcrt before it is tmns- 
ferrcvl to  the cjffice or to another chid of piirty for coiiipletioii. 
When cfrcuiiistunces a r e  such t l i r i t  ti tlegnrtiire from this rule is 
unaroidnhle or when nny pnrt of t h r  I~roririons of the ~ I I S ~ ~ U C ~ ~ O I I H  

for conipletlng these shec'ts iire oii i lttml,  1111 rsplnntitlon shnll he  
forwni*ded promptly to  the ofiice for approval : n full expiunntion 
of the  circiiinstnnces mist I i l w  be entered hi tlie descrlpti\-e report 
ncctnmg~wyl~g each sheet. ' 

HYDROGRAPHY. 

188. Data to start survey.-l\'lieii the  information is available 
froni pierlous work, m d  the locillity of tile work nnd contlll ioiis 
nre s11cli tis to require it, the  following will be fiirnislierl wltli the 
instructions from the omre, nnd the chief of pnrty sliould nt once 
exyuniiire tlie iriftiinintion to see tliut it is coinpletct und understood : 
Projections 011 wliich have bet~n plotted tibinngnlatlon points, 
shore line, und till objects or fe;itures located by plniie table 01' 

otherwise wliieh mnf be useful in the liydrogrnpliy ; list of geo- 
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gi%plifc positions; desrriptions of stntlons ; tidal plane of refer- 
ence; description aud relntion of tidal bench marks; copies of 
previous charts or surveys; information as to dtuigers reported or 
other special features to be examined, and, in tile case of continu- 
ous surreys along the co:ist iu a new region, II copy of the 
progress sketch of the preevious senson. 

In regions where survey work has not previously been done the 
tr ihiylation may have to be accomplished and the tide plane 
deterniined by the party charged with the hydrography, and the 
projection will then be made in the fleld. I n  some cases it may 
be desirable to carry on the hydrography simultaneously with the 
trianmlation or topograpliy in order to save time or utillze the 
serviccv of all of the party nt the beginning of a season. In such 
ciises preliminnry locations of the signals should be plotted graph- 
ically on the boat sheet, but all the work must be planned with 
the view of ultimate control by the triangulation, and the inore 
iiiiportant stations should be carefully marked. 

198. The lists of geographic positions and descriptions of sta- . 
tions furnished to fleld pnrtles must be retnmed l o  the office upon 
the completion of the work. When former stations are recovered 
that are found to be insuMcJently iiiarkrd or dwcrihecl, or tlie 
marks partially effaced, or the witness marks gone, the defects 
should be remedied and an runended description forwarded (see 
pars. 84-96). Stations should not be reported as lost unless mi 

exhaustive secirch has been made. Wlien building signals over 
stutlons care should be tuken not to disturb the stntlon marks. 

200. Shore line.-When there is reason to suppose that the shore 
line has chnnged materially since the previous survey the im- 
portnnt features should, if practicnble, be I m t e d  in connection 
wit11 the hydrography, either with tlie plnne table or by doter- 
mlning prominent points by sextnnt nngles (preferably three at  
each point) nnd sketching in the intermediate shore line. Shore 
Une so located should be dram in brokcn line. The same course 
should be followed when the hydrography precedes the topography 
and i t  is impracticable at the time to obtain the complete topo- 
giaphic informtition desirable. 

201. Scale,-Unless othenvise directed, inshore hydrography 
&oUld be plotted on scale iiot less than 6, and must be done 
in sufficient detdl to fully develop recommended sailing lines, ap- 
proaches, chnnnels, and uncliorage nrens and remove doubt as to 
dangers. Anchorages, hnrbors, and channels may sometimes re- 
quire scales of & or even &. Offshore hydrography may UBU- 
ally be plotted conveniently and economlcally on smaller scales, 
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aa&, &, &, or hV. Where there are no dangers or 
details either of the liist two niuy be sufAcient for chnrting pur- 
poses. 

202. Location of signals.-It is desirable thnt  in ndriince of the 
hydrographic developnient n rcconnoissnnce be mnde, the best locu- 
tions for signals chosen, rind the whole work systematically 
planned. 

205. If the Iiyd.:ographlc work is to be based on trlaiigulntion 
and topographic points previously determined, these shonld be first 
recovered, tis far as practicuble, und if necessary cidditionnl points 
located from them. 

204. For triangulation methods, instruments, und records which 
dicnild be used for the extcnsioii of the trlnngulntion bPyoiirl the 
liniits alrendy executclil nnrl to rupply the place of points lost, 
,we pnragmplis 12-111. The sextant should not be used for this 
~UQNJSC nor for the locatioii of important liydrographlc signnls 
or of perinnnent objects, such as lighthouses, beacons, liuIi(liiigs, 
nnd other useful lnndmarks. 

able to locnte new signnls by sextnnt, three angles should be taken, 
if practicable. 

206. In some cases it may be neceasnry to locnte 11 subordinate 
signal or object by angles from several positions of the boat, the 
latter deteriiiined from other signnls. Where recourse to this de- 
vice is neccssiiry n t  lerist thrtr  positions should be used RS u check. 

207. Tlie omcer in clinrge should malie siwe while yet ou tlie 
ground thnt tlie position of every signal or object used in the 
hydrogrnphy is determined with sufficient accuracy for the scale 

the irojection, and this inust be tested by nct~nlly plotting or 
coinputirig in the field. 

208. Great care must be taken tlint ample fnformatlon for the 
correct plotting of every hydrographic signnl acco~npn~iios the 
record. A llst of such ns depend on planetnble locations iind II 
list of such n s  depend oii sextant nngles should be given In the 

Description of statiolis ” and in the ‘’ Descriptive report.” 
209. In connection with the trlnngulntioa rind plfine-tnblc work 

along the const in  n new region special nttention .must be given to 
determining suitnble objects for hydrogrnghic work, airh of which 
should bo described and marked wlien nccessaiy. so ns  to be nvail- 
nble for future use. 

210. A signnl erected exactly over un old stntlon should bear 
the name of that station. If for nny rrnson n sigiinl 1s located 
nenr, but not exactly n t  n previouh station, it iiiust liiive ci (lis- 

206. When in the course of the hydrogrnphic work it is tlesir-’ 

(See parngrnphs 73-76 and 104-196.) 
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tingushing iuiiie, or may be givcn tlie old iinrne i‘ollowed by “ so. 
2 ” or the ycar. 

211. Names of signals.--For conveulence short words of not 
iiiore than three or Pour letters should be used for  names of 
hydrographic signals. Avold using in the same locaUty t w r  
names that  resemble each other in sound. 

212. List of permanent positions determined.-Before transmit- 
ting hydrographic records or sheets to tlie oflice chiefs of parties 
will prepare a list of proniineut objects or positions of a p e r m -  
iient chnrnctcr thnt may be useful In future  work that  have been 
determined in  connection with the  liydrogrnpliic work. Indicate 
the position of each object listed by scaling the 0. N. Rnd D. LJ. 
from the sheet, in the form given under ‘‘ Plane-tnble posltlons ” 
(pnragraph 194). This list should be uttnched to  the  “Descrl1)- 
the report.’’ 
213. Character qf Siggels.-It will materially fttcilitute hydro- 

graphic work to have a sufficient number of conspicuous slgnnls 
which may be rcadlly picked up by the eextanb observers. For 
copveqience r r ; ~  well ~6 econoiuy ilntural objects, such ue bowlders. 
cliffs, and lose trees, and artificial objects, such as towers, flag- 
stnffs, lighthouses, gnbles of bulldlngs, etc., should be used as sig- 
n@ w4en available. Xt ie considered that  the  success of a par t s  
ei>gqged on offaore l3ydx%r@pl1~ depends largely on the type oi’ 
tnU slgnal axad sigual buoy nllowliig of the longest range of vlsl- 
billty. Speciflcations for  the ta l l  type sigiial and different classes 
of &nJ buDys w y  be had upon appllcation. 
214. A good fo1.w af hgdrogrnpliic sign:il Is n tripod with slnts 

:icryss two o i  its sides, or a pole with banners of! cloth 8tretched b ~ -  
tween cross pleees. so tbot the banners will show in different dlrec- 
tions. Driftwood, sninll trees, and other innteerial on the ground 
tind in the Tropicrr bamboo poles fastened with wire or rrittan. 
may be used economically. Si@& iiear each other 01’ slmllnrly 
situated should be vnried in 4os1u or color to avold liltellliood of 
confusion. The directions from wlilcb they wlll be viewed should, 
of coi~rse,  be considered in building signnb. Naturiil as well n s  
:irtlAcinl objects may readily be niade conspicuous by whitewash. 
Aadns t  n dark bnclrground mhlte slguals show best ; agulnst t h e  
sky black is prefernble. For  general use white is the better color. 
and cloth the better materisl, other conditions being equal. 

216. A tripod made of lengths of iron pipe, \vIretl tc&~tl icr  
through crosses at the  top, make% n tj1inpl.e sigud that wlll ~ t m i ( 1  
in a moderate depth of water, niid 1P wriipped with cloth and 
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with flags set in top may be seen nt n long distnnce. In esposeil 
situations in the water such signals may be made more secure by 

'pumpiug the legs into the bottom by means of a water jet; long 
poles and saplings hnve nlso in  this niaiiner been pumped in ou 
ocean bars nud hnve withstood storms. 

218. Indefliiite objects, such ns tops of round hills nnd centers 
of islunds, sliould never be used for crltlcal or inshore hydrog- 
mphy, but for offshore hydrography it is sometimes necessary 
t o  use the summits of mountnins wbicb have been determined by 
triangnlation ; of course, for this purpose, definite and conspicuous 
points are to be selected ns fais es pructicable. 

217. When sounding from bonts, it may somethnea be desipble 
to use the foremast of the vessel as a signal ; in such case the veyel 
should be anchored with n short scope, wd her position determined 
whenever there is any chnnge, due to change in the direction of the 
wind or tidal current. The angles determining the positions and 
the tiiiie they were taken must be noted, and this information 
should a180 be put in the record book of the sounding party. 

218. Plan of development.-The plan of development should be 
carefully considered in  advance, 60 as to cover properly the whole 
iirea, with suitable nllownnce for the relntive importance of the 
different i a r t s ;  the cloS~~1eS6 of development should vary from a 
masiruum in channels and anchorage8 having cfepth uenr the 
draft of the vessels to be accommodated to a minimum ou exten- 
sive ants of much less deplh and iu clenr areas of much grenter 
depth. Cnreful ntteiition niust also be given to the development 
of ellallow chnnnels and m t e r s  that are likely to be used by light- 
draft vessels, such ns motor bouts. The soundings upon the chart 
in addition to indicating to the mariner dangers, channels, aud 
nnchorages, also enable him by casts of the lead to recognize his 
position, and thfs requlres a development of the material and 
relid of the bottom within the limits of ordinnry Rounding depths. 
81s. In working on the general scale along a cwst in new re- 

gions, closer development shouId be made of nll parts where ves- 
sels are likely to be compelled to approach lund, t \ ~  in possible 
unchornges or off promontories, even though present conditions do 
not warrant special lnrge-scnle surveys. The lineR alioqld also be 
closer off projectlag points of land or reefs. Xu regions where con- 
tinual changes are going on the development n r ~ l  not be 50 de- 
tailed as in reglons where cliniiges do not take plpce. 

220. The order of the development of the llydroginphy ~lioulil 
depend on an economical management of the party. l\luch val- 
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uablc time may be lost in seiiding bonts to sound a long distauce 
from the ship or headquarters, nnd wheiiever circiimfitances per- 
inlt the anchorage or tlie shore quarters should be shifted to keep 
near the working ground. 

221. Systems of sounding lines.-Syslenis of parallel linex cover 
nn aren most evenly nnd economically, nnd zigzng lines, except as 
Irovided for  to  supplement wire-drag work, shouitl, in general, 
iiot be us&. The development should usually be by stmight Hncs 
perpendicular to the geiiernl trend of the coast, though the d i r w  
tion will depend somewhat ou currenls, wind, and vessel. 

When there is a strong irregular current in a thoroughfure or 
river, lines run normal to the cl1nnnc4, owing to the nonunifoi-III 
progress of the bont over the bottom, \vi11 not aiTord relinble meaiis 
for plotting soundings unless position nngles nre observed fre- 
quently. Under fiucli circunistrtnces tlie greater pnrt of the  de- 
relopment should be mnde by lines run with or against tlie cur- 
rent. For  a certain inilenge of sounding lines, a system of closc. 
pnrullel lines will develop a given nren more thoroughly thnn 
If the same mileage was laid out In two Systems, nt right angles, 
of wider-spnmd Ihies. IIowerer, cross lines fornisli n vnluable 
check on the uccuracy of the work, and i t  is tlierefore recom- 
mended thnt for  inshore hydrography the Arst syst em of parallel 
lines bc crossed by lines approxlinntelp perpendiruliir and spaced 
scvernl times tis f n r  npnrt 118 tlie fliat system. Outside of the 
10-fathom curve, such cross lines will be run a s  will insure thnt no 
i niportri nt changes of depth reinn i 11 i i n c l e r e l o ~ l .  Wlieii, however, 
a system of lines extends seaward for n consIdei*nblc distance be- 
yond where l t  cnii be checked by ohscrmtions on fixed objects, a 
few cross lines should be r u n  to  ennble the clraftsninn to detect 
gross errors. In  mnny localities the subiiinririe relief is char- 
acterized by a successio~i of niore or less continuous ridges whlcli 
trend in  a common direction, such as the submerged glaciated 
arens in Malne and Alaska, tlie fringing corn1 reefH of the Floi-idu 
Peninsula, nud the common Rnnd WILVCS and banks of rivers and 
coastal wnters. 

Wliere sucli ureas are surveyed inid developed by nienns of me 
hand lead, the trend of the 1'1dbw should be nscertnined by means 
of a general system of lines and flnnl clerelopiiient completa  with 
lines run nt an angle with the direction of the nxes of tlie ridges. 
Idnes making n iiiore or  less ncute n n d e  wltli the  axis of the 
feature nre uecessnry also i n  the development of steep slopes, nnr- 
row channels, and crests of bars. 
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222. The spacing of lines will huve to depend largely on the 
chnrtlcter and relief of the bottoiir and the importance of the re- 
gion. I n  general coast work with fliit niid sandy bottom and 
without indication of drtnger, inshore line8 may be spaced 200 to 
400 meters apart, but thls iiitcrval sliould be diminished for steep 
slopes, broken, uneven, or rocky bottoin such as nre found in the 
Philippines and Alaska. I n  Iuiporttuit anchornges and chanuels 
lilies as close ns BO ruetere niny be r cqu i r~ l .  Between tlre 10 and 
100 fathoiii curves about four, or ereu less, lines to the mile should 
be sufficient in regions like the South Atlantic and Gulf coasts: 
where there are no indications of dungers. In  general the mini- 
mum requirements will bb included in the instructions, and the 
chief of party should not hesitate to iiicrense the number of Hneu 
for the development of tlre areti, a~ the surrey may require, re- 
porting the necessary change of detctils to the office. All areas 
with depths up to 100 fathoms, including detached lumps outside 
the 100-fathom curve, should be developed sumciently for the pur- 
poses of navigation. On an abrupt coast. outside of the 100- 
fathou curve, lilies from 5 to  10 niiles apart should be run off- 
shore at lenst to the limits of visibility of the mountain peaks, 
or tlre 1,000-fathom curve. 

223. For the sake of economy care must be takeu not to eqtend 
the close inshore system of development Into open and deep areas 
where it is unnecessary, as n serious loss of time and energy may 
result. The system of lines must be varied to suit the conditiona 
Ordinnrily the close inshore work will be done wlth Iaunch or 
boat, and the more open omhore work with ship, the latter system 
slightly overlapping the limit of the former. 

224. Sounding interval.-The interval between soundings should 
depend on the nature of the bottom and the depth of tlre water. In 
depths of critical Importance to navigntion it should be made as 
short as is consistent with good work, and It should always be 
less than tlre interval between llnes. Generally in moderate 
depths of water inore Rouudings will be taken than can be plotted 
on the sheet. 

226. Time interval.-The time interval should usually be uni- 
form, the recorder indicating the time by the order ‘‘sound” to 
the leadsman. For very irregular bottom the time soundings 
should be abandoned nnd the IendSmRn should sound as rapidly 
a0 posslble. Under normal conditions and with a single leads- 
man the following time intervals have been found to meet the 
requlrementa : 
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Depths under 2 fntlioins _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  15-sc~co~iil interval- 
Depths from 2 to 4 fnthmns _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  20-second interval. 
Depths from 4 to 7 fatlioms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30-second interval. 
Depths from 7 to 10 fathoms _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  &-second interval. 
IJeptlls fi'oiii 10 to  15 fiitholiis _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l-iiiiuute interval, 

226. Sonnding speed.-The speed of the bont should be vnrled a s  
niny be necessary for etflclent nnd ccononiical worlr. It may be 
incrensM in very shoal water when soundings can be made 
~apld ly ,  and also in  deeper open water where n close interval is 
iiunecessary. But  it should never be so great ns to interfere with 
getting correct soundings. It is impossible to obtain up-and-down 
casts when the vessel is running nt high speed. About 5 knots 
should be considered as the innximuin speed through the water  
for sounding with a hand lead under favorable conditions. 

227. Precautions in case of danger indications.-When the bot- 
tom is ivcky, or  when detached rocks are known or suspected to  
exifit, the precautions in  soundfng should be much Increased. 
238. In dl1 cases of sbonls, suspicious soundings, 'nnd indlcatious 

of dangers, mhatever additional worlr is necessary to  develop the 
bottom tlroroughly and to  determine the least depth of mater must 
be done regnrdless of any prearranged system of lines. It must 
riot be  assumed thnt the'regnlar lines of souudings show the 'least 
depth. A sounding showing even w r y  little less thnn the nverage 
depth should be +egnrded as the fndlcntion of n powlblc shoal, 
much more so when two siich shonler soundings nre foiiii8 on con- 
tlguous lines, and In such case very careful iiirestlgntlon should 
be made of the vidui ty  t o  obtain the least depth. 

228. Depth ourves.-A rnlunble test of the completeness of the 
tlntn from n hydrogrnphic survey is to drnw the ciirres for nll 
depths. The data  are adequate mlieu no doubt exists of the 
locution of any portion of n curve. 

280. Additional development-All dlrinnels. sailing lines, ancl 
anchornies should be sounded thoroughly and drngged If neces- 
wry; additional lines In the  directlon of the axis of the channel 
or  of the sailing lines should be r1;n i f  tlwy we not parullc!l wlth 
tllc 'system of sounding lincs adopted for the genernl development. 
Sniling Ilnes should not be recomniended wlthout actual test by 
running lines of soundlngs over them. 

251. Ranges for running lines.-Sounding llries are ordincirily 
run 011 colllpuhs courscs. IhllA~TS of nuturn1 objects on shorc 
should be picked up when prncllcnble iiiiil will be especlrilly use- 
ful when there is airy wlnct or current. Csnally, however, it will 
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not be desirable to delay the work to select ranges or for the pur- 
pose of getting the boat in the exact ponltion to start a proposed 
h e ,  iind thls must not be done unless there is spectal reawn for it. 
When essential to Relect a range, the angle between some slgnnl 
und the llne proposed to bc run may be taken off the sheet wlth 
ti protractor, and with the sestcint set to this angle search made 
for sultable objects usliore in tlie direction of the llne. 

282. Running lines by compass.-A proposed system of parallel 
lines spaced us dlrected should be laid out 111 pencil on the boat 
sheet. In followlng 11 coursc indicated by a peiicll line, whw 11 
position plots OR -to one side, posltiori angles should be taken at  
the moment of chnnglng course. No tlme should be wasted, how- 
ever, in attempting to follow closely the ~wncil lines on the boat 
sheet. 

.29S. In close development with pilritliet I lna ,  soundings should 
not be taken between the last position on ope line and the first 
position on the next llne. 

294. I n  cases of esposecl slionls with breakers it uiuy be im- 
practicnble to do more than PUU R llne just outside of the breakers 
and to note the dlstnnce of the sounding boat off the brerllwrw at 
uumerous points. 

256. Speoial development of reefs, shoals, bara, and ohanneb.- 
In surveying n reef with a slnglo high pointlor surface a bnry is 
generally placed on the liigliest point nud radiul lines run Proin 
this; but this may glve nit imperfect iden of the slmpe of the reef, ah 
the fines diverge rapidly froni each othei.. New Ilnes should< be 
introduced, therefore, between the flrst rudiul lines ns they m e d e  
Prom the buoy, 01’ preferubly the area in quovtion should be devel- 
oped by a system of close parallel linea and cross lines. On shoals 
or rocks that nre bnro at some stage of the tldo the depth ahould 
be obtained if practicable. 

296. If the reef hns more than one high point, several buoys 
placed upon them wlll glve the meaus of lnylng out upoil n dfn- 
grnm aud of executing By sounding 11 regular plnn of work wlitch 
will slion tlw pculiaritles of the wef, increasing the sou~~iilnga 
where tlw slopes nre steep or the irrcgalarities great. I t  is very 
deairnble to visit rocks and shoals tit extreme low water, when 
an esiiniinatlon iniiy show how near tlie surface nny portion np- 
proaches. 

997. In the developnirnt of nreas reinoto froom shore s l g ~ ~ ~ l s ~ ,  
wnter Blgnnls (or buoys wlth slgnal supei%tructuiws) must be 
estnbllshed so that dotnlls may be studied in their true relative 
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position and results inntle coiiclusive ; these water signals must be 
connected with tlie remote shore signala 

288. In harbors lines should be run to the outer face of quays 
and wharves to show that water can be tnlten to them. 

298. Wlieii convenient, shoals and flats bnre a t  low water may 
be sounded over at: or near high water. When reduced for tide 
these soundings will show tlie height above the plnne of reference. 
These ii-lghts will be plotted on the sheet as “nilnus souxidlngs,” 
that is, the heights In figures will be plotted mitli tlie ininus sign 
before each. In general, whenever a sounding is less than tlic 
amount of the tide reduction a t  the same moment, the dtfference 
should be plotted as a niiuus sounding. All minus soundings are, 
of course, to be included within the low-water line. 

240. Locating reefs in heavy weather.-On II field of work er-  
posed to the sea, reefs and shoals may be discovered, located, or 
verified during heavy wentlier by occupying two OF uore stntionh 
and with an instrument cutting in the breakers, or by cutting 
them in from a vessel. Tho depths cnn be asccrtnined during fair 
weather. 

241. When the survey of 11 slionl or rock is flnicrlied, care inust 
bo taken to note upon the spot a111 useful ranges, bearings, and 
marks which lead over it or clam to it on every sidch. 

242. Examination for adequate development.-The develo~~~uent 
of channels having moderate depths in the fairway, arid that of 
I)urs, if there are any, which obstruct the fnirwtiy, is of the ut- 
most imporbnco and should receive the close personal attention 
of the cliief of party. After tlic lines are plotted rind tlie curves 
drawu in he should carefully trace out each clinnnel and assui’e 
hiinself that no soundings nre wnntlng to sliow exactly Iiow niuch 
water can be carried throughout its whole extent, aiid eslrii lines 
should be run wliei*c there is tlic lenst room for cloubt. Should he 
flnd indications of a bar, n further examination must be made to 
develop i ts  form and extent and to niuke mre of Iinving found the 
least depths upon it. 

243. Dragging for dangers should be resorted to in cases of 1111- 

portant ctinnnels nncl nncliorages where obstructions have been r e  
ported and not found or where the nnture of the bottom and sur- 
roundings indicates a likelihood of dnngers wbicli might be iiiism 
in the ordinary sounding lines. Even in the clowst dpvelopinent 
with the sounding lead pintincle rocks luny be missed, nnd n 
thorough sweeping of a doubtful area is neccsmry to prove that 
it fs clear. Experience indicutes thiit this preciiution is well war- 
ranted in Important arcns. 

(See par. 275.) 
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. . .  
Less than 3 ob0 feet ..................... 
S,C#lfeet:.[::..: ....................... 
4,0001eet. ............... ..I. ............ 
6,OOOfeet. .............................. 
8,000feet and over ...................... 

The wire drag is the only t w e  niid eflcctive menus for this 
impose. I t  is described in the Coast nrid Geodetic Survey Specifil 
I’ubllcntlon No. 56, with general directions for its use. 

In plotting n large area of drag work the method described in 
Special Publication No. 56 should be followed. For sinnll orem 
the positions inay be plotted on tlie regular hydrographic sheet, 
but tho coniiectfng lines should not be drnwn, ns this will iiiter- 
fere with the legibility of the soundings when plotted. A piece of 
Yellurn sliould be used to sliow the details. 

A drag inndc of pipe nud intended $or use with n surveying 
vessel 1s described in Appendix No. 6, Const nnd Geodetic Survey 
Report for 1903. For surveying operations this npparatus liiix 
been superseded by the wire drag. 

Where speclal apparatus is not available a drag of soiiie sort 
sliould be improvised to senrch for an importmt reported obstruc- 
tion which c h  not be found by the lend. Two pulling boots inay 
be used, and the principle of the wire drag should be followed in 
keeping the drag taut by means of wdgiits at each end and the 
boats towing on courses somewhat divergent. Wire should gref- 
crnbly bu used, or, in its absence, rope or light chain, or nn iron 
pipe or bar suspended horizontally may be towed beneath R 
launch or between two bonta. 

244. The length of drag will depend on the nnture of the work 
nnd the amount nnd qnnntity of iniiteriol nvnilnble. With stand- 
ard equipment lengths of drog under 3,OOO feet are rarely used 
except in chnuiiels with less width tlinn this. The foliowlng table 
gives inforiiintion relntlvo to drag lengths in ordinary use: 

Feet. FU(. 
300 .......... Narrow channels. 
900 2 700 Ver brokenbottom. 
400 3’800 d e n  bottom 
Mx) 4:Mx) Fafrly clear botiom. 
800 .......... Deep water. 

Tfingths of drag for deep-water work are coinmonly 9,OOO, l2,OOO, 
nnd 15,000 feet, depending on the area to be covered and the cur- 
rent velocity. 

245. Drag depths shall be rderred to the plane of menn low 
water unless otherwlse instructed. It is considered that an 
exnmlnation to n depth of 50 feet n t  menn low wnter is sumcient 
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i o  insure safe navig11tio11 for surfucc vemels, while tin exuminatio~i 
to lo0 feet Is necessary to snf eguurd sub~ii i ir i~it~ n t i v l ~ t l o i i .  
Therefore, unless otherwisc iiistructed, tlie following wlll be t l iv  
standard drag tleptlis : Deep-wnter areas  to 100 fed‘ or OWP : HWUS 

w-itli deptlis t ) ~ t n . t w  50 nnd “IO feet to within 10 or 20 feet froiir 
the bottom ; and ni-ens with drptlis less than 50 feet to within 
xbout 3 feet from the bottom. 

\VIieii tlw drug is towed through tlie water the hottoiii wire 
will ubually lift sllglitly. The nuiount of this lift, which is mrely 
over 2 feet, xhtill be detrrinihal iiy tests usually conducted from the 
tcwler. For tlils purpose a tester should be used mhicli iii:iy consist 
of u &inch metnl rod about 3 feet long iittnched to oiie end of a 
small chain. This rod and chiiin is gradunted in the same manner 
ns u lead line, the chniu being used to insure nn inrorial)le length. 
The tender should stop n short distance ahead of the_dnig opposite 
the point to be tested and lower the  tester to  a depth nbout eqmil 
to  the lipriglit length. \\*hen the mire strlkes the rod the tester 
is Mted until it  clears the wire and the difPerence between the 
upright length nud the rending of the tester when it clears gives 
the lift. 

To obtain tlie upriglit setting for a certain effective depth udd 
to  this depth the lift correction and the heiglit of the tide above 
meiin low w:~ter ns shown by predictions. While predlcted tides 
lire used for setting the  drag, the final fdUctfOn Is to be luntle 
by using observed vtilues obtained during the course of the work 
on II near-by gauge. 

In channels nnd in deep water the  drag  1s usunlly set to o t i ~  
depth throughout, nnd for the latter work I t  is custoiiinry to nvoitl 
depth chnnges by setting the drng for the mnximuni height of 
tldc tha t  \vi11 occur during the day. In shonl wnter fnirly loiip 
drags can be used by setting the drag  nt different depths to coli- 
form tq the bottom contour as shown by soundings. 111 this class 

work frequent deptli chnnges nre necessary, in order to cillow 
iol. riw and fall of the tide, to  conform to chnnging bottom contours 
~ i ( 1  to aroid shoalf? p~vviomlg  discovered. In  this claw of work 
i t  is not gootl practice to have the difference in length be twtw 
adjoining uprights greater than one-fortieth of the dlstnnce 
between them. 
246. 111 clrtiZpIiig iirciis \vlicve sountlinfis of previous surveys a re  

widely spncecl and where nddltlonul information relative to the 
depths is required tniundlngs tuken ut wtiitrd lntervnls nt snqli 
alternate buoy cluririp the progress of the drng will give n 
staggered 111ii. of soundings over the entire puth. The soundings 
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are plotted a t  tlie position of tlie buoy by uslng the time interval 
on the normal lmth of tlie buoy. When the positlon of the drag 
vades from its norrnul curve the position of the buoy at which 
tlie sounding i s  taken sl~ould be Axed in order to plot its position 
on the curve of the drug. Tlils inethod of sonnding should be 
rrsed only when specfully Instriicted. 

247. All operations uncl firrgles iir wire-drag work are to be re- 
corded for Anal preseruatloii and for Later work on the smootli 
sheet. A sepnrate siiiootli sounding record and a wlredrag record 
ure to be kept for eacd sliwt. The end launch omcer record&, 
for future coinpurlson, euclt uugle that he signnuls, together with 
tlic time. EucIi tender records all data obtained on slionls; 
depth chnnb-s, giving the time that the change started and ended, 
the new dc.ptli tind tlie buoys involved in the change; drag tests, 
e t c  All data in r e g ~ i v l  to slionls nre to be copied from the tender 
records Into the smooth sounding record 011 the guide launch, 
while other informutioii is trmsferred to the wire-drag recortl. 
Soundings taken during tlie grogress of wire-drag work shall be 
recorded in a seliurate somiding volume. Wheu cats or bearings 
are taken froiii tlie eiid or .yidiug lnunch to locate tlie posltlon 
of u soundlng nt an lutermedlate buoy they shnll be recorded in 
tlie same volunie with tire sounding. 
On the Arst ynge OC eucli record aie to be entered the names 

of objects used for coiitrol and the manner in wliich their loca- 
tioiix nre obtained, together wltli the shore names usslyed to 
them f u r  convenience in recordhg. On the second page the party 
organismtion shall be g h n ,  mltli the name nnd duties of each 
member. Rubber stamps nre provided for insertion of dnbi at 
the I~eglniilug rind end of encli day. A stamp may be obtained 
for inwrtioii of Initinl lengths of upriglit nt tlie beginning of the 
dits aut1 wlienever 81 depth than@? Is made during tlie day. At 
each positlon tlie time, position angles, buoy anglea distance 
anile, signal4 rtngle, and distance sliall be entered in the order 
named. A bnoy angle 18 to be considered ns plus If the buoy is 
t o  the right of the object, and mlnus If to tlie left. When the 
draK catches on a Bhoal, an excellent checlr on the #boa1 position 
is obtctitied by observing and recording a bearin:: to tlie indicated 
position, with a note as to the iiumbcr of the buoy neaivst tHe 
shoal. 

Succasive dags are to be lettered I n  ordei, and corresponding 
days in the wire-drag and sounding records are to be given the 
Pame letter. Hxplanntory notes should be entered, when neces. 

13027°-21-7 



98 

sary, in the wiredrug record, and every care taken to make it 
clear and complete record of each day's work. 

For long-drag work positions are to be recorded on the cud 
luuuch and later transferred to the ilglit-hand angle coliimn of 
the guide-launch record. 

248. To reduce the records, the upright length is to be entered 
In the proper column at the top of each page and where i t  is 
chmged by a depth change. The correction, as shown by tests, 
is entered and subtracted from the upright length to obtain the 
drag depth. If there is a correction for swell it shall be noted 
by the ofllcer in charge and added to the correction. For deeu 
drag work a factor of safety may lie introduced, at the discretiori 
of the chief of party, by adding a foot or two to the lift shown by 
testa. Tidal reducers a re  to  be entered in the snme mmuer as 
for ordinary hydrographic work and applied to the drag depth 
to give the effective depth. If the tidal change occurs between 
two positions, It is shown at the preceding position if it decreases 
the effective depth, a n d  at the succeeding position if the contrary 
is true. All distances must be checked by recomputution. 

249. At the end of each day in the record an effective depth 
diagram will be entered. This dlagrani, which is simply a sum- 
inury of all effective depths obtained during the day Is to be 
entered in the following forni : 

QEHERAL INYl'RUCTIOSS FOU 1~'IELI) WORK. 

POSitiOll Remarks 
43 45 

1 N _ _ _ _ _  6 _ _ _ _ _  F B 
34 

2.8-6.4 2 ----------_-- I 
44 35 

8 N _---- 2 _ _ _ _ _  6 Tlde. 

The first entry shows the Initifll effective depths, the letter 
B indicating that the line begins. On an inclined section b e  
tween two different upright lengths, the lesser depth is to be 
considered a s  extending horizontally to the first upright set at u 
greater depth. Thus a t  the beginning of the diiy buoy No. 5 is 
set nt 43 feet and buoy No. 6 a t  45 feet mnking the pnth of buoy 
No. 6 the dividing line between depths. The swoncl entry show8 
a depth change of 34 feet made from buoy 3 to buoy I7 in the  
direction of the arrow. As the depth is decreased the change 
extends automatically to buoy 2 as soon a s  buoy 3 is changed. 
The fractional position numbers show that the change started 
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between positions 2 uiid 3 nt a time when buoy No. 3 hud trilv- 
ersed 0.8 of the distance between the two positions, and that it 
ended when buoy l7 hud trarersed 0.4 of the distance between 
positions 6 uiid 7. At position No. 8 ;in Increase of 1 foot in the 
c4ectire deptlis, due to tidnl decreusc, is indicated. 

250. When the drag parts, cure should be tukcn to eliluiuute 
uncertuintg by the rejection of a suacient  number of positions. 

251. For  plotting, the smooth sheet is protectcd by trncing cloth 
held securely i l l  place, with smnli holes cut tlirough over eucli 
control objwt  position 011 the  sheet. A number of bont positions 
tire plotted, af ter  which the buoy positions are plotted and pricked 
through on the smooth sheet. The successive buoy ilositions art1 
coniiected by strnight lines, using u pencil hard enough to ilidellt 
the smooth sheet. Care must be taken t o  plot the buoy positions 
within 11 reasonable time after the boat positions, lest the tracilig 
chmge its position with relation to the sheet. The tracing is then 
removed while the path lines are drnwi  in  pencil on the smootli 
sheet. Every fifth position is indicnted by its number and tiic letter 
of the ulphabet assigned to the duy, using ink of one certain color. 
These numbers should be entered only on the guide-launch side of 
the strip. Tile curved liue of the drag is drnwn ut tlie end of euch 
strip, using the buoy spacer. The positions of all shoulcl discovered 
during the day are plotted, either immediately before or uf tw 
plotting the day's work, and numbered us  for the drag positions. 
When a drag strip en& on a shoal, care must be trike11 to estend the 
line of the drag  back of the shoal. 

After the various strips are plotted iu  pencil they are subdivided 
to sliow effective depths. For  changes due to tide the  line of t h e  
drag is drawn with the spncer at the proper point. Depth changes 
lire shown by connecting, with a line, the position of the flrst buoy 
Involved a t  the t h e  the change started ahd the  similar position 
of the Iiist buoy changed. If tlie c h n g e  affects less than half til(+ 
drag, tlie two positions are connected by u straight line. If niorp 
than'lialf the drag is Cllanged, i t  1s best to  locute the middle buoy 
involved at the tinie it wns changed, assuming a uniform ixte of 
change, und to connect the three polnts with n omootll. curve. 
With n drug set l i t  different depths, the dividing lines are obtn ind  
by plotting the positions of the dividing buoys at each drag position 
m d  connectliig 8ucceeding buoy positions with straight lines. 

After a strip Is subdivided each subuivislon is  outlined with 
colored ink in nccordnnce with the following color schemes, and 
with the rule that  deeper arens are completely surroundN1 witll 
line 6f tlie proper color, while arens of less depth nre surrounded 

' 
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by the proper color, cbscept wlici~c~ tliey ndjoin nn aiva of greater 
depth : 
19 feet and under--- ------_ - -_-__-____-______---______ Brown. 
20 to 29 feet __-___- -_ -__ -_  _-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  Yellow. 
30 to 39 feet _-_-_- - _- -_-  _____---_-__- _ ._______Riue. 
40 to 59 feet _ _  1ted. 
00 to 70 feet _ _ _ _ _ _ _  I'urple. 
80 feet and oyer _-__-_________- -. - __-Orange. 

Each area has one or more light lines exteudiiig acro~is i t .  with 
a space for a numeral representing the differeace between the 
effective depth and the color base. Thus an : irw dragged to Q4 
feet will be surrounded with 1111 ornnge-colored line nnd contnin 
the numeixl 14. When the strips are Inked, corresponding posi- 
tions of N and F me indicated by short lines drawn from each 
toward the other. Each fifth Iasltion is indicated by silghtly 
longer lines. 
In shoal lmlities, wliere an wen may be covered scverul times 

by drags set nt different depths, the subdivjsion described above 
may be simplifled by tracing uch  strip as it 18 plotted, subdivlcl- 
ing the strlp on the tracing and then transferrlng the subdlvi- 
sions to the sniooth sheet. 

252. All records of drugglog operations 8houlrl be kept in  wire- 
drag record hooks, and the work clearly explained. 

253. Position angles.-For locnting pORitlon of sounding 1 ) o ~ t  the 
two niethorls generally used are by theodolite ringles on the b a t  
from two stations whore, and by sextant angle8 froni the boat 
on three ahore signals, or 8 combination of the two. The former 
is the most precise, but is not well adapted to surveys of extended 
nreas. 

254. The second method is employed in nearly ti11 tile coust 
work, the principles involved being the snme as in the location 
of plane table In topographic work by the three-point problem. 
The strength of a determination of posttion depends directly on 
the relative positions of the three fixed points and the position 
sought. There are usually (I number of objects from which to 
select in taking the sextant nngles, and good judgment is re- 
quired in making this selection; some posftlons of the objecb 
\pith respect to the observer give strong conditions and some very 
weak conditions for the angles. 

266. Strength of position angles.-A elngle angle between two 
fixed points gives as a locus of the vertex part of the circum- 
ference of a clrcle through the two k e d  polnts in which the 
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given angle may be inscribed. T w o  nngles measured between 
three fixed points determine the position as at the intersection 
of three such loci pnssIng through each two of the points, respec- 
tively. The strength of the position depends in part on the 
angle n t  which these circles intersect ; ns they approach tnngency 
the positioii becomes weak, iintil the limlting case is renched, 
when the position is 09 the circumference of the clrcle priding 
through tlie three dxed points. In this cn8e the ttlree.position 
circles coincide nnd the  position is indeteimfnate and can be 
plotted only as somewhere on the circle. 

266. Whenever the distnnoe bebveen nny two of the  flxed points 
Is small n s  coinpared with the  distance from them to the observer, 
the corresponding position circle wlll be poorly determined and 
the position will be weak. 

267. Bnsecl on the two prececlhig paragmphs, the following 
shoulil be  observed tn selecting objects for angles : 

268. Avoid any selection iii which the boat's position is on or  
nenr the circle passing through the tlu'tw 8sed points. This is 
commonly cnlled 11 '' revolver " nnd I s  to be constantly guarded 
agninst. IJI cnse there Is IJO c-lioice of sIg11n1s and n " revolver " 
is expected, ns niny sometimes occur Iiiuliore nenr the end of n 
line, n third angle skould, if prnctlcublr. he titken to a goint of 
Innd or other defined object. 

269. AvoId Vmlection ln which two of the fixed points are close 
together i s  compiirc.cl wltli their distniice from the observer. 

260. A strong position \vi11 be obtriined with the three objects 
nearly In lfnr or with the ceiitrnl object iienrer than the otherr, 
and no nngle less than 30'. 

261. Sinal1 nngles should gellerally be nvoided, ns they give 
wenk positions in iiiost ernes find also are npt to  be inconvenient. 
to plot. 

262. Thcrc~ is one (mr, however, 111 which n sinnU nngle mill 
give n strong position, and that  is when two of the objects nru 
neni'lly in line nnd not close together and tlie third object IS so 
locnted a.9 l o  glve n good ungle of fntersectfon with them. Tlie 
IImiting cnw is w b e h  the posltion sought la 111 range mlth two of 
the  objects. Only a single angle need then he observed, hut a 
second nngle on n fourth object mny be taken ns a check. A 
range shonld be tnken when there is opportunity, but the mnp! 
iwlnts should not be relntively close together. 

263. A s  slight errors iu nngles affect n position more with dis- 
tnnt signnls than when near objects are observed, preference 
Rhould aIways be given to the lntter, otlirr conditions heiiig fnvor- 
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able. The uncertainties of plotting due to paper and instruments 
also make it pre€erable to use near objects. Thns for inshore 
hydrography it is desirable thnt signals on the adjacent shore 
be used, and not very distant signals, as for instance, those 011 

the opposite side of R bay. 
264. When the central object is very close and the other two 

objects distant, the whole angle between the latter should be ob- 
.served if practicnble, or the two separate angles should be taken 
from the same spot, to avoid the error i n  position thnt will other- 
wise result from angles taken by 0bserve.w nt points slightly 
apart, if the two angles are not taken at the same instunt. 
265. If practicable, avoid angles between signals having con- 

siderable difference of elevation, when either is near the observer. 
208. If in running the sounding line both angles change slowly, 

the position will be weak. In plotting it should be noted that the 
position is strong if a slight movment of the center of the pro- 
tractor throws the arms uwny from one or niore points, nnd that 
the position is weak if such movement does not npprecinbly dis- 
turb the relation of the nrms to the three points. 

267. Tlie t h e  iiiterval between positions will depend on the 
scale and the cliaracter of the hydrography, but on largo scale 
work should seldom exceed three or four mlnutes. For con- 
venience in plotting and spacing soundings, positions should ordi- 
narily be taken on tlie ful l  minute, nnd when possible at uniform 
intervals. Position uiigles should, however, be observed when 
there are sudden changes of depth nnd at nll changes of course 
and of speed. 

268. Where the chunge of course Is considerable, positions shoultl 
be taken both at the time the change is made and as soon as the 
boat is on tlie new course, and in such case the trnck of the 
sounding boat should be plotted as a curve and not as n sharp 
angle. 

269. In  addition to the position n t  the beginning of the Iiric, 
position angles should again be observed when the boat galns 
full headway (to be noted in the record) in order to avoid the 
serious errors in spacing soundings on tlie plotted sheet ns (1 rc- 
sult of the variable speed of the bont. The same holds true when 
the speed is slowed down on the approach to shoal water at the 
end of a line; that is, position angles should be taken when the 
bont is slowed down as well us a t  the end of the Ilne. The irregu- 
lar and improbable depth curves sometimes seen on plotted sheets 
near the shore lire geiiernlly due to 11 failure to tiike account of the 
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changes in speed of the bout nenr the beghning and end of sound- 
ing lines. 

270. Positious may conveniently be recorded in the following 
form, the signals being nr?med from right to left : 

4 Bel 70" 40' 
Cat 
Dog 41' 14' 

871. The position number is to be placed immediately to the left 
of the tlme at which position was taken, being careful that  there 
is no uncertainty as to which tlme is  referred to. It is Importnnt 
t h a t  the time recorded should be tha t  at which the position and 
sounding were actually taken ; discrepancies in the hydrography 
will result from lack of care in this respect. 

272. A range la indicated by zeros with n line drawn through 
them, thus: 

4 Bet 61' 27' 
Cnt 
Dog QQ 

a73. Buoys and other aids to navigation within the fleld of work 
should be determined by special sextant angles. If found to be 
out of position o r  unfavornbly located, this should be promptly 
reported, as well as any recoamendationa as to desirable posi- 
tions for  aids to  navlgution. 

274. The method of locating positions by two tlieodolites nsliore 
should be used when extreme nccuracy is demauded, as in harbor 
improvement surveys. Although not often employed in general 
coast work, it mny be convenient in some cases. For !nstnnce, 
the signal at the  masthead of a vessel 'may soinetixne3 be dls- 
tinguished at ~1 greater distance omsliore thnu the shore stations 
can be seen from the vessel. The two theodolities are set. up at 
suitnbly situated triangulation stntions. All tile dircctious are 
referred to a known direction ns zero, which it will be  conveuient 
in plotting to  have to the left of any position of the vesscl, whsn 
the theodolite is graduated clockwise. This  zero should be verl- 
fled, say nt  tilt, heglnniug of cnch puge of the  record, by recordlng 
a pointing on the reference object. 

276. A t h e  bull or flag l a  shown from the vessel each time a 
position i s  required, nnd the insttint it is droppcd tbe direction 
of the foremust of tlic vessel will iw observed nt ench station, and 
the  tlme recorded a t  the two stations and on board. Or observn- 

(See par. 401.) 
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tions made by 11 prearranged time schedule, in which cnse occasional 
signals should be made, if possible, for the compartsou of cloclw. 
The clocks should be set to t i p e e  trnd compared at the end of the 
day. 

278. Positions for off shore hydrography.-In developing offshore 
areas along the Atlantic and Gulf consts, survey buoys n w  ~~lnccd 
two or three miles beyond the limit of visibility of the tnll sigunls 
ou the coo&. The positlons of these buoy8 are determlned by 
intersecting cuts taken from the Survey vessels while nt anchor 
at various points mithin the range of visibilitg of both shore 
signnls and tlie buoys whose positions ure to be deteriuined. With 
this control the fixed positions on sounding lines a r e  carried from 
5 to  '7 miles beyond the liniit of visibility of the shore stations. 
For  the survc'y of nu important bnnk offshore out of sight of ob- 
jects on land, a sestnint triangulation should be cnrriccl out from 
the shore to locate several buoys 01' beacons pluced on the  bnnli 
to serve u s  signals tluriiig the iiydrogruphic dereloliment. For the 
interniedicite stntlons between ahore and bank sni1l)onts may l~rovt! 
convenient, as they caii bc reatlily s11iftc.d f r o ~ i  point to point In 
ti scheme which requires sevwnl figures to uii~lw the coiinectlou. 
If, oiviiig to  rough seas or other cnusa ,  this method is found 
impnicticable, the use of two ship logs niid 11 record of the eiiginc 
revolutions, previously staudardized, :lud the conigciss to determine 
n position on the bnnk by the adjustment of outward runs from 
ti known position combined with thut of retiirii runs to a shnilar 
position in rjiglit of land is recon~mended. The relative positions 
of the coutrol signals on the Imnlc c'iiii tlieii be determined by 
courses uud log cllstnnccr, tis well u s  tiextiint iliigles. When tlie 
signals nre short dlstnncex iIpurt, 8 run  between any two by 
compass and log r;liould be lmmedintely repeated i n  the reverse 
direction to  elimlnnte the effect of current and other sources 
of error. For long dlstnuces the two runs should begln and  
end respectlvely with the snme phrise of tide. Tile record should 
be complete ns  to  the compass cleviutions, log corrections, cur- 
rents, wind, and nppnrent drift. The sounding lines should be 
plotted and  adjusted by the  fleld pnrty. I n  nll coast hydromnphy 
where the lines run offshore out of sight of slgnnls, ciirrent ob- 
servations sball.be made while on the sounding lineR, nbout once 
every two hours o r  a t  intervals of not over 10 miles. Each 
course is to  be corrected for leewny. Having a n  annemometer 
nvailnble, a tnble should be prepared giving a factor for  the 
Wind nt each 45' Prom ahead or nstern on efther sfde of the 
vessel. When possible, astronomic observntlons nt the current 
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xtntions sIin11 be triken for shiph posltlon in addition to  all of the 
dead reckoning duta obtained, making nlso full use of wireless time 
c-ompnrlsons. Complete adjustment of the positions must be 
s11own. 

277. A reconnoissnnce of a bank offshore, where signals can not 
be seen from n boat, may be made by anchorlng the ship and 
sounding with a boat, obtaining tlie distnnce Prom the sliip by 
inensuring the verticnl nngle t'roni the water llne to the mast- 
henrl nnd taking bearings on the b%t with the ship's compass. 
The height of the mast above the water furnishes u vertlml base 
for plotting the dlntnnce of tlie boat. 

278. Soundings with lead and Iine.-Tlie lendsman should be 
trnincd to estiinnte tlic probable depth for the next sounding in 
order that he may pay out nil adequnto m o u n t  of. spare line; 
too much may be more objectionable than too little. The effort 
should be to hnve the lend draw the llne taut as it reaches the 
hottoni; also to have the lead reach the bottom ns tlie leadsiuan 
w t s  over it, or just before the line hwonie6: plumb. The leadsman 
should then quiclrly lift the lead off the bottom, and a8 it touches 
tigaln read the depth. l'hls is an iiiiportmt precaution for the pur- 
pose of strulghtenlng the llno nnd keel)ing the lead verticnl. When 
there is u smell or tlic surface of the wiiter is agitated the 1eud~- 
iiinn must be careful to inake an allowance for the height of 
the waves, so that the reading of tlie lead litie wlll give the dcpth 
from the mean surface. 

(a )  The following sounding leads und hand llnes uie in gen- 
eral u ~ :  

For hand lead in depths up to 8 fathoms, a 6 to 8 pound lead 
is used. 

For hand lead in depths over 8 fathoms, a 10 to 12 pound lead 
Is used. 

For all hand lines No. 7 or No. 8 Sllver Lake sash cord or 
Sampson spot cord IS used. 

For troliey soundings in depths up to 20 fathoms, n 2O-pound 
lead with No. 0 cord 1s used. 

For trolley soundlngs in depths over 20 filthoms n 30-pound 
lea0 with No. 12 cord is used. 

For the sounding machine in depths up to 500 fathoms lends 
from 30 to 40 pounds &re used with stranded wire. In g r a t e r  
depths a shot of 30 to &o pounds Is urn1 with piano wire. 

Where eubtlurface currents exist an extrn hcavy lend should 
be used to permit n stmlght stretch of the leadline from bottom 
to Riirfncc. 

(See pnrs. 354 :ind 360.) 
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278. Soundings with vessel underway.-Wheu working In mod- 
erate depths (from 20 to 80 fathoms); and yet beyond those in 
which it is practicable to sound with a hand lead (over 20 fath- 
oms), there is considerable saving of time and of wear on ma- 
chinery by using methods which permit the soundings to be taken 
without stopping the vessel. 

280. Trolley rig.-A satisfactory and often-used niethod Is that 
of dropping tlie lead near the bow and reading the depth as the 
lend line comes vertical under the leadsman stationed on the 
quarter-deck. With a sounding lead of from 20 to 30 pounds 
weight up-and-down soundings cau thus be obtained rapidly in 
depths up to M) fathoms, with speeds up to 43 knots, without 
stopping. Various methods are used for carrying the lend forward 
and automatically releasing it. A trolley mire may be rigged 
along one side of the vessel, with a grade downward toward 
the bow. The lead is suspended from a traveler hung from two 
grooved wheels which carries i t  forward until a projecting bolt 
on the traveler strikes a rubber surface on a boom, pushing back 
the catch holding the lead and releasing ik The lead drops to 
the bottom, and the traveler is hauled aft again. Another device 
is described and illustrated in Wharton’s Hydrographical Sur- 
veying. 

281. Deflection soale.-A system of soundlng underway with 
sounding machine and wire (piano wire, No. 21 B. & S.) has been 
used in moderate depths (under 10 fathoms). An iron weight of 
30 to 60 pounds, attached to sounding wire, is employed, the amount 
of wire out read on a registering sheave, and the angle of deflec- 
tion from the vertical of the wire noted on a horizontal scale pro- 
jecting from the deck. Soundlngs are made rapidly without s top 
ping, the weight being lifted only a short distance off the bottom 
and not brought to the surface. The weight dragglng near the 
bottom d l  develop the  presence of shoal spots between the sound- 
ings. An occasional sample of bottom may be brought to the sur- 
face. The correction for deflection of the wire is -Z(l-cos a) 
where 2 is the inclined length of wire and a is the angle of deflec- 
tion from the vertical, supposing the wire to be straight. This 
method of sounding has been used to advantage only in moderate 
depths (10 to 30 fathorns) and at moderate speeds (4  to 6 knots). 
I n  greater depths (over 40 fathoms) tlie angle of deflection will 
become too great, and the curvature of the wire will introductb 
difficulties in  the correction. 

282. A modification of this method lius been nsed in depths from 
30 to 50 fnthoms. Soundf~im were takeJl when the hendwny of thcl 



vessel ww reduced sufflciently l o  keep the correction for incllna- 
tion of wire small. As sooii as the angle is reduced to the desired 
limit it is read, the lead is dropped, aud tlie instant it strikes bot- 
tom the registry dial is rend and the reading recorded. The nd- 
wntage of this over up-niid-down souudiugs is that less reversing 
of machinery is required, tind tlint the vessel, retaining some head- 
way, is under better control nnd the proposed sounding Hues cuu 
be more easily followed. 

283. In maclrine sounding in moderate depths where Pvertlcal- 
casts are obtnlneci therc iiiuy be some saving in simply llftiug the 
lead D short distance off tile bottom and going uhend without reel-. 
ing in, except where a suingle of bottom is desired. In using the 
lieavier soundiug leads for trolley rIg, R proportionately heavier 
grade of sounding line should be U Y L ~ ~ ,  as 11 peudnut between 
the lead and 20-futhoin mark, as noted in paragraph 278 (a). 
Over an extended aren with depths greater than 20 Pathoms 
8 section of wire of thnt length may be used to eliminate a porttou 
of the stretch incidciit to the use of a long hemp or cotton line. 

284. Pressure tubes.-Pressuro tubes are designed for use in 
sounding when a vessel is under way in depths up to about 01) 
famoms. Pressurc tubes with appliauces employing the overflow 
device, and otliers with springs and pistons, are also used. Pres- 
sure tubes, while satisfying the requiiwuents of navigation, should 
not be used fu deptlis less than 20 fathoms or when very uccurutr 
hydrographic survey work is required on account of errors due to 
teriipcrature iind other cuuses. On off-shore work where sound- 
ing tubes are used in the course of a sounding line, every flfth 
sounding slioulcl be clieclred by n rertical measurement of the 
depth with wire m d  registering sheave. 

285. Sounding machines.-The Cosiuos huud-sounding mncliiue 
m y  be used successfully for sounclings to depths of 500 fathoms, 
using No. 24 Standard Brown 6;. Shaipe gnu@ nnd about 11 36- 
pouud lead. When sounding iu greater depths, steel wire should 
be employed. Other small souuding ninchines may be used when 
rivallable, such us the Kelvin iinvlgational machine or the 
Tiinner ninchiiies. In nli C U S ~ S  I t  is preferable to use u scpa- 
rate registering sheave, such RS the Tanner, for rending the 
length of wire out, insteud oP the diu1 on the reeling druin, which 
Is sublect to correction, depending on the uinouut of wire on the 
drum. In using the Slgsbee souiidiug inuclilne the scale attaciied 
to tlic upright Carrying tile Ic:idlng slieuve will show the stralu 
on the mire wlieu Iicaviiig 111. A OO-pound strain 1s the approxl- 
l r inte  liniit iii uSfng tlic 21 Bro\rn & SliRrpe gauge wire. When 
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sounding in depths over loo0 fathoms the s~sed in payiug out 
und reeling In should not exceed 100 fnthoms per iniiiute. 

(a )  In  splicing strauded wire, a lay of 10 inches wltii nent 
tucks a t  each end will sufllce. 

For piano mire, a splice 8 indie8 long will suflice. In making 
the splice, caution should bc observed not to give the lily at 
the cross or middle of the splice YO short a nip t h t  it will 
afterwards be straightened out wder strong tension. The splice 
to be wlped with solder, giving a long taper t~ each end. 
To cover the spllce completely with solder, which must be 

done, several layers of Mt, ticking, or moleskin cloth with 
tallow coating in the yulm of the hand will serve to wipe the 
splice as the solder is dropped or poured over it. In this operu- 
tion care must be taken that the soldering iron, ladle, or flame 
&om the blow torch does uot come in contact with the wiie. 
In preparing the splice for soldering a flux of muriatic acid 

with zinc dissolved in it till it will take no more should be used 
before the solcler is dropped or goured ou. 

Pure tallow, speim candle 01' sweet oil only should be used 
in greasing the wiplng cloth. 

An electriclun's soldering torch with soldering wire facilitateb 
the operation. Stranded wire Xo. 24 B. 6: W gauge is,furnished 
in sealed tins containing 30 fathom lengths. Piano steel wire 
No. 21 B. & S. gauge is furnished in  sealed tins contrtlning ZOO0 
fnthom lengths. 

( b )  The ordinory sounding-record books may be used for work 
with these mnclllnes; the tlme required to reach bottom should 
be recorded for the deeper soundings ns h useful check. For de- 
scription of the Sigsl)ee deep-sea sounding machine nnd erpltuia- 
tion of its use, reference should be made to Tanner's Deep-sea 
Exploration (U. S. Coinmission of Fish and Fisheries, 1897) and 
to Slgsbee's Deep-sea Sounding nnd Dredging (Coast nnd (:eo- 
detie Survey, 1880). 

286. Sounding reoords.-All sounding records must be complete 
and intelliglble, and the chief of party must personally see thnt 
the record is being kept ln  n systanntic and cnreful inuiincr. 
Glve description of sounding appnrntus (whether hand or mi- 
chine), and state si7~ and kind of line or wire, whether register- 
ing shenvc is used, etc. Many things which are perfectly cleur 
to ai1 observer, having the work fresh i n  his memory, may not 
be so to II  stranger ; hence the necessity of nialrlng complete notes 
with each tlny's work nncl rccoi~liiirr cwi*ytlling essential to ~1 
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complete understanding of tlie record. All uncertainties and 
doubtful pliices should be carcfiilly inwstignted before leaving 
the fleld. 

( a )  Souuding-rcc~ord volulucs must, as far as pructiciible, be 
kept separate for each hydrognrphic sheet nnd numbered in sepii- 
rcite series. I t  is inconvenlent in plol t ing and riling records to have 
i n  one voluiiie soundings tliut go 011 dillwent siiLwts ; to avoid 
thiB, where projections lire iiot fiirnisliwl, the scheme of sheets 
should be pliiniied in ad\wice tis fur IIS cirrumstnnces will periiii~. 
Boat slicii~ts should conforin to tlw liniita of the smooth sheets. 

A special for111 of record, *‘ Soundiugs with wire,” is now avail- 
iible nnd should be used for deep-sea ~oundlug. 

287. Identifloation letters and numbers.-In order t u  altl iii tlie 
identification of sounding records, liydrogi~phlc projections sent 
from the oflice will be desiguatecl by it tcinporary uunlber, and 
thofie made in tJie Aeld should be assigiied ;I letter, und these 
field niimberu or letters, iuurlrctl plainly in pencll, tshouid form ti 

part of all sounding recoi-ds, desci4ptive reports, etc., perklining 
to each sheet, respectively. At Niinila, Plillfppine slieet numbers 
will be assiyed to each field party at the beginning of the seasou, 
und tlie records and reports inust be systematicnlly marked in  
Ink with the corresponding slieet numbers. 

288. Information notes.--At the beginning of each day’s work 
enter in the souuding book tile time the party left the vewel, or 
the vessel left the anclioriigc : tlie distnnce to the fleld ; tho h e t  
that the sextants, clock, nnd lead llnetl liuve been examined and 
were correct, or the corrections, if any ; describo sounding apparn- 
tu8 used-if mciclilne give weight and form of slnker and kind and 
size of wire used, nlso IIES depnrture from ordiuary methods; the 
names of the observers, recorder, tiud leudamen, und should any 
of thew be relieved during tlic dny a note should be made in t l i ~  
column of remurlrs iit the tinie i t  occurs. If there are two ob- 
servers, stute vhlch tukcs the right and mliich the left nngle, nlw 
the one in cliarge. Shonltl there be iiny correction or fnct recorded 
later, whicli should be kuomn before coniinencing tlie plottlng of 
tho day’s work, R note culling nttention to i t  should be inserted a t  
the beginning of the day’s record, nlso the nnme :uid lociitiou of 
the tide Eauge or staff to be used i n  reducing tlie soundings. 

289. At the close of the dng’s work notc ngaiu the esiuninutlo~~ 
of sextants, clock, und lead lines, and tlieir corrections, if any, tho 
clme of returning to the vessel, nnd the distnnce from the working 
ground. 
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290. I n  the division of work between the two observers it will 
be well for  one t o  supervise the steering of the boat and thc  
plotting and the other to watch the correctness of the leadsman 
and the  recorder. 

291. Standard time is to be used i n  all records and so noted hi 
the  column “ Time ” at tlie beginning of each day. 

292. Any information that  will be of value in plotting the sheet 
or in explaining the hydrography should be noted in  tile remark 
column, as, for  instance, l h e  force und direction of the wind, the 
state of the  sea whether rough or smooth, the  force and direction 
of the current, the bearing and cstimated distance of any object 
passed by the bout and which is or slioultl be plotted on the pro- 
jectfon, and the time of crossing the range of two well-defined 
objects. The  time of clianges in wind or  current should be noted, 
LLS well as eddics, tide rips and their trend, whirlpools, ctc. 
When, owing to surf or other dangers, a sounding line cnu not be 
run to the shore, explanntion should be given In the record, with 
estimate of distance to the shore or  danger. 

293. Special ciire should be taken that sounding records urc 
complete in  the following respects : 

( a )  In remnrk column tlie relatlon of beginning and end of line 
to some object should be given approximately, as “ line beglns 
about 300 meters 30‘ from Q Tree ; ’’ ‘‘ llne ends 35 meters from 
reef, 0‘ 0 Run.’’ Also, for every line beginning or  ending near 
the shore, the estimated distance in  meters to the shore, reef, or 
breakers must be stated, and for every important object passed on 
n sounding line, as rock awash, breakers, buoy, etc., the estimated 
distance and bearing musl be noted, or wlicn not otherwise deter- 
inlned an additional sestant  angle should be taken to i t  from two 
or more positions. 

(a )  The course should be noted a1 beginning of each line, and 
when changed the tlme of change and direction of the course 
should be indicuted, as 0. C. ,  to 56‘’. 

In the new form of sounding record the ship’s or boat’s head as 
read by coinpass 8hould be entered in the  flrst column on the rlglit- 
hand page, and the course intended to be made good should be 
written In the rernnrk coluiiln a s  an indication of l(x?woy. 

In offshore work, the course, corrected for vnriation and 
deviation, should be entered in the remark column. and the ship’s 
deviation card should he entered on page 1. 

( 0 )  A reference mark should be inode against every sounding 
or tlme to which any note refers, 
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(d) When stops are made, the '' nhead " time should be noted, 
a8 well as any change of speed. 

294. Courses, bearings, and direotions should be stated in de- 
grees (from 0", at north, through east, south, and west to SSO") 
and not in points, and degrees should be used instead of points for 
all purposes on board vessels of the Survey. Whenever there is 
a possibility of confusion, a statement should be made as to 
whether the course is magnetic or true. 

296. Name and location of tidc gauge to be used in reduction 
should be entered a t  the heading of each day's work. 

296. The second page of a volume of soundings should contaiu 
an  index of signals determined and an  index of currents noted; 
also a special reference to any other important information con- 
tained in  that volume, giving in each case the pnge reference. 

297. DupIication-Sounding records should not be duplicutctl, 
except when specially directed, or when there is considered to be 
an  unusual risk in forwarding records. A good security agaiiist 
loss will be to forward the sheet aud records a t  different times; 
the records to be sent by registered mail. 

298. Soundings will in general be recorded in fathoms and in- 
tegral feet; only in such cases as in deve:opments less than 40 
feet at criticnl or controlling points, in channels, across bars, 
and in fairways, need fractions of feet be recorded, or, in other 
words, this wIIi depend upon the locality and depth of water. 

299. '' No bottom " soundings are not satisfactory, and yhcre  
practicable the depth should be obtained. They we quite objec- 
tionable In harbor surveys. 

300. Character of bottom.-The sounding record should show tile 
character of the bottom a t  the top of each page and at each 
change reported by the leadsmnn, by the usual abbreviation used 
on the charts, w l~c l i  are as follows: N, qud;  S, sand; G gravel; 
Sh, shells ; P, pebbles ; Sp, specks ; C1, clay ; St, stones ; Co, coral ; 
02, ooze ; bk, black ; wh, white ; rd, red : yl, yeliow ; gy, gray : bu, 
blue: dk, dark; It,  light: gn, green; br, brown: hrd, hard; sft, 
soft; fne, fine; cry, coarse; rlry, rocky; stk, sticky; brk, broken; 
lrg, large; sml, small; stf, stiff. The occurrence of grass, kelp, 
ligacinth, or other growth should be noted; ulso where kelp id 

towed under, and at what stage of the tfde it is covered. 
301. It is particularly important thnt information as to the bot- 

tom be given for harbors and anchorages. The fnformaffon given 
by the pounding lead may be somewhat superflclal, and when con- 
venient a useful check is furnished by the actual experience in 
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anchoring iind tlie nint'wiiil brought up by the cinchor, which 
should be noted. 

302. In  1 1 1 ~  record of soundings, oiie line Jiould be oniittetl nftei. 
the  sounding on wliicli a position was tiiken, nnd ubout four lines 
between the end of one line of sonndtngs iind the beginning of the 
next line. 

303. The t l i i i w  of soiindiiigs riiitl ] ~ i ~ s i t i o i i x  should be cnrefullg 
i*ccorded, ns they a r e  used in si)iicliig lhe soundings. The t h e  tlie 
Iwnt shirts or stops is required, nltlioiixli the ringles niuy I)e lrikeii 
ecirlier or later. Wlic~n under wiy,  it ' iio sounding is tiikeii on tlw 
position, lenre that  par t  of tlic line I~liiiik 111 the record. 
304. Corrections.--l.;l.;isiiI'es c i l i o u l t l  no1 1)t. m i t i c  i i i  rtr~orcls. 

Mistnkes discovered inny be crosstxl out unci corrected by wrltltig 
iibovo or  to  one side, wit11 erplmutloii, if m y .  I"u1l explnnntton 
must be writtt.n In the i*ccord if ruiy work is i-ejc?tetl, i i s I n ~  bluci 
or red pencil. 

305. The rtwcordur slioiilcl ~,roniptly crill rillcwtioii i o  riiiy 1111- 

usual sounding; if i t  is conflrrncd it sliouid bo marked 0. IC. 
806. The siicwss of the 11ytlrogriilrlilc work tlrpeiitl~ ilirectlg on 

the correctness ciud clenrness of the record ; the recorder must 
make sure  thnt he hears aiitl rwords evttrg fiict properly nnd thnt 
the record is complete, iintl mist not hesitate to iislr for repetition 
when necessury. XIc! ~lioiild ciill buck tlie Agwes LLY entered. 

307. To srive sp:iw in pli~ttln:: iipoii the slicret, eiicli tliiy'a \VlJl'l< 

is kiiown 1,s i i  letter. Tlie vessel und encli Iwnt should have n 
sepnnitc! serlcs, tli~tingiii~hing thwi by using cnpitiils of one color 
for the wsxel iiiid lowrr-ciise 1c:ttci.s of nnotlier color for each 
boat, tlicHe di8tlnctions to ha preserved in thc books, on the sheets, 
and in the tuble of fitiitisti(!s. For convenlence of reference the 
letters UM?? in  i w l i  bool; should be given 011 the oiitHIde of the 
covers in  the p r o l ~ r  colors. 

308. Wheii tlie riI]rli:il)et liiis been c?s l i i i i i c ; l cd  for day letters, use 
double letters or prlrnezl, ns AA or A'. Red, blue, and green nra 
the best colors to use; h1nt.k should not be nrcetl, ns this would ob- 
scure the soundings. ' 

309. When IL soiinclin~ ~iitic~liine of niiy kiud is i i ~ e d  the  record 
should clenrlg 8tnte the kind of mrtchine. innnuer of iunking aouncl- 
ing, and correctlon t o  1i111chii1(~ or I*eg1sterlng din], Rnd how cor- 
rection m s  obf-ainetl. 

310. Reduction of sounding.-!l'he 1)lnne of refereuce having 
been establtslied and related to t.he graduation of the staff, the 
reducers, or tide corrections, to be applied to the soiindinm are 

. 

(See also pur. 
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derived by taking the difference between the tide-gauge reading 
ut the t h e  of sounding and the tide-gauge reading of the plane 
of reference. If the  tide-gauge reading a t  the time of sounding is 
grenter thnn the reading of the plniie of refereuce the  correction 
to be applied to the sounding will he ininns. If less the correction 
will be phis. 

911. The reducers, or tlde correctlous, for open ocean t\reas or 
for depths over 7 fathoms, will be entered in  the sounding record 
i n  integral feet. On burs at entrnnces aud over inside water 
ni'ms for depths less thnn 7 fntliorns and more than 3 fatliolns 
the reducers will be entered to the nearest half foot, and for depths 
of 3 fnthoux 01' Irm to the nenrest tenth of n foot. The correc- 
tloii for  the lead line, also to tenths of feet, must be applied at 
the Rnme tiine ns the tlde rednctlon, but the lead-line correction 
may be omitted If not exceeding one-hnlf of 1 per cent of the 
depth. The redmed soundlngs will bo catered in integrnl feet in  
the colunin liended " Reduced soi~ndlngs field '' (see pnrs. 339-337) 
except i n  developiucnts In less "hnn 40 fect depth, at cdtlcul points 
(m pnr. 298) the reductton shall be n u d e  so ns to  take account 
of the fruction of a foot. In verif.vlng the reduction of soundings 
discrepancies of two or three tenths of H foot may be disregarded. 

Lead-lint covrecliori.-The correction for lend line or sounding 
ripparatus, when necesccnry, wlll be eutcra in the sounding record 
In feet and teuths for tleptlis of 7 fathoms and less, and in  integral 
feet for depths over 7 fntlionis, using the mitiiis sign for  correc- 
ttons to be subtrncted and the  pliih sign for correctlous t o  be added 
to the eouudfugs. \T"ieii Integriil feet are used, n fraction of 0.8 
foot 01' more in a positive c~orrcutlon, nnd n fraction of 0.3 font 
or more i n  a negative correction will be counted as nn extra foot, 
but the sninller fractions wlll be neglected in each cnse. The 
correctlon for  lend Uiie or sounding apparatus may Be omitted if 
not exceeding one-half of 1 per cent of the depth. 
312. The record must show, by initinls n t  the end, by whoin 

~~educers  were entered and soundinm reduced, and by whom ench 
of these operatlons wns checked. It cnii not be too stroirgly im- 
l)rrs& upon the commanding offlc>er nnd chief of pnrty nnd their 
Hnbordjnates QS well thnt  good result8 in hydrographic surveying 
can uot be espected unless attention is paid to  details. It 18, 
therefore, the duty of the offlcers engaged upon Survey work to 
Bee that the  records confonn in nll respects to these Instructlone. 

18027"-21--8 
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313. Planes of reference.-The planes of reference adopted for 
the reduction of soundings and the publication of the charts of 
the C m s t  nnd Geodetic Survey are  ns follows: 

314. For the Atlantic and Gulf coasts of the United Stutes and 
Porto Rico, the menn of the low waters. 
316. For tho Paciflc coast of the Uiiitetl Stiites, Alnskii, the  Ha- 

waiian Islands, and the Pliillppine Islnnds, the mean of the 
lower low waters (exccpt for  Wrangell Struit, Alaska, 3 feet lower 
than the mean of the  lower low waters). 
318. For the derivntion of the above planes, see under ‘‘ Tidnl 

observations.” 
317. Plotting hydrographic sheets.-011 boat sheet, smooth sheet, 

or tracing of either, positions should he plotted, and sumclent 
soundings should be plotted i i i  pencil to keep trncli of tlie work 
and to  mnke sure tha t  the areu i H  properly covcreci. All sound- 
h1g.s showing nnusnnl o r  dring:eroiis depths at critic:il places should 
be plotted so that  iininedinte examination can be made, before 
leaving the locality, of donbtful polnts rind spots that give indlcn- 
tion of danger to nnvigntion. A p p ~ * o ~ i ~ n a t e  plane for tidal 
reduction should be used where tide observiitions lire available, 
getting the plnne by cornpailson with predictions. Where ob- 
servations are not avrillable use predictions in  the form of 
tide curve prepnred nt the ofice on t h e  tide-predictlng machine 
in the forni of a tide roll or marigmm. This is recommended for 
preliininary hydrographic plotting nnd for wire-drug work. Ap- 
proximute clrpths should he plotted on the bont sheet only. 
318. P’iclcl parties iniist plot rill sounding lines on the smooth 

hydrographlc sheets, plotting the posftions in  ink and indicating 
them by pen dots instend of small circles. See pnragraph 327 and 
the following p w ~ i g ~ x p l i  for. insi ructions. The protrartor, par- 
ticularly if it is ~i metal clue, should seldom be permitted to 
touch the frice of the smooth shcet, Before beginning the pro- 
tracting, strrtcll u piece of trncing vellum over the entire sheet 
and cut circ:ular holes onc-fourth inch in diameter over each 
signal. Letter tlie niines of the signals legibly on the trncing. 
In pricking tho plotted poH1tIOns npplg suflicfent pressure to 
mark through the velluiu onto tlie smooth sheet. After plottlng 
u few positions l lft  up tlie velluln e n o u ~ l i  t o  expose the nren 
just  protrncted, rind number tlie positions rind connect them 
with hard-pericll linc?. After the sounding Ihes lire fixxed on 
the sheet and there is opportunity for fur ther  office work, due 
to unfavorable weather for Aeld wol’lc or other causes, the sound- 
inm should be entered in pencil lifter lhey have been reduced 
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for tide us noted in the preceding garngmph. It is importaiit 
that  in so far as practicable the hydrographic sheets should be 
Completed in the 5eld. In no case should the soundings be irlketl 
in by the 5eld party. 

810. Mecesaary details on completed sheet.-Every orlginul hy- 
drographic sheet when seiit 111 from the fleld must contuiii the 
following : 

( a )  Projeclioii in black jnk, fine full lines, the lntitudes uiitl 
longitudes 011 eiich end of each parallel and meridirin; n note ut 
bottom giving the lntitude und longltude. with seconds in meters. 
of some one triungulutlon shtioii. 

( b )  Trinngulation, plane table, :ind such other points LIS iuuy 
have been detcwiiiiied or cstablislietl by the hydrographic party 
must be plotted, each with i ts  distinctive symbol and name. The 
standard symbol of trliinguliltion point is ti black circle 2 mi11i- 
meter8 in diameter with red circumscribt? trinngle, the name of 
the point lettered in black. The symbol of plane-table position 
is a red circle 3 iiiilliineters in diumetcr with niiine lettered in 
red. The synibol of hydrographic signal is the slime as for plane- 
table symbol except that  blue ink is used. The positions of all 
slgnnls should be accentuated by 5nc black dots in the needle 
holes to ussist plotting. Large buildings Rnd proinlnent land- 
inarks determined in connection with the hydrogrnphy should be 
indicated on the hydrogruphic sheet und designated by LLpprODrfRte 
legend ; if iieccssiiry, ii reference letter mny be used nnd the legend 
plnced where there is more room. (See nlso par. 10s.) 

( 0 )  The shore line must be dmwn on the sliect in II coutlriuous 
black line if I t  lins beer1 surveyed by 11 plane tnble; if sketched 
In by a hydwgrupliic p:u’ty, j t  Is to be 1ndlcntcd by 11 broken line. 
The high-water line and nll information outslde of it should be 
transferrcd ’ from the topogmphic sheet : tlie low-mater line and 
other fentiires outside of high-water line should, however, bc left 
in pencll uiitil the hydrogrnphy is plottetl, when the information 
should be combined, in general giving greater weight to low-water 
line I~L( developed by the soundings. The low-water line should 
be indicated by dotted line, us fn r  as determined. The aren be- 
tween high and low water should not be sanded. 

( d )  The soundings on the finished sheet should be plotted in  
gencil by the 5eld party with the positions, letters, nnd numbers 
ill  colored ink. Mlnus soundlngs, which represent the heights 
llbove the plane of reference of arens bnre at low water, should 
be given with the minus sign and inclosed within the dotted low- 
water line. 
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( e )  Hocks, reefs, coral, and shell blinks, sunken or awash, 
must be marked with the proper mmbols. Where the least dmtli 
over a submerged rock is obtained, the depth should be shown, 
with the word “I{ock” or “Rk.” Do not use symbol for sunken 
rock i n  such cnse. 

( f )  The positions of all buoys, light vessels, etc., must be given 
wltli their proi)er symbols, and depths at same determined. 

(g) Bottom characteristics should be noted on the sheet a t  
xiloderote intervnls, to give information contained in  the record. 
‘I’hc standard nbbrevlations are to be used. 

( I t )  The limits of grnss, kelp, etc., and the conditions of tide 
or current when these show must be indicated. I f  the bottom is 
flussy, i t  inust be so written. Kelp must be marked with itR 
proper sign. 

(0’) The names of islands, points, rocks, reefs, shonls, banks. 
channels, creeks, etc., must be given on the sheet. Care must be 
tnkcn to obtaiii these names correctly. Names should, as far as 
prncticnble, be placed on the land men, lenving the water aren 
clear. I&tterixig shoiild not be cillowetl to  obscure soundlngs. 

(1 )  All ranges, beiirings for  dnngers, etc., and sailing lines on 
courses or ranges should be given and clruwn as l!ollows: The 
ruiige in blnck lines broken with long dashes; the bearings in 
blnck dotted lines; nntl the sailing lines in blnck lines broken 
with short dashes, with the positions of the objects for ranges 
find bearings detennined, marked, and ntinied, nnd the nmnes of 
tlic objects and the purpose of the rnnge or bearing written along 
Its line. 

( k )  Current stntlons nnd tidal stations must be plotted in posi- 
ti0ll. 

( 1 )  Titles sliould not be inked on original sheets by the fleld 
piirty, but must be furnished on Form 637 nnd pinned to the sheet. 
The Information for the title must include the general locality, 
special locality, names of persons actually in chnrge of sounding, 
a n d  of chlef of party, vessel, dates of beginning and ending, and 
scale, together with a list of all data forwardetl mlth the sheet. 
The title of n hydrographic sheet must clearly intlicate the  limits 
of the hydrography, and the same title must be given on the record 
books pertaining to it. 

520. Table of statistios.-A table of statistics should be made 
us  th r  sheet is plotted nnd transmitted with the sheet. ThlR 
table may be written 011 computing pRper and should be in the 

(See par. 300.) 

following form : 
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b'tatietics Ylceet No. -_----. 

- i-. .. .-I .- 

January29 ._.___.__.____.._.__ j n ' 1 I 
I I 1  

104 

! j 

I- 
'rota1 ............................ / ......; 7,488 

- --- . . - 
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63,081 1 950.8 I 
There iiiust be u note stntlng tlic unit for soundings (fathoms 

01' feet) niid tlie pliiiie of reference. Also II tidnl note giving 
the locntloii of the gauge, nnd if there wns more t h m  one ticlt2 
gauge, for what parts of tlir sheet rnch was used ; also the follow- 
ing inforiuatioii : 

Plane of refcrencc, rending ou Enuge. 
Lowerrt tide observed, rending on giiuge. 
Highest tlde observecl, ix?udlng on gauge. 

321. Depth ciirves.-TIie depth curves must he drnwn on thr 
sheet, nnd (*rich curve should include the  outei. soundings of the  
depth represented by the curve. When curves run so close to- 
grthcr ns to  coiifiise the sheet, the less iinportnnt, or those yep- 
resenting greater cleptlie, may be dropped. Curves must not be 
completely drawn where the infornintfon is insufficient, but pnrtx 
of curves or curves wlth broken line may be put in. 

Tho field pnrty sliould lenve the ciirvw in  ~wiicil. When the 
&eet is rerlfled tit the office the curves will hr inked wlth full 
rnlored liues, i n  gencrnl nccordliig t o  the l'ollowlng scheme : 

zero or nietiii sell-level curve ________-: _ _ _ _ _  Y ~ I I O W .  
0-foot or I-fnthom curw _ _ _ _ _ _ _  _ ~- - - _ G r ~ ~ r i .  

12-foot or 2-fnthom curve _ _ _ _ _ _ _ _ _ _ _ _  _ __________Red.  
18-foot or 3-f11tiioiii ciirre _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _  _ . --Blue. 
!&&foot or 4-fnthoni curve ______________________^__  Yellow. 

30-foot or Od~thoni  ciirve _ _ _ _  . . . . . . . . . . . . . . . . . . . . .  Green. 
Wfoot o r  10-fnthom CUIW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yellow. 

l%foot or 2O-fntllom ciirve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____:____Blue. 
300-foot or 60-fnthom curve _ _ _ _ _ - _ _ _ _ _ _ _ - _  - _____Red. 
000-foot or 100-fntholn cui-ve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Green. 

1,200-foot o r  2Wfathom curve _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Yellow. 
6 , W - f o o l  or 1,000-fntlioiii (*11rve-. _ _ _ _ _ _ _ _ _ _ _ _  __________Blue. 

30-foot 01' 5-filthoI~i CilI'V(S _ _ _ _  _ _ _  _ _ _ _ _  -_________Red .  
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(The 24 sild 3C foot curve will bn anitted axeept ilb sywial 
cases. ) 

Depth curves nre of much value in interpreting and anmining 
the results of the fleltl \\.orli. The depth curves will often indi- 
cate areas of sliouler depths requiring further esamlntition. Also 
nbnoriual uiid improbable curves are a strong evidence of prob- 
able uncertuinties or I~~aecuracieu in the hydrographic surrey. 
Depth curves correspond to contours on land, and in nature are 
therefore generally of grnceful sweeping forin, free from sudden 
cliniiges iii direction and from corners; ordinarlly they c~in not 
cross or nbruptlg run into encli other; on upprouchtng they tend 
toward pnrullelism ; any departure from probable nutmrl condi- 
tions is ail indication of error either in field work or in piottlng, 
or it inny be un indication of shonling that will require further 
exnmlnntlon. A study of the charactei-istic bottom fornis in any 
region is of value in the interpretation of hydrography, as such 
forms are apt to repeat tliemsc4ves under siniilur conditions. 

In  relinquishing chnrge of hydrograpl~ic sheeta und acconipany- 
lng records the chid of piirty will inspect each record and sheet 
and approve each slieet before it is transferrcd to tho office or 
to another officer for completion. When circumstances are such 
that n departure from this rule is unavoidable or when nuy part 
of the provisions of the instructions for completing these records 
und sheets are omitted, an explanation shall be forwarded 
proniptly to the office for approval and so noted In the tlescrlp- 
tion report accompanying each aheet. 
322. Comparison with previous snrveys.-In plotting compnrison 

should be made with the results of all previous surveys and with 
chnrts covering the mine region, if Iivnilable, especially as to all 
dangers or l e s  depths shown on previous surveys. J Develop pre- 
vious dangers and verify their location and extent. 
323. All remarks, comments, etc'., in  sounding records should be 

carefully noted in plotting: abrupt chunges in depth should be 
verified by checking tide reduction, etc. ; boat xheets and descrip- 
tive reports should be examined and compared to see that all 
essential information is on the smooth sheet. 

324. Charaoter of drafting.-The drafting work on the finished 
hydrographic sheet requires nccuracy, neatness, and legibility, 
iind of course good judgment and knowledge of the work, but  it 
does not reqnlre expert penmanshlp. 

526. Xarking positions.-As each positlon is plotted on the 
sheet a point should be pricked through to show ita exact pee\- 
tion. rind this point should bt? Innl'ked with 11 light clot of colored 
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ink (small circles shoulA not be made). The successive positions 
on the lines will be connected by lines drawn with a hard pencil. 

326. Each position must be numbered nntl the number placed 
just below and to the right or left of the posltlou; the positlon 
numbers must be sn~ull and so placed as not to interfere with the 
soundings. 
327. The letter of the day's work must be placed at the begin- 

ning nnd end of each h e ,  a t  ubout every fffth position on the 
line, and a t  the point of nuy clecided change of direction in Illrc.. 

328. The color of the position, day letter, and position num- 
ber must be the same as thc color glven the vessel or boat hi the 
sounding record. 
320. Style of numerals.-Vertical block numerals (uo hair 

lines) hnve been adopted for soundings on hydrographic sheets. 
The penciling, as well as the Inking, should follow this style, using 
a pencil hard enough to ~ivold smudging, but not so hnrd thnt It 
will unduly cut into the paper. 

330. Distinotnesa of important features.-It is Important in plot- 
ting hydrographlc sheets thnt the more Important fentures, such 
11s rocks and least depths on shoals, shall be peifectly clear arid 
dfstlnct, and great care must be tnken not to obscure them by at- 
tempting to plot all of the numerous sound1ng:s thnt mny hnve been 
taken for the development of such 11 feature. If for any reason 
nn important feature 1s not clerir on tlie finished sheet, or 18 so 
shown tlint there Is 8 likelihood of i ts  being overlooked, a note 
should be added calling attention to it. 
331. Seleotion of 6onndings.-Where the number of soundings 

taken is greater than can be plotted on the sheet, as many sound- 
inga Nhould be plotted as is consistent with clearuesn ; those show- 
ing the least depths ou shonls, grentest and lenst depths in chan- 
nels, and chnnges of slope iiiust be shown: the selection being such 
that a cross sectlon could he drawn from It showiug all important 
features; in no case shoulcl a mere mechanical selection be made, 
118, for instance, every third or every fourth sounding. 
332. Enlarged soale for oomplioated areas.-It 1s sometimes dim- 

cult to properly plot the soundings to show the development of 
R complicated area on the scale of the general hydrographic sheet. 
In such cases ab enlargement of the plotted positions should be 
made and the soundings plotted on the enlargement, which mny 
appear on the sheet as u subplan. The enlargement should be to 
some even decimal scde, and the scale should be stated on the 
plan. The cucvea 8t the niargln of the mbplan should be reduced 
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nnd transferred to the runin sheet to make sure that the work is 
conslstent. 

333. Overlap of sheets.-For adjacent hydrographic sheets the 
curves and soundings should be comxuon for a narrow strii), and 
this overlap should be in accord on the two sheets. 
334 Dangers and stage of tide.-Dednlte information should be 

glven on the sheet n s  to dangers whicli show at various stnges of 
the tide, as so many feet above low water, nwash at low mater, 
awash at high water, breaks at half tide, breaks in heavy wentlier 
only, and the like. “Awash ” should always be qualified by the 
stage of tlde at which it occurs, und the mere u8e of the symbol 
for rock awash will not be sumclent for any important danger. 
(See par. 235.) 
335. Tide rips should be indicated on the sheet by words, quall- 

fied as Iieovy, moderqte, or light. 

wlll depend upon the loculity, the cliaracter of tlic body of water, 
and the closeness of detail to be shown. Extensive inclosed waters 
and inside routes frequently have but from 2 to 5 feet of water 
or  even less, and of course should be plotted in feet and frac- 
tions (see par. 337) at critical polnts. Sheets in generally deep 
water wlll be plotted In fathoms and sixths of fathoms to a depth 
of 68 fathoms, 8 being plotted as f ;  in fathoms and quarter 
fathoms from 7 to 83 l‘othoms, 4 belng plotted as 3 ;  and for 
greater depths fractions will be omitted. But one depth unlt 
must be used for the whole area of uny sheet. 
337. On sheets plotted In feet no fraction of feet will be shown 

(fractions of-less than 0.8 beiug omitted, nnd those of 0.8 or more 
belng written aa the next whole foot), except that In crltlcnl 
places (under 40 feet In depth) on navigable bars, in channels. 
and Shallow inclosed waters and inside routes fractions (4, 3, and 
3) shall be shown where important; but on outlying dangers all 
fractions shall be omitted and the next lower foot shall be given. 

SS8. In  converting fractlons the following wlll in general be ob- 
served: When plotting in even feet omit all fractions of less thnn 
0.8, and those of 0.8 or more write as the next whole foot; when 
plotting in quarter# take 0.1=0, 0.2=), 0.3=4, 0.4=3, O.a=f, 
0.6=4, 0.7=4, 0.8=3, O.Q=l ;  when plotting in halves, take 0.1 
to 0.3 as 0, 0.4 to 0.7 as 3, and 0.8 to 1 as 1; when converting 
from feet to fathoms and quarters, take less than 1 foot as 0, 1 
foot and leas than 2.6 feet a8 4 fathom, 2.5 feet nnd less thnn 4 
feet a8 f fathom, 4 feet and less than 6.5 feet as f fatbom, and 

336. Depth nnitS.-ThC unit to be used h plotting the soundings 



HYDROQRAPHY. 121 

5.6 feet and over as 1 fathom; when converting from feet to 
futhoms, for less than $0 feet drop the fi'nctioii, for B feet and 
over take the next whole fathom. 

889. Dedning reef limits.-The limits of reefs ns located by the 
hydrogaphy should be fully marked on tlie sheets in the fleld. 
The danger liniit of rocky bottom Iiaving some depth of water, but 
which can not be investigated in detail, should be indicnted by 
the sunken rock symbol. The coral-reef symbol s11oulQ be used to 
indicate the extent of corn1 reefs either bare or awash u t  low 
water. 

540. Errom and omiesions.-Where from ally renson but u single 
angle IS avallnble (as when n inistake has been made in readlug 
one angle) a line of position may be plotted by setting the angle 
on a protractor and plotting several points in the vlcinity of the 
work The boat must have been at some pluce on the line drawn 
through these points, and Ita location can be axed by the intersec- 
tion of this llne with the course made good, or by plotting on it 
the distance from either the preceding or succeeding position ac- 
cording to the time interval. If two angles have been observed, 
but without a common object, the two lines of positions inay be 
plotted separately and their intersection will be the position of the 
boat. 

Mistakes in angles o r  record may sometimes be detected by 
estimating the position from time and course and testing the 
angles with the protractor. KO arbitrary deviatlon from the 
record should be made, however, unless it 1s reasonable and sup- 
ported by other evidence. Such cnses, or rejection of any portion 
of the record, should be noted in the column of remarks with ren- 
Eon therefor, and this statement must be signed and all defects 
corrccted before leaving the working ground. 

841. North the top of sheet.-In plotting and inking orlglnnl 
sheets, north $hall be taken as the top, and names, soundings, and 
signals shnll be put on normd to the meridian, regardless of tlie 
direction of tlie borders of the sheet, except where i t  1s desirable 
that names be lettered to conform to geographic features. In such 
case8 the names shall be inked so as to be read. when looklng north. 
Names should by their direction and proximity clearly indicate 
the object desfgnated. 

842. Very large sheets should be nvoided in plotting hydrogrn- 
phy, being inconvenient to handle both in omce nnrl fleld. The 
standard size of topogruphic sheet Is 30 by 62 inch&% Solnewhat 
larger sheets mny sometimes be necessnry for hgdrojiraphg, but 
they should not exceed 42 by 00 inches. 
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37.08 
18.63 
12.36 
0.n 
6.18 
4.63 
3. n 
3.08 
2.a2 
1.85 
0.83 

345. For sinootli Iiydrogra1Mc sheels, Wliutninn's paper is fur- 
nished mounted, of size 30 by 62 inches. When Inrger sheets 
are required backed drawing paper of the best available quality 
should be used. 
344. A multiplicity of sheets should be avoided as far ns practi- 

cable by completing each sheet In its entlrety. Fragmentary sheets 
for  small pieces of work should he nroided : such information can 
often be placed as a subplan on another sheet covering the vicinity, 
separated by a border and with subtitle, 

345. For  bo:it sliects ii good quality of mounted pnper should be 
used, and a paper wltl i  brownish tint has been found very .satis- 
factory. 

546. Thin trunspnrent celluloid lias been used advantageously 
for boat eheets : one side of tliis material should have a dull flnisli 
so that  it may be written upon with a pencil. The celluloid is laid 
over the smootll sheet nnd the signuls marked. In  the  bont the 
celluloid is used over a sheet of paper. 

347. The boat sheet, if one is used, shoiild always be forwarded 
to the omce, to  assist in the  5nal veriflcatlon. 

348. The dis tmces thnt wilI be included on a sheet of given size 
and scale may readily be obtnined from the following table of scale 
equivalents, by dividing the length or width of the sheet by the 
length of 1 mile on the given scnle. For  instance, a sheet 42 inches 
by 60 inches on scale & w i l l  include an area 11.5 by 36.5 nautical 
milen. 

' 

12.672 82.18 
6.324 16. OB 
4.224 10.73 
3.168 8.05 
2.112 6.25 
1.684 4. a 
1.287 3.22 
1.058 2.68 
0. rn 2.01 
0 . 6 3 4 '  1.61 
0.317 ! 0.80 

-. 

NnuHcnlmlle. j Rtntuta mlle. 

Dwhas. 

14.693 
7.288 
4.864 
3.648 
2.432 
1.824 
1.4m 
1.216 . 0.012 
0. ?a0 
0.385 
0.182 
0.073 

I Inchos. 1 

. 

840. Manipulation of protractor.-In plotting positions It is well 
for the sake of rapidity to have a uniform practice in placing the 
protractor. It is usually preferable to  plnce the central a rm on 
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the central object, wlth the right and left :mns about equally 
distant from the corresponding objects ; keeping the central ob- 
ject on, push the instrument up, reducing the distances on either 
side equally until all three arms are on. Hnndled in this manner 
the clamped arms of the protractor are not touched by the hnnds. 
The protractor should be esamined occasionally to see that i t  
is in good adjustment nnd lias no lost motion in any of its parts. 
A protractor may be tested by measuring with it several angles 
which haw been accurately constructed geometricullp on dmwing 
Daw. 

560. For plotting angles where t h e  three-arni protractor can not 
advantageously be used, either became the angles can not be set 
off or the positions fall under the frame, the Court celluiold pro- 
tractor should be used. This is more convenient than uslng 
traclng paper. 

861. Spacing soundings.-In plotting soundings the mace be- 
tween the plotted positions should be divided (using tho con- 
venient standard spacing dividers) according to elapsed time and 
tho wundings placed at  positions indicated by their times. Where 
there is any distinction the more reliable system of lines should 
be plotted first. The center of a numeral, or group of numerals, 
representing a Sounding IS the position of the sounding. 

862. In  starting a sounding line from n position determined 
When the bont fs nt rest, another posltion should be determined 
&ter nn interval of one minute or when the boat has attained 
the sounding speed. Where considerable change of course is made 
and soundings are continued with the vessel or boat under m y ,  
ollomunce must be mude fn plottfng for tbe curve made in turn- 
lng and the fact that there is an appreciable intervnl before the 
v m e l  1s on the new conrse. In such a case a posltion should be 
determined just before changing the coufse and another ns 80011 
as the boat is on her new course. 

568. Sheeta should be carefully esamlned for differences in 
depths when soiinding IlneR cross one another. 

Discrepancies at crossings should be recognized ns evidence of 
8ome fault in  nppnratus, method, or record whlch requires a study 
to discover its source and indicate the most probable correction, 
and possibly a reexamination in the flela. The following typlcttl 
error8 are likely to produce large discrepancles and which are 
most readily detected by such a study. Careless protrnctfng or 
spacing of soundings : errora In applying lead-llne correction: 
confusion of numbers, mch a8 7 for 11; miscalled sounding; 
reversed angles, left far rlght OT right for left: mlsrendlnp: sex- 
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tnnt 6 or  10"; confusion of siguiils; sertnut butlly out of ndjiist- 
iuent ; erroneous tide reduction. 

Tlie following are tgpicnl of errors which wlll ivquire u uiore 
careful analysis of all avnllable data: Spnchg of wundIng8 ~vlien 
:iEected by unrecorded vnrintioiis of speed und course ; nuitcorded 
errors in length of lead m e ;  large clock errors; plane of refer- 
ence, when the soundliigs of oue line ut :I crossiug depend on a 
tide gauge blocked by shonls from the free nccesss of the tide; 
tide gauge too dlstnnt, or othemlse not well locnted in relation 
to the hydrogrnphy ; abrupt changes of slope, especlnllg those due 
to the existence of ridges formed by mnve nctlon on bms; dtf- 
fererice in state of the en. when the soundings of one lfhe 
tire more affected by rough water than those of another; sound- 
ings nffected by the eristenco of n blght in the lend line when 
running with OT ngninst wind, sea, or current; very soft or ooze 
bottom; n condition which permits of n considernble lntitude of 
judgment as to what 1s the bottom. 

Most of the errors in the fhst list will huvo the effect of 
displacing the sounding line from its true location, and a study 
of the dntn  should bring out the fact that the divergence was 
inconsistent wlth the record, nnd lend to the discovery of the 
error. 

Unrecorded vnrlntl6ns of speed most frequently occur at the 
start or flnlsh of n line--n compnrlson of. time lntervnls rtnd dis- 
tances between posltlons should Indicnte the ti'ouble. A faulty 
plane of reference w¶ll prodnce discrepnncfes where llnecJ of sound- 
ings reduced by It cross other lines of RouiidlngR reduced from 
a m e r e n t  gauge. 

Curves of equal depth afford useful evidence of the source 
of several discrepnncies, among whtch is that of n tide gauge 
poorly located wlth reference to llie hydropnphy. IJnder thiw 
condltfon curves located by mennw of ndjolnlng pnrnllel sounding 
lines, run n t  different stages of the tide, will hnve n jagged 
unnatural appearance. 

The existence of sand rldges on a bnr should be npparent from 
nn inspection of the whole nrea of the h ~ r .  A slight difference'in 
the podtfon of the vessel at n crossing mlght result in R soundlng 
belng taken on the crest of a rfdge nnd one on the slde or bottom 
of the steep fnward slope. The poss!blllty of an underwater Mght 
in the lead line should be capable of inference from the notes 
In the record. And 'here f t  Is pertlnent to once more stress the 
importance of a l l  notes fn the record. It should be obvious from 
the foregolng how necessnsp tbey nre In clearing up discrepnnc/teP. 
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sufficient notes may saw froiu rejtution ail nppnrently unreliable 
sl1ec.i. 

If the study does not result in 1111 tictiin1 c!ri*ection of one of 
the lines, yet it may plainly show good reasons for the rejection 
of one of the lines and, in consequence, warrant the adoptiou 
of the other. When the data do not afford u reasonable esplanu- 
tion of the difference, and the latter amounts to us much u s  5 
per cent of the depth in critical parts of the mnter area, ibe 
work should be revised in the fleld. 

364. Lead-line aomeotione.-To avoid large corrections to sound- 
IllgS it is desirable and convenient to have the lend line as nearly 
correct us prcicticable. The following method has been found to 
give a fairly constant lead line: First, eiwh lead line should have 
its own sized lead and not be subject to different tensions from 
leads of different weights ; second, before marking, let the line, 
with lead attached, drag after the vessel for several hours n day 
for two or three days, and nfterwRrds keep the line soiiked in 
salt water: third, mark the fathoms with line under a tension 
equiil to the weight of thc lend, Inying off the murks with n steel 
tape; the inteimedluk mnrks cnn bo put in with line extended 
on the deck, averiiglng the splices. 

566. Verifloation.-The IeRd line niust be verifled by the officer 
in charge at the beginning und end of each day's work, and the 
correctlons in feet and tenths recorded in the Bounding record or 'a 
statement entered that lead line is correct. In verlfylng the line 
care should be taken to apply a pull equal to that of the lead in 
water. 
366. Permanent marks may  be placed on a deck or a wharf with 

copper tacks, and the veriflcation of leiid liue can then be qnickly 
accornpllshed. 

867. Tile record in the sounding book of the coniptirisoii of leiid 
linea should be w) expliclt 118 io avoid m y  possibility of error in 
applying the correction to 8oundfng8, nnd the following form is 
recommended : 



368. The xninos sijp ludicates thnt tlie lead line Is too short, YO 

that the depths obtuined wlth i t  uppeur too lurge and the correc- 
tion to the Boundlugs is subtmctlve. The plus sign indicates that 
the lead line is too long, so that the depths obtained with It 
nppesr too small and the correction to tlie soundlugs is additive. 

350. The lead-line correctlon iuuy be neglected if not exceeding 
onAhnlf of 1 per cent. 

860. Lend lines nre marked as follows: 
1 fatRonb.-A piece of lciitlier with one strlp. 
8 fat1bonts.-A piece of leather with two strips. 
3 f a t l m m - A  piwe of leather with three strips. 
/t fafl~onia.-A piece oP lenther with four strips. 
5 fcithon~s.-\Vhite rag. 
G fatloma,-A plece of leather wlth one strip. 
7 fathcnna.-Red rag. 
8 fathoins.-A piece of leather with three strlps. 
9 fatho))ie.-A piece of lentlier with four strlps. 

10 fathoms.-A piece of leather with a hole In it. 
11 futlionu.-A piece of leather wlth one strip. 
If! fatho?,~s.-A piece of lealher with two strips. 
1s far honis.-Blue rag. 
I/r fathonm-A ylece of leather with four strips. 
15 fatho?ns.-Snme as 5. 
1G futhonu.-.4 piece of leiither with one strlp. 
17 fulhonie.-Sume UY 7. 
18 fathotns.-A piece of lcutlier with three strips. 
19 futJion~~.--A piece of leather with four strips. 
20 fdh0?~18.-TWo knots. 

361, U p  to 5 fathoins the llne should be ninrlretl with small 
wliitc cord for every foot, tlie half-fntlioni murk being CUstLn- 
guished by n cord with a knot, and thls deslbmuuon for half 
fathoms should continue to 10 fathoms. 
362. Sounding poles Instead of lines may be used in shoul 

depths. 
363. Sextant glasses.-A sufacient supply of spare sextant glnsveb 

should be kept on hund. Wlien tlic glasses becomc unserviceable 
they slioulrl be returned to the omce. Scxtant glasses are ex- 
pensive, and precaution should be tnlren against their being lost, 
broken, or scratched. 

364. In cnse of emergency sextant glusses muy be resilver6~ in 
the field hy the following wethod : The necessary requisites are 
tin foll and mercury. Lay the tin foil, which should esceed the 
surface of the glnss by ti quurter of an Inch on each Ride, on n 
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smooth pad of paper ; rub it smooth with the flnger ; add a drop 
of mercury about the size of n sinnll shot, which rub gently over 
the tin foil uutll it spreads itself nnd shows a silvered surface; 
gently add sumcient mercury to covcr the leaf, S o  that its surface 
is fluid. Prepare n sllp of clean tissue paper the s h e  of the tin 
foil. Brush the surface of the mercury gently to free it from 
dross. Take the glass, previously well cleaned, in the left hand 
nnd the paper in the right. Lay the paper on the mercui7 and 
the glnss on it. Presslng gently on the glass withdraw the paper. 
Turn the glass on its face and leave it on an inclined plane to 
allow the mercnrg to flow OR, which 1s accelerated by laying u 
strip of tin foil as a conductor to its lower edge. The edges limy 
be removed after 12 hours, and In 24 hours give I t  a coat of var- 
nish made from alcohol and red sealing was. Spare sextant 
glllsses are now furnished with ench sextant. 

566. The mercury-tin amalgam, whlle less rwdily affected chemi- 
cally, i s  more liable to niechanlcnl iujury than silver, and cnutioii 
1s therefore necessary in handling the sestant glasses. 

566. Dangers previously reported.-IS+lsting churts and publlcu- 
tions must be carefully compared with the development of the 
field work. Should a rock or shonl ixeviously indicated on a chart 
or mentioned In a publication not be found durlng the progress 
of the woik, the locality must be so carefully searched and the 
records must be so coinplete ns to show beyond doubt that the 
rock or shoal does not exist. It must be speclully mentioned I n  
Ihe descriptive report, and In thls report must be given, if pos- 
slble, the evidence of anyone who muy be deenicd an authority 
In the matter. No rock or shonl which has found a place on 
the publications is removed unkss it is proved beyond any doubt 
that such rock or shonl no longer exists. 

367. Information n m t  be obtniricd from a l l  avnllnble sources. 
Pilots, flshernien, shtpmnsters, bontmen, nnd others living in  the 
vicinity or ncquninted with the locality, must be consulted, nnd 
every place credited mlth a rock or shoal, even If only by ruinor, 
must be exnmined. 

968. Blank areas on charts.-Siirvcylng vessels when proceeding 
to or from the fleld of work should take opportunity, when it will 
not rnaterlally delay more important duties or interfere with their 
Instructions, to obtain occaslonal soundhis in area8 on the charb 
where no Infornintlon is n t  present given, particularly in the 
ordinary trnclrs of vessels. 

369. Ranges for compass deviations.-Report should be made of 
runges of prominent and easily cllstingulshed objects that mould 

(See par. 374.) 
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be suitable and useful for the purposes of deternilning the com- 
pass deviations of vwsels in the vicinity of iniportant harbors or 
anchorages. 

370. Information affeoting navigation, reports of dangers, and 
ohanges in aids t o  navigation.-All persons In the service of the 
Coast and Geodetic Survey should communicate to the Director 
any valuable information obtained affecting the interests of navi- 
gation along the coasts. Special reports should promptly be made 
of any Information of the following classes, giving in each case 
the authority m d  such recommendations as may seem desirable: 
rocks, reefs, shonIs, or sunken wrecks (with depth of water over 
snme), either not shown or Incorrectly shown : aids to unvigution 
difPering in any respect from the data glven on the charts or In 
the light or buoy list8 : important errars or omissions on charts 
or in Coast Pilots or sailing directions: changes in depths or di- 
rections of chtinnels, changes in coast line, currents, etc. (See 
also par. 401.) 

371. Determination of aids to navigation.-All aids to nnvfga- 
tion in the aren of the fleld of work, not already located, should 
be determined. Even outside of the limits of proposed work, when 
practicable, lights nnd buoys established by proper authority 
should be determined in position and tlescribecl when they nre 
not shown on the charts or have not pi*eviously been determined by 
this Survey. 
372. Veessels e11 route from one Iwi*t to nuother, wlieii wwC1ter 

and other drcumstances \vi11 peimit, should verify the Qosttions 
of lightships rind seamast buoys. Tile positions of all buoys and 
lightships on the fleld of work should Iw accurately determined. 

873. Care of property.-Reasonriblc uiicl proper care should n t  1111 
times be taken of property, boats, rind VeSselH employed In the sur- 
vey work. 

COAST PILOT. 

374 The following outlines brleflr ?he topics on which inforinn- 
tion shall be sought for pnblicntioii in the Const Pllot. I t  is 
n general wide for those whose siwecial assignment is coast-pilot 
work. All nmcers, when in a positlon to do so, shall collect such 
informatton nnd forward const-pilot notes as herein directed, 
which shall include nll the data obtained on any or all of the 
snbjeets mentioned. 

( a )  The Coast Pilot aims to supply all inforniation not fur- 
nished on charts or in other readily available forms, which may 
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be of use to the nnvlgutor of nny cruft whatsoever, regnrdlesq 
of drnft, size, o r  service. 

(13) Inqulries shall be made of locnl authorities, comiiierclnl 
orgnnlzntiops, yacht clubs, nnd others interested, 'for the purpose 
of ascertaining their needs so far tis they can be supplied by thls 
ficrvice, or through reference to other burenus. 

( c )  Relations shnll be estnblished, when possible, whereby tlie 
Sun-ey mill be advised nt ti11 times of any matters which should 
rcceive ronsiderntion in the ollice or attention In the Aeld. 

( a )  Prepnrntion for  this work sliull be  made by collecting nll 
tlnta in the omce or elsewhere amilnble bearing upon the region 
wliich is the subject of investlgntion, such RS reports of nltls niid 

tlnngers iinchnrted or  incorrectly chnrted ; elinmine previous pub- 
Hcutions nnd note omitted, incomplete, or erroneous informution : 
innke study of United States Army ICnglneers' blue prints of 
surveys of improved urens in order to  determine necessity for 
estenslon of their surveys to corer indicntcvl chnnges beyond 
the limits of their work ; note locnlities requiring exnminntion 
on account of the incompleteness of surveys or  incrensed lni- 
portance of loculity ; nscertnin from the ofllce in wlint locnlltiex 
our data  on tides and currenta nre incomplete and should be 
supplemented in  tlie Aeld ; consult Sennte :uid House docuinents 
ou exnmlnntions, surveys. reports. and iniprovements in regions 
under consideratlon. 

Bromides of originnl sheets 11iit.v be required wli tw n chart 1s 
inndequnte by reason gf scnle or lnck of tletnll for purposes of 
field exitinination. 

(e )  I n  the  fleld, data will be c*ollecled 1'1~0111 ull avnilnblc 
sources; omces of thc United StRtes Army Engineers should be 
rlsited to  obtuin results of their surveys nnd exuminntlons, nro- 
gram of proposed operatiom, und lnforindtion on subjects useful 
to the  Survey. 

( f )  Appllcntion for sinlilnr inforinatloll shnll be made, per- 
sonnlly if possible, to  n~iiiliCipal engineers I n  charge of water 
fronts, englneer departments of railwnys controlllng deep-water 
lermlnnls, State authorities or others engnged in the development 
or operntion of waterways, mnriners and other individuals in- 
terested in slilpping. 

( 0 )  Travel to and from the field of work and inoveiiients by 
 member^ of the pnrty whlle 011 tho workliig ground shall be by 
steamer LIS i'nr ns  possible in order to collect dntn from locnl 
masters nnd pilots making the runs. On the working ground, 

13027"-21-9 
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visits should be made to Hglitsidp8, lenders, und stations of the  
Bureau of Lighthouses, and officers and employees interviewed. 
No general rules can be laid dowii, but the  following points wlll 
be suggestive so far as applicuble to any particular region. The 
amount of detail to be given requires mucll judgment, us over- 
minute detnils tend to  obscure the most useful facts. Obviously 
certain classes of iuforruation may be useful us  in a new country 
previously unsurveyed which may not be necessary to  give in  con- 
nection with n well-known coaat. 
376. Qeneral description of the const, following the geogn~plilc 

sequence of the published Coast Pilots, and including the  nspect 
or appearance of the const on imking the land ; describing promi- 
nent objects, as, on ti bold coast, the  headlands, peaks, etc., with 
their form, color, and height : or, on u flat coast, the water tanks, 
hpires, beacons, etc. Especially describe the first landfall and 
objects useful as guides to  navigation. 
376. Outlying dangers and islands, the limits of tide rips and 

breakers, and their relation to  wind and tide. 
377. Landmarks.-nescrlptlon of all prominent landmarks likely 

to be useful to  navigation or to future  surveying operations. If 
mountains, state whether summits are often clouded. Give 
measured or estiiiitited heights of iiiountains, hills, cliffs, islets, or 
rocks referred to. Describe ranges in use by pilots nnd meaus of 
identifying them. Suggestions should be niade as to other ranges 
thnt  would be useful or as to artificial marks tliut it would be de- 
sirable to erect. (See pur. 104, “Topography.”) 

878. Directions for passing the outlyhg dangers. 
370. Refuge.-In case of stress of wentlier the best anchorage 

or the  nearest harbor of refuge to run for : or  In extreme cases of 
damage the best pluce to beach a ship. Locate and describe life- 
saving stations and houses of refuge. Give character of bench 
und behavior of vessel in breakers. 

380. Pilots.-Infor~nation tis to their station or cruislrig ground, 
m y  special regulations or signals, their charges, the 1)os;iblllty 
of obtaining tugs, etc. ; anchoruge while awaitiiig pilot or tug. 
381. Appr,oaches.-General remarks, usuul course from nlong- 

shore or from sea, dependence on lend, npprouching in  thick 
weather. 
382. Bars.-Describe principal marks and aids. Give directions 

for  approach, with description of Outlying and other dangers and 
how to avoid them. Least depth and width at best place for crossing 
b a r ;  most favorable time to enter. Does bar  break in ordinary 
or only in heavy weather? How fur out do breakers exteud? 
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Give velocity and direction of wind and stage of tide produciug 
these conditions. Cnu entrance be innde while bar is breaking; 
and, If so, for what  drnft? Give character of bottom, and usual 
ullowance made for squat, pitch, and tides uiider different condi- 
tions on the bur. To what cliiinge in depth and positioll Is tlie 
bar channel or approaclies subJect; if any, @ve luiignitude and 
direction of change. (See Currents.) 

383. Channels.-Giw m1nIn1uni avnilable depth throughout and 
where necessiiry tbe minimum width. Give cliaracter of bottom 
and describe all alds rind iiaturul objects. Are channel bank6 
defined by grass or other growth, color of shoals, or in any other 
ivadjly rfxoguizable manner 7 

State  maxiniuin draf t  possible and greatest draf t  entering or 
leavlng. Where mnsiniuin draf t  differs froni iuluirnum depth 111 

channel state reasons for snuie, lis swell, squat, tlde, and rocky 
or soft bottom. Note depth nnd cliaracter of upprotic:hes to 
wharves, piers, dry docks, ruarlrie milwuys, and con1 stations. 
Manner of approaching them and why. Are channels perninuent, 
subject to considvrnble or frequent chiinge, under improvement, 
or maintained? 

884. Description of t h e  shore, with clini*acterIstics (11s helght. 
color, wooded, cultivated, bold, sandy) of encli importnnt hmd- 
land, point, island, and rock. 

385, Inshore dangers.--I<stent nml n t i  ture, lenst depth over 
them; whether vlsible; if breaking, a t  what stage of tide; how 
mucli, if any, is bare at low wnter ;  mnrlrs or riiiigcs for  clearing 
them by day or night. In regions where dangerous slionl iireas 
o r  plnnucles are marked by kelp or other growth s ta te  the ordi- 
nary filgniflcnnce of siich growths, at what stnge of tide they 
show at srtrfnce, and wlien, if ever, tliry are towed under. 

111 rogious where bowlders, ledge, coral heads, or similnr 
dtung:erfi probably exist It Is veiy dosirable to  exliminc the sus. 
pected aivas at extreme low wuter, l i t  wlilch time important fa- 
tures muy show nbove or near tlie snrface. 
In the esliminntlon of entrutices nnd iippronches for o&'-lyin,n 

dnngers, ndvanhge should be tnken of henvg weather to locate 
niiy shoaLs m111~lred hy breakers. The existence of rocks or other 
shofils In locnlltles of considerable current I s  often fndfcated by 
rips nritl s\virls ; mwli disturbniices should be noted n t  strength 
of current and lnvc,stinnted. 

386. Ports.-Commercinl importnnce, chai*ncter, tind tiingiiitude 
of trqile, chief exports und Imports, facilitles for coaling and 
watering vessels, suppljes tind provinlouv obt~lnable ,  fncilities for 
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repairs to hulls and macliinery, inurlne railwuys or dry doch  
(leugth, draft forward ciud aft, and tounage hauled) , wh?rves, 
piers, and docks, and depth of water and cliuracter of bottom 
alongside rind in npproaclics, vhethcr public or private, and rilles 
for use, hurbor regulations, means of communication. 

Locate and describe customnry anchorage, customhouse tiud 
landing, time ball, statlon for reporting vessels, storm warolx~g 
nnd small craft warning display stntions, quarantine stations, 
hospitals for mariners ; and obtain copies of all published pilot, 
hnrbor, and anchorage rules and regulntions where possible. Note 
hiirbor Improvements in progress or projected. 
387. Sailing directions for approaching, enterlnp, nnrl leaving 

chuuiiels und harbors ; such dirwtions shoulrl be actually tried 
under different conclitioiis iind verified before they are adopted or 
recommended for urn. 

Verify ranges and cleterniine and describe any natural ranges or 
lending marks, deflnlng sCiiling llnes, points of change of COUWP. 
dangers, and other features. 

Check bearings or obtiiin naimuth of cli-edged channel axes. 
Wherever possible locntc uids by means of ranges, bearin@, ox 
angles for use as chcvlke on their posltlon. Add tiny nseful detnlls 
not given in light list, reliubility of lights and buoys, visibility of 
llglits und audibility of fog signals. Note localltles of iinusuul 
sound reflection. Locate and describe marks and nids, whether 
natural objects or others, used in connectlon with works of im- 
provement which lnuy serve as navigaeonnl yldes. Locate and 
describe a h  weirs, oyster stakes, and slmilur constructions, also 
clny mnrks and Ilghts xnalntained on them. Give rules and regu- 
lations relating to them. 
388. Aids.--Cights, Ilghthouses, buoys, beiwons, and other nlds 

ehtiil be verified on the ground for locntion, descrlptfon, depth 
alongside, and hi relation to the features they are fntended to 
mark. Note buoys which tom under or do not watch properly. 
Where the distinctive charactei4sttc of an uid is its color state 
whether I t  is generally clearly distinguishable. 
388. Currents, tidal or nontidaL4eneral conclusions from ob- 

.rervations or other informatlon. Give velocity, direction, duru- 
tion, and relation of time of slack to that of high water or Iow 
water. Note set with reference to axis of channel and openings 
through bridges and at  other contractions of the fairway, across 
bars and in entrances; approaching docks and piers; occurrence 
of rips, swirls, and eddies. Effect of wind and freshets on cur- 
rents, uncl if flood current Is ever eutirely overcome. Describe 
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fully all abnormalities in currents or marked variatioiis froni 
usual phenomena. The notes shall cover the entire fleld of oper- 
ations, both inshore and offshore, and include nil horizontal move- 
inents of surPnce waters, whether tidal or nontidal, or both. 
Where tke  currents are clue to winds or other meteorologic C(~IIS(’ 
or  are prrntly modified i n  velocity, direction, and durntion thereby, 
the  variations produced shall be determined and their relation to 
the conditions tha t  produce them shall be developed if possible, 
such as velocity and direction of wind. 

390. Tides.--Collect all available data benring upon tides, er- 
cessive or  nbnormal rise find full, duration of stand, and time of 
high and low wnter. Where gnuges nre in operution mnke speciul 
effort to obtain records of such conditions; whether due to wind, 
flood, or other causes. Note rntv of progress of the tidal WILW 
and the variation of nmplitudc ulong its course. 

In shonl nreas, especinlly inclosed waters, give vnrlntion of 
surface level due to storms nnd, if possibIe, develop relntlon of’ 
velocity nnd directiou of wind to locnlity and magnitude of result- 
ing changes in surface elevation. 

391. Bridges, contraotions, and obstructions.-Note kind of 
bridge, Iioripontnl nut1 vertlcnl clearnnce nt high mater of open- 
ings through flxed spans, drums when closed, niid nt other con- 
tractions; dso depth in opealngs. Length, beam, and draf t  PC- 
commodated by locks rind sIlniltir striicturcs. Veerticti1 clenerance 
of‘ nerfal cables nnd trolley wires. Which side of drnw o r  open- 
inr: of bridge should be used, ant1 if only one, stnte for what 
reason. Obtain coples of rules and r ~ g ~ l u t i o n s  govrrning the 
operntlon of bridges nnd locks and sigiils in  use. 

392. 1oe.-Sensoii during wliich I t  is encoullterecl. Its form of 
occurrence ; movements under in1luence of wiuds iincl currents ; 
extent to  mhich it affects nnvigation. Senson of nrivigntlon as 
affected hy ice, flood, fog, low wnfer, 6torllls, and in addition in  
the  case of cannls nnd other nrtiflciul wntemnys give perlod of 
cnvigution flsed by lnw 01’ regullition. 
39s. Rivere.-Give d r a f t  and class of vessels whlch can enter; 

point to mhlcli tide reaches; depth on bnrs and permrincncy of 
c.hunne1; strength of currelit : eflect of freshets : distance to head 
of nnvignti,on for  stenmers and other crnft. 

594. Canals.-Describe locntlon nntl ’ npproaches, @Ye total 
Imgtli of euch lock, cnpndty of locks, controlling vertical clear- 
nnce under overllend strnctures, rmssliig points, tie-up points, local 
contractions, vnrintions of surfnce elerntion, period open to nnvi- 
gation, rules, signnls, nnct regulations gorerning operation. 
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306. Anchorages, with descrfptions relaeve to their capadty, 
holding ground, pmount of protection, und circumstances of 
weather under which tested. Chnrnctcr of bottom, marks, and 
rules and regulations for use, If any. 
386. Landing places, especially on 81 coast exposed to swell. 
307. Watering places for vessels-Rivers, streams, or springs.- 

A t  ports state whether water Is piped to wharves or supplled by 
water boats, and charges ; convenience for waterlng ships. Give 
distance upstrenm that salt water extends nt different seusons 
or under other varying conditions ; state also when overboard 
water 1s suficiently fresh for drinking or boiler purposes. 
398. Weather.-Under this head state briefly only new and im- 

portant facts, a s  prevailing wlnds and their sensons, dlrcctions 
from whicli gnlcs come nnd how they affect anchorage, land and 
sei1 breezes, rainy seasons, fogs, and freshets, and waaons or 
conditions when prevalent. 

399. Wrecks, whcre usually occurring ; tendeucy of wrecks to 
brmk up or remain in posltion. Information benring upon the 
occurrence of wrecks is exceedingly desirable. It 1s of first hi- 

portunce that inqnirles be made and investigtitions instituted 
for the purpose of develophg tbe varlons cau8es contributlng la 
any wny to xnnrlne disasters, such as llttle known currents, addi- 
tional aids required, misleading or deceptlve bottom relief in 
approaches, shifting shoals and channels, imperfect or inadequate 
charts. 

400, Change of coast line or depths.-Mention nny reliable evi- 
dence as to recession or growth of shore line or change of depths. 
Note any important facts regarding changes obsewrd. Give evl- 
dence, if nny, of subsidence or emergence of shores. Locate nnd 
outline limits of clumping ground for dredged or other materfals. 
Giw loctition of subiunrine cables and water mains. Define 
limits and give regulations for  forbidden anchorages. Report all 
obstructions nnd tenipornrily obstructive operations. Note cspe- 
cirilly locnlltles when1 clii~wes of any sort nffectlng riavigntlon 
urc lilrely to occur and report those which should receive frequent 
ettention in order to keep publlcritions up to dah.. 

401. Infornintlon of iluPort~l1lw affecting n:ivigation, such ns 
rocks, reefs, slionls, snnken wrecks, aids omitted or .incorrectly 
cliarted, errors or omissions on charts or in  Coast Pilots, changes 
in depth, chnniiels, coast line, and currents shnll be forwarded 
to the Director vithout delny for inscrtlon jn the Notice to Mnr- 
iiirrs or other immediate publication. Whcre nids nre involved 
81 report shall be forwarded, without recommendation, to the 
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lighthouse inspector and u copy sent to the Diiwtor. Sugges- 
tions or reconimendatlons in regiird to aids shall be sent only to 
the Director. 

(a) To avoid delay, inspectors and chiefs of parties on the 
Pacific const and Musks are authorized, whenever the Survey 
develops rocks or other important information that should reach 
the public promptly, to issue a notice furnishing such Information. 
A copy of such notice, with full details, wlll be .mitiled to the 
Washington omce at once. 

402. Inside route pilot.-(a) Specinl effort shall be made to cob 
lect information which will contribute toward the completeness 
of our publicntions covering the inside routes through inland 
waters and all entrances and inlets afPording access to such 
routes and with special reference to the needs of motor boats. 

( I )  Note extent of routes and period of nuvigntion ; draft that 
can be nccoinuiodnted at low writer and a t  high water; width of 
opening and vertical clearance under both flsed spnns and draw- 
bridges ; lvles aud regulations for operation of drnwvbridges ; draft 
In canals ; length and width of loclrs ; obstructioufi ; tolls ; period 
of nnvlgation ; nttended or unnttended bildges ; rules, regulations, 
tind signals. 

( c )  Navigability of tributary rivers, creeks, and other wnter- 
~vtiys ,  and distauce from uiouth to fnlls, rapids, dtiins, or other 
hend of navigation, including depths and distances to various 
points. . 

( d )  At points whelp bonts mist wait for the tide the time of 
local- high water referred to sonic known point should be given. 
Churncter of bottom shnll he cletc~rmined generally, especinlly at 
local shoulings such ns cross-overs, bars, oyster reefs, etc. Outline 
iuid descrlbe snug infested and stump infested nreas. 

vuriiition of surface due to winds and floods should be noted. 
LocrlPitieu of strong currents should be mentioned with a t  least 
ngprorimnte velocities nnd relntion of t h e  of occurrence t6 that 
of local or other high or low maters. Note points where navign- 
tion depends upon freshet conditions or high mater due to rain. 

( f )  Locnte and describe, in relntion to the channels or other 
fentures they are intended to mark, nll aids to navigatlon, includ- 
ing private aids such as  pointers, poIes, bush stakes, beacons, 
buoys, etc. Note buoys wlilcli tow under or do not watch properly. 
WJm-e the distinctive charrlcteriwtic of nil aid is i ts  color, state 
whether it i s  ge:enerally clearly distinguishnble. 

(e )  The esteiit to which the tide nffpts the inland waters and .  
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(y )  Give points where services of pilots are iiecessnry, where 
they can be obtained and rates, estent of trnfflc, development 01' 
settlement of region, and mention places where supplies, provi- 
sions, gasoline, 011, water, ice, and hotel clcconimodntions can be 
obtained ; also facilities for watering vessels and coaling, where 
small craft can be repaired, hulls, uiachinery, or both ; give loca- 
tion of marine railways nud the length, beam, draft f o r w r d  and 
rtft and tonnage they cnn haul. 

(h) In remote districts telegraph, telephone, railroad, steam- 
boat, or other lines of communicatioii rind postal facilities should 
be described. 

(i) Occurrence of obstructive gi'owthu such as hyacinth, grass, 
kelp, etc., and season in which they are found, occurrence of ice 
rind to what extent and for what period navlgntion Is affected. 

( j )  Note especially localities where change8 of any sort affect- 
Ing navigation nre likely to occur and which should receive fre- 
quent atteiitlon in order to keep publications up to date. 

(IC) E?itra?zoes und i?zIete.-Describe princlpal inarks and aids : 
directions for approaching entrance with description of outlying 
or other dnngers und Jiow avoided; least depth rind widtfl fq 
entrance, across bar in channel, nnd locate same. To what change 
in depth and position Is entrance subject; lf any, give rate nnd 
direction. 

(I)  Does bur 1)reak in  ordinary or only heavy weather? Give 
direction mid velocity of wind producing this effect. How far 
out do breakers extend? Can entrance be made while bar is brealr- 
in& rind, if so, for whnt draft? 

TIDES. 

408. Purpose.-Tide observntions are made in connection Witb 
hydrographic work in order to furnish data for computing the 
plane of reference, for reducing the soundings to that datum, and 
for use in making predictions and giving tidal inforiristion for 
the Tide Tables, Coast Pilots, and Charts. Tide observatlons also 
furnish deterininations of mean sea level for u'se in connection 
wlth precise leveling, and glve information valunble for other en- 
gineering and scientific purposes. One or more tide gauges must 
be maintained in connectbn with all hydrographic work, and the 
tide observations should he innde as complete as circumstmces will 
permit. 
404. Location of gauge.-The corrections necessary to refer 

soundings to the aclopted plune of reference shnll be in error not 
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more than one-8ftli of the allowable error in the deteriuinntion of 
depth ; where the rillowable error in depth is onehalf foot or leas 
the correction slinll not be in error more than one-tenth foot. 
Gauges shall be located 80 us to upproximate the conditions on the 
working ground within the limits stated. Should doubt attach to 
nny gauge in use, n temporary stair sliall be established in the ini- 
mediate vicinity of the work and the results at the gauge in ques- 
tion verified. In  connection with hydrographic work, it wlll in 
general be desiruble to set up an autonintlc tide gauge a t  some cen- 
tip1 point, and continue it there throughout tlie season ; subsidinry 
tide s t a s  ure also to be established in tlie immediate vicinity of 
the work, as may be necessary. In selecting a site for n tide 
gauge, existing facilities and the accemibility of tlie location to the 
observer must geneinlly be taken into account. It will be conven- 
lent to place an riutornatic tide gauge on n wharf if a substantial 
one exists. It is importnnt, howerer, tliut the location shnll be 
such that there Is free communication with the sen, shelter from 
storm waves, nnd deep water close to the position at low tides. 
For use in connectiou with tlie hydrogruphy on the outer coast it 
Is advisable to avoid n locritioii for :i giinge well inside of n river 
mouth or shallow estuary, or in any body of water having only a 
narrow connection with the sea. For surreys of offshore bnrs and 
exposed channel upproaclies, where especially accurate soundings 
will be required for which the record of an Inshore tide etaff !vi11 
riot be sufficient, a tenipornry tide stuff should be established by 
pumping down a scantling, or otherwise. 

406. Abnormal tides due t o  oonflgnration of shore.-In straits 
connecting two areiis having tides of different rnnges nnd epochs 
of occurre~ice, it will usunlly be iound tliiit there is n portion of thr 
strait in  whicli tlie tide wr ies  rapidly froiu place to place. For 
instnnce, within a single inile at Hell Grite. Enst Rirer, N. Y., the 
t h e  of tide chnnges about tin hour, ant1 the mean rnnge varies 
about 1 foot. Similarly, in the clinnnel north of Vancouver Islnnd, 
British Coluzubiu, there is n difference of nbout 2 hours in the 
time of tide, und of about 5 feet in tlie inem rnnge, within a few 
miles. There may be an nppreclable difference in both time nnd 
Iielglit of tide on the different sides of the snnie island in an archi- 
pelago, for it often hnppens that rnpid changes occur in tlie tides 
rind currents of such groups. Sometinlei the occurrence O f  a slionl 
iiear one end of n rnthcr siiinll tletaclied islnnd will cause tlie tides 
to difl'er considerably on opposite sides of the Island, depending 
upon the location of th<slioul witl i  reference to the npgrooncli of 
the tide wave. 
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406. Abnormal tides due to  wind and shallow water.-In large 
hhnllow bays, in  broad stretches of rivers or along shores where 
the mater is shoal, the wind sometimes hns considerable effect 
upon the level of the water surface, and two tide stations dif- 
ferently exposed to the mind muy be affected unequally. 

Failure to  detect the contlitions that cniise ubnornial tides, and 
to adopt meusures thiit will permit the eliminntion of these ab- 
normalities, has cuuscd sounding lilies to fail to  cross by severnl 
feet, and, in some instances, has seriously vitiated the survey. 

Where the conditions described prevail, an additional staff 
should be estnblivlied i n  the iinmedlnte location of the work, and 
comparison of the title observations innde with those of the stand- 
nrd gauge. The observntiouv ut the auxiliary gauge shouN in- 
clude one complete rcinge of the tide on each day that  the gauge 
is used, unless its bench murk is connected with the bench murk 
of the automatic tide gauge by a line of levels. I n  that case 
the observntions nt the auxiliary gauge mny cover only those hours 
during which sounding dependent upon the gauge 1s being done. 

407. Tide gauges.-There nre four types of tide gnuges, known 
ns tide staffs, box gauges, pressure gauges, and nutomntic gauges. 
The plain tide staff is the siniplest and most common forni of tide 
gauge, and whenever posslble should be used in connectlon with 
the other kinds of tide gauges in  order to  refer the tidal results 
to permanent bench marks. The box gauge is sometimes employeci 
when the water is too rough to obtuin satisfactory reudings froni 
n plain staff. The pressure gauge may be used from ? veqSel ut 
anchor where the water is too deep to erect a tide stnfp. The 
automatlc gauge Is used when a continuous record of the  tide for 
a long period is desired. 

408. Tide staff.-The siiaplest form of the gauge is a plain bourcl, 
about 5 inches wide, 1 inch thick, nnd the length should be b m ~ l  
on the extreme fluctuation of the mater surface in  the locality in 
which it is t o  be used. It should be graduated to  feet and tenths 
(not inches) with numbers increasing upward, the lowest grnduu- 
tion being zero (0). It must be securely fastened in n vertical 
position to  n Pile or other suituble support. The zero should be 
placed lower than the lowest known tide, and 11 tempornry bench 
mark established as close to it as prncticnble, in order thnt the 
staff may be rendily returnecl to  i ts  originnl position if displaced 
by accident. For reference to perinanent bench marks see para- 
graphs 614-520. It is desirable that the tide stnff be pninted, ewe-  
cially if i t  is to be used for n considerdble length of time. I n  the  
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latter case the graduation should be cut into the wood on the 
edge of the staff. 
408. Glass tube.-When the water is rough it is a great advan- 

tage to hare a glass tube, prvtially closed at  the subnierged end 
by a notched cork or  otlierwi.lse, secured to the Pace of tho staff. 
Some floating object should be introduced into the tube in order 
to give deflnftion to the w n t t ~  line within, eucli as a ball cut 
out of cork and scorched to bluclten it, or a little colored oil. This 
bnll should be someivhilt smtiller than tlie bore of the tube, rn it 
otherwise tends to increase tlie cnpillarity 111 tlie lube n n d  indl- 
cate hcighls u little above the true. 

410. Portable staff.-It will sonietimes be preferable to use a 
movable tide staff, which luny br tnlren out and cleaned or re- 
painted or removcd for UM: in another locality. A gildeboard is 
secured in ti vertical position to a pile or other suitable support, 
and pieces nailcd to it so as to forin grooves in which to slide the 
tide staff, esposing only its gruduationo. This guideboard need 
not extend lower than mean tide levcl. A metal plate is screwed 
to the top of the guidebnurd, Porniing n stnble support for n metal 
shoulder which h fnfltened upon the bnck oP tlie movable stufE. 
This metal plato 6erves n~ u teniportiry bench mark, whose reln- 
tlon to the zero of the gruduiition inuvt be stilted. 
411. Portable stnffs nre recoinmended for nse especlullg in con- 

nectiou with autoinntic tide griugcs Bt stations where the observu- 
tions are to be continued for wveral years. An ordinary tlxetl 
staff left in the water soon becomes discolored nnd tlic gradun- 
tlons illeglble, necessitnting frequent removnls . for pnintlng. A 
portablo staff thnt is Illnced in the wnter only when i t  is to bo 
read mid is kept i n  the tide house nt other tiincs remuius in n 
good condition much longer. For conveniei1ce in storiug iu tlie 
tide house tlic staff inriy be in sectlons~fiisteiicd together with a 
hinge, which 6hOUId usunlIy be pinced on the face of the staR 130 
11s riot to interfere when the latter is lowered in its yides.  As 
it may sometimes be convenient to use the same portiiblo stuff 
ut different stations t i  standard size is desirable. I t  is recom- 
i~icnded thnt such stnm be ninde 5 inches wide and 1 fneh thfek 
or slightly less when dressed. The guldes should be constructed 
with the sliding space about 54 Inches by 14 inches to provide 
sumcient ninrgin for the stnff to be Iowered without binding. 

412. Xultiple &ails.-When the range of tide is too great to be 
inensured by II slngk staff, ti succession of staffs u a y  soinetiiiieq 
be iis~vl ;!long sliores with gentle slopes. A field glnss will usucilly 
enqblc the o1,servc.r to rend t l i c .  outrr st niP. Whm possible, 
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these should be urrunged so thnt tlie graduations \vi11 be coii- 
tinuous from one staff to  tlie otlier, so that  the readings on all 
tlie stafrs will be referred to the mine aero. 

413. Box gauge.-This form nlny soiiietilnes be eiuplogecl wlleti 
more accurate readings are required or when the swell renders 
the use of a simple staff inconvenient. It consists essentinlly 
of a float that  rises and falls in a vertical bos to  whicli the tide 
htm access; and to  the  flont Is attached either a n  iiidex that 
moves over a k e d  scale or u gmdunted rod tha t  moves over nn 
Index. The flout i s  usually IL copper cyllnder about 84 inches in 
diameter and 3 iuches high, t h e  bottom being weighted to give 
i t  stendlness i n  the water. The top niny bc providcxl with II 

socket for a graduated rod or mlth a ring €or an index wire  or 
cord. The float box is similar to  thnt used €or a n  automatic 
gauge (see pars. 441 and 442 for  deswiption), but the opening in 
the bottom mny be  somewhat larger. A hole 13 Inches i n  dinmeter 
111 a float box that is 12 Inches in ilinlucter will permit the 
water to enter freely enough to give a perceptible slow motion 
to the float when the  water outside is  rough. Such n motion is 
desirable i n  order that the  observer may bo nssured that  the  box 
is not clogged with sediment or other obstruction. 

414. A convenient for111 of bos gauge, wlicre the range of tide 
is not too great, i s  to h a r e  a light wooden rod flxecl in a socket 
on top of flont nnd stendled by cross pieces nt the upper end of 
the flont box, so as to rise tilid fall in n verticnl liiie. The rod 
should be nunibered froiii above downward, zero being at the 
upper end. The top of the box, or of (1 board or u piece of slieer 
metal plnced n t . n  convenient height for the eye, is used as tlie 
rending point. 

416. I n  mother  form of box gauge o i i ~  elid of n sninll flexible 
wire is attuclied to a ring i n  tlie top of the float, while the  wire 
pnsses over one or more pulleys find terinlnntes with I I  counter- 
poise. An index on the wire pnsses over n flxed scale, which 
may for convenience be either verticcil 01’ horizontnl. The scnle 
is usunlly tlirit of nnturc, but sometimes i t  is desiritblc to either 
Increase or dlminish the scale, mhlcli can be done by passing wires 
over drums of d1Berent sizes or by iiieniis of inorable pulleys. 

416. A form of box gnuge ndnptetl especiully for use iii the rough’ 
waters on shoals offshore consbts. of n white-pine pole stnff, cross 
section 1 by 1 inch, with roiinded edges, graduated on ench of 
the four sides 111 feet and two-tenths with the zero (0) ut the  
top, nnd set 111 n hollow cylliidi-icnl white-pine flo:it 14 iiiches 
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outside diameter and seven-eighths inch inslde diameter. The 
float should be thoroughly covered with shellac and liquid par- 
a n .  The leugth of the rod wvlll depend upon the runge of tide 
in the locality where It is to be used, aud the length of the flout 
should be about four-tenths tliut of the rod. The float well con- 
sists of a 2-inch iron pipe, the bottom of which is set in a 
1000-pound concrete block to serve us ttn anchor. The pipe should 
be long enough to reach above the ordinary waves at 111gh tide. 
and a one-fourth inch hole should be drilled in the side severnl 
feet nbove the concrete mchor. A cnp with a square hole for the 
staff is to be screwed on top of pipe after the float staff has becu 
plnced Inside. Just below the clip, u %inch flnnge for the at- 
tachment of guy wires mny be screwed 011 the pipe, and four 
small shenves, one for each my wire, secured to this flange by 
mire loops. The top of the pipe is to bc secured by four guy 
wires of KO. 0 wire with leads making un iingle of  80" of more 
with the vertical. The end of aich guy wire is to be nnchored 
with concrete blocks, giving n total weight of about 2000 pounds 
to ench nnchor. Bor conrellienco in hmdling, ench concrete 
block may Be cnst with wiiv-rope loops projecting. After the 
anchors hnve bceu set the guy wires are led through the shenves 
nt the top of the float pipe uncl dnwn taut, ti fencewire stretcher 
being courenieut for this purpose. 

417. Reference of box gauge t o  bench mark-The reference of 
a box gauge to a bench mark should be such as  to Indicate 
clenrly the elevation of the mark nbove the water surface when the 
gauge reads zero (01, the position of the ,water surface at this 
lime being the true datum of the box-gnuge readings. This refer- 
ence cnn geuernlly be most satisfactorily obtnined by erecting a 
pliiin fixed stnff nenr by, the zero of which Is referred to the bench 
mnrks by spirit levels. Simultaneous reacllngs of the mater on 
both gauges are taken when the wnter is rcnsouably smooth. A 
comparison of these readings will gire the difference between the 
dtitums of the two gauges, which difference npplied to the eleva- 
tion of the bench mnrk nbove the zero of the flsed staff will give 
the elevation of the bench above the datum of the box gauge. 
The difference between the box-gauge midings and the flxed-staff 
readings should be frequently checked, as a small leak in  the float 
of the box gnuge might change the line of flotation and conse- 
quently modify the datum. 

418. The relation of u bench mark to the box-gauge datum may 
ale0 be obtnined directly as follows: ( n )  When n graduated rod, 
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with scale inverted, is attached to the float and moves over an 
index known ns the rending point. In this cnse obtain the eleva- 
tion of the bench mnrk nbove the reading point and add tlie 
length of the float rod as inemured from the aero (0) grnduatioii 
to the water line on the float. In case tlie bench marlr is below 
the rending point, this distance should of course be subtrncted 
from the length of the float rod. ( b )  When an ungraduated rod 
wlth an index is attached to the float and moves over a flxed 
vertical scale, the graduations Increasing upwwd, the elevation 
of the bench mnrk above the zeso of the scale should be ndded to 
the length of the float rod as mensured from the index to the 
water line on the flont. ( c )  When a cord or mire connects the 
float wlth an index, n direct measurement is usunlly Snipracticnble. 
In this cnse the elevntfon of the bench mark above the water sur- 
face should be obtained when the mater is smooth, and to this 
should be added the box-gauge reading taken a t  the same t h e .  
In  every case the separate measurements must be entered in thr 
record in order thnt the results may be properly interpreted nnd 
verftled. 

419. Pressure gauge.-This 1s nu iiistruiiient for determining the 
tide by measuring the variation in pressure nt the bottom, due 
to the rise and fall of the water. Although the results are very 
rough ns compnred with those obtnlned by a plnin tide stnff, the 
gauge Is servlceable In obtninlng the approximate tides on shonls 
mhei-e the water is too deep to erect RU ordtnnry tide gauge bnt is 
sufticiently shonl to anchor n hont. A siinple form of this gauge 
formerly used by this Survey consfsted of a strong rubber bng, 
holding about 6 gnllons, connected with n flexible, nlr-tight tube, 
having an inside bore about one-fourth inch, and made ln sectlons 
ilke gnrtlen hose. The upper end of tlie tube has n stopcock and n 
steam gnuge. The bag Is Incnsed in an iron bm,  which Is nearly 
water-tight, 60 as to exclude the influence of short-period waves, 
the snme as for a box gauge. The iron box contatnlng the Inflntetl 
bag is lowered to the bottom, the gnuge on board the vessel beinK 
read a t  intervnls, the rise and fall of tide being Indicated by 
change of pressure. 

420. The ncm-meiwrlnl cnuge nnd munometer, two other forms 
of prcssiire tide gnugeR, have a l p 0  been used nnd description of 
them can be furnished when desired. 

421. Autometic tide gauge.-Thls machine, which 1s known nlso 
118 IL self-registering gauge, traces a curve that graphically wpre- 
writs the rke and fall of the tide, the nbsclssoe indicating tlme 
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und the ordinates the height of the tide. The essential parts of 
the machine consist of a clock that moves paper forward at n 
uniform spew3 und a float thiit is free to rise and fall with tlie 
tide, and is so connected with a tracing pencil that tlie latter 
moves peq~endicularly to the J ~ O ~ ~ O D  of thr p:ipcr mid propor- 
tional to the rise uiid Pull of the tide. Tlie combined motion of 
the paper and the pencil produces u tide curve, sonietinics culled 
n marigrain, from which the height of the tide for any desired 
time can be read by inems of i i  scale. Tlie automatic tide gauge 
now in use by this Survey is illustrated in figures 18 nud 19 nnd is 
described in  the fullowing parugruphs : 
422. Clocks.-There urc‘ two clocks, as illustruted in Bgure IS. 

The one on the right-hand side, No. 1 in the flgure, is the motor 
clock, and the other one, No. 2, is the time clock. The nlotor clock 
turns tlie main cylinder which regulates the motion of the paper. 
The cylinder, which Is 12 inches 111 circuniference, turns once in 
12 hours, moving the paper forward lit the rate of 1 inch per hour. 
The motor clock has two mainfqrlngs, both being connected with 
the driving apparatus, and hi case of one of these brealtfng by 
uccidcnt i t  11; sometlmes possible to operate the ~uuclii~it. with the 
remaining one until there Is an opportunity for repairs. The 
puipose of the tittic dock  is to mark the hours on the record. It is 
slmiltir to an ordinary striking clock; one spring runs tiir clock 
und the other operates a device that trips the recording pencil, 
mnbing n short horizontal iuark on the record each hour. 

423. Each of tlic cloc~ks will run  elglit dnys with one willding, 
but it is recommended that they be wound twice a week The 
clock3 mug be regulated and corrected as similar clocks in ordi- 
nriry use. The minute huutl of the t iuc  cloclr iuust not Iw trlriipcl 
hackward when it is between 10 minutes before and 5 miuutes 
ufter the hour mark ‘‘XII,” in order to pvoid injury to the hour- 
marking device. 

424. Rollers.-There are three rollers ; the 811pplu roller’ (fig. 19. 
No. 3). II round brass rod with flanges at each end, one of which 
is rcmovsble for putting in the paper; the itrain ol/Zin.dcr (figs. 

Poot in circumference, with 12 sharpened steel pins set a t  equal 
intervals nround the cylinder near each end, designed to prevent 
the paper from sl’pplng Over the sinoeth surface of the cylinder 
us it is revolved by %e motor clock ; and Uie recduitlg roller ( flg. 
38, No. B ) ,  a hollow tube of sheet bmss, with a small slit running 
its entire length, uric1 two fliinges, o w  of which is removable, so 
that the completed tide roll may bc rcmovd. 

. 

18 and 19, N O .  4) ; 0. hOllOW drum Jllade O f  bI*flSS tUbhlg nbollt 3 
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425. Connection between clock and gauge.-The nxle of the hour 
hand of the motor clock extends through the bock of the case nnd 
has u toothed or currier wheel upon it (fig. 10, No. 6). Tlic main 
cyllnder has n hinged carrier nrm attached to its axis, which can 
be thrown into or out of the teeth of the cnrrier wheel, thus muking 
or breaking the connection between the motor clock n n d  the gauge. 

426. Paper.-The papcr used on the machine is about 13 inches 
wlde and is furnished in rolls nbout SO feet long, which is sufficient 
for one month of record. This roll is plnced on the supply roller, 
fed over the niain cylinder, where i t  receives the tidnl record, aud 
is then niechnnicnlly \round upon the receiving roller. 

427. Tension weight.-l’liis is the sinnllcr of the two weights 
furnlshed wlth the innchine. I t  is nttnched to n cord (flg. 18, No. 
a), which is wound wound tlie letision wciglit prrllev (Ams. 18 
nnd 19, No. 13). This pulley is provided with n pawl and rntchet 
for winding up the tension weight from time to time. The nctioii 
of the tension weight winds the tide roll on the receiving roller, 
keeps the paper on this side of the machine taut, nnd also assists 
the motor clock in turnlng the muin cylinder. 

428. Tension spring (fig. 19, No. 21).-This spring presws 
ngninst the supply roll of paper and kcups the pnper on that slde 
of the machine taut. As the paper is prevented from sltpping 
over the mnin cylinder by n set of shai-peued pine (pnr. 424), tin 

excew of tension on either side of this cylinder Is likely to cause 
the pnper to tear, especinlly if it is dnmp. 

429. Float.-The flont furnished wltli the title gauge is ii coplwr 
cylinder, 81 inches in dinmeter, 3 inches high, nnd weighted so 
ne to float wlth nbout one-third of its height nbove the water 
snrface. I t  Is connected wlt l i  the flont pulley of the mnchine by 
phosphor-bronze wire, No. 23 American wlre gauge. When in use 
the float rlses and falls with the tIde 111 ti flont bos to whlcli the 
witer hns nccess through LL small opening. 

430. Float pulley (figs. 18 mid 19, No. 11).-A set of four inter- 
chnngcable pulleys with circumferences of 6 inches, 9 inches, 12 
inches, and 16 inches is provided with each machine in order to 
ndnpt it to different ninws of tide. Speciul pulleys of other EJ~ZPS 

are also sometimes used. These pulleys nre nhoiit 1 inch witle 
nnd hnve thrends cut in their faces to prevc’rit the float wire, one 
end of irhich is nttnched new the edge of the pulley, from windinK 
upon itself. There are from 18 to 24 turns of the thread on 
each pulley, For the removal or adjustment of the pulley there 

(See pnr. 441.) 
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(ire two clamp nuts (fig. 19, KO. 23), which are set by means of a 
speclnl wrench (flg. 19, No. 24). Thls pulley together wlth the 
counterpolse pulley is clnmped to the pencil screw (fig. 19, No. 8). 
xirid causes the latter to tun1 as the tide rises and falls. 
431. Counterpoise pulley (fig. 19, No. 10) .-This pulley, which 

is threatled lllce the flont pulley to which it is clumped, cturies u 
wire or cord to mhlch Is nttached a counterpoise welght. 

432. Counterpoise weight.-This is the larger of tlie two weights 
provlded with tlie tide guuge. Attached by a wire or cord to the 
counterpoise pulley i t  serves to take up a11 slncls in the flont wire, 
and rewlnds the latter 11s the tide rises. 

433. Sliding grooved pulley (!lg. 19, No. 12).-l'hls is free to 
d l t l ~  on a long uxle neiir the couiilerpolsr pulley. I t  Is designed 
to cnrry the counterpoise cord aany from the flont wire, nnd at 
the snme time keep the wire ns i t  wlnds or unwinds nlwuys oppo- 
site its proper tlireud on the counterpoise pultey. When the coun- 
terpolse cord Is carried dliwtly to a fixed pulley 111 the ceiling 
of the tide house, this slidiiig pulley is uniiccessery. 

434. Pencil screw (fig. 19, KO. 8).-ThIs Is iunde of phosphor 
bronze about five-elghths inch 111 dinmeter, and has u square 
thrend with a 1-inch pitch. Ipor stations liaving n large rtinge of 
tide, a pencil screw with a one-linlf inch pltcli Is frequently used. 
The tlirends a t  each end of the pencil screw fire tui-ned down to 
prevent the pencil arm f corn jnniinlng. 

435. Penoil arm (figs. 18 mid 10, KO. 9).-Thls nrm cnrries the 
recordliig pencil. In  its 1)earing is a nut t h u t  fits in the thread 
of the pencil screw so that ;is tlie latter is turned tlie nrin moves 
ulong the  screw, toward the clodis for $1 rlsing tide nnd In the 
reverse dlr~ction lor n.fulllng ti&>. If ii very hlgh 01' R very low 
tide moves the arm to either end of tlie pencil screw, the nut . 
I)ecomea disengaged from the screw thmnd and juiiiniing is pre- 
vented. Sprlngs are provided on each side of the pericil arm to 
forcv the illit bnck into the tlllwd of the screw wllt~11 tlie tide 
IJegins to reverse. 
436. Datum penoil holder (5s. 19, No. 15).-ThIs holds the pen- 

tail that  tracrs the datutu line. It may be clumped in tiny positlou 
on the daliinc pew% rod (fig. 18, No. 14), but it is deslrtible to have 
it clnmped nrnr the iiildtlie of th t~  rod. 

437. Soale.-The 11elgl:llt scale of th8 gfiuge depends up011 the 
circumference of the float pulley nnd the pitch of the pencll screw, 
l'hese should be chosen nccordinr to the Drobnble rnnge of tide at 

1 3027°-2---10 
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lhe station. The following table wlll iiitlicntc! t lw lw~per  pulleys 
rind pencil screw to bc used : 

Extremo range. 

__.  
Inchea. 

Loas tlian 0 feet.. ................................ l : o  0 
From 0 to  0 feet.. ................................ 1:0 0 
From Q t o  12 foot.. ............................... 1:12 12 
Frorn12tol0irot ................................ 1 : l G  10 
From 10 t o  18 feet.. .............................. 1:18 9 
From 18 to  2.4 foot. ............................... 1:24 12 
From %4 t o  32 foot.. .............................. 1:32 10 

Pendl 
screw 
pitch. 

438. A metal scale (fig. 19, No. 10) is nttached to  the gnuge by 
a clamping Gcrew nt each end. Both sides nnnd both edges arc 
grnduated, making four clffferent scules of 1 : 6, 1 : 9, 1: 12, and 

I I 

FIQ. 20. 

1: 16. Any of tlicse edges niuy be turned toward the innin cyl- 
inder. To refer n point on the tide curve to the  scule, there is 
11 brond, two-pronged fork (fig. 19, No. 17), which may be slid 
nlong the scnle. 

439. Hour-marking device.-The time clock is like rin ordinuiy 
xtrilring clock, but instend of striking a bell it moves a lever (flgs. 
10 uud 20, No. l S ) ,  connected with n trippirig rod (figs. 18 and 
20, No. 19), which is supported on rocker nrnis tibout 2 inches 
above the metnl scale. The pencil a rm I s  jointed and provldetl 
with a hook which pnsses under or over the tripping rod. On the 
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hour the striking mechunisln of the clock nioves the lever outside, 
which in turn rocks the tripping rod. The latter engages the 
pencil hook and pulls the pencil arm, causing the pencil to make 
a short stroke parallel to the edges of the paper. The penci1, 
which is tracing the tide curve, is returned to position by 
spring. 
440. Installation of an automatio tide gauge.-When an auto- 

matic tide gauge is to be established at a station, a 5xed or port- 
able tide stnff should be set up 5rst in order that a rough esti- 
mate of the inean rnnge of the tide and of tlie reading for mean 
sea level may be obtained from n few observations. The hall 
sum of mean 1Jgh and niean low mater for any four consecutive 
tides a a y  be taken as mean tide level for the purpose of setting 
the automatic gauge. (See also par. 408.) 

441. Bloat box.-This should be located where the water is not 
less than several feet deep at the time of the lowest tides. Tbct 
box should be about 1 foot squnre on the inside, or 1 foot in dinin- 
eter if cylindrical in shape, rind long enough to rench several feet 
below the 1owN tides. It must be set and maintained in a ver- 
tical positlon to prevent the float from scraping against the sldes 
LIY the tide rises and falls, and should be well braced. A siugle 
opening from three-fourths to 1 inch near the bottom of the Bos 
has been found to be most satisfactory. This opening Ahould be 
below the lowest tides and should be so located that It can readily 
I ) @  cleared out If it becomes clogged. An opening in the bottom 
rather thiin in the side of the box has the advnutage of being 
ensily cleared by means of a stiff wire or slender gas pipe lowei*ed 
down fiito the inside OP the box. This cnublcs tlie tide observer 
to do in a few minutes that which would often require the service8 
of an estin MUII and a boat when the opelling is in the side 5f the 
box. When necessary to remove the float, nttnch n smull clump to 
the wire just beneath the table to prevent uuwlniling on the drum. 

442. For n station tliut is to be occupiwl for only a short time n 
plain srluare wooden box made of boards or plnnk from 1 to 2 
inches thick is suficient. For statlons thnt are to be occupied 
for several years a cyllndrlcul cast-iron pipe, 1 foot inside diain- 
eter, Is frequently used. To the bottom of such n pipe, if sup- 
ported several feet above tile ground, is attached an inverted 
conical-shaped casting with a tJireefourtli-inch opening in tlie 
apex. The chief disadvantage that has been experienced with 
this Idad of pipe is the formation of rust scnles, which clog tlie 
opening in the bottom nnd lire often difficult to remove. Prob- 
ably the most satisfactory forin of flont box thnt 18 used by tliv 
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Survey at stations where tlie observations are contlnued for many 
Years is a copper tube, 1 foot in  diameter, protected by an outer 
wooden casing. Such a tube should be not less tlian one-sixteenth 
inch thick, as a thinner tube is not only too frail to handle but 
would also require more frequent renewals. A tube one-sixteenth 
inch thick, if not located too near other metal in the water, caus- 
ing electrolysis, might reasonably be expected to last for 15 years 
without renewal. For a longer series of observations a heavier 
tube would be more economical in the end. An inverted conical- 
shaped copper bottom with a three-fourth-inch hole in the apex 
should be soldered to tlie tube. If this bottom, instead of being a 
true coiie, were made u little one-sided so that the apex mnie 
near the side of the tube, it would permit the hole to be cleaned 
by a slender rod lowered into the tube without removing the float. 

445. To prevent freezing.-To prevent the formation of ice in 
the float box during cold weather and the consequent stoppage 
of the gauge, petroleum or kerosene has been frequently employed. 
A column of oil in the float tube of 2 or 3 feet in height would 
suffice for ordiiiary latitudes, and one of 4 or 5 feet in helght, it is 
believed, would suffice for stations in Alaska. For a 12-1nch tube 
it will requlre about 6 gallons of oil for every foot in height. If 
possible the gnuge should be located where the depth at very low 
tides would be about 2 feet more than the length of the column 
of oil required. The amount of petroleum that a n  be used is 
limited by the depth of the small opening in the pipe below the 
lowest tides, for when u greater amount is used there will be n 
loss through the opening at extreme low tides. A s  the spedflc 
grnvlty of kerosene is less than that of water, the snrfuco of the 
oil inside the tube will be higher than the water surfnce outside. 
Tliis fieight will be equal to about one-eighth of the whole column 
of oil. .If a gauge hns been working with ordinary sen water 
only, the introduction of petroleum in the float tube changes the 
line of flotation of the float and also the relation of tlie curve 
to the datum line. But this will not cause any inaccuracy of rec- 
ord if the observer furnishes readings of the stnff, to which thcs 
curve can be referred. In locations where there is nn exteiisive 
land drainage, such as near the mouth of a large river, the 
difference between spedflc gravity of tlie water at the m d  of 
the flood and at the end of the ebb may be sufficient to cause a 
sensible periodic oscillation in the height of the surface of the 
petroleum with reference to that of the sea outside the tube, 
thus introducing n periodlc variation which is not tidal and which 
it would be cllfllcult to gct rid of. Therefore petroleum cun not 
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be employed where there 1s niiich chiiilge in the speciflc gravlty 
of the wuter. 
444. The tide house (fig. 21).-A rough house is usually con- 

structed to protect the gauge from tlie weather ~11d from being 
interfered with. This structure niay be 

FIG. 21. 

uboat 0 by 0 feet n t  
the b w e  und 7 feet 
high tit the etivcv, 
wlth ti door nnd win- 
LIo\vs. It should br 
well bolted dowii to 
the whar€. Soiiietinies 
it inuy be coiiveuienl 
t o  hnve the flont box 
outside tlie house, es- 
pecially , i t  periiiuiieiil 
stntions, ns it permits 
of easy renewrils of 
tlie box without huv- 
iiig to reniove the roof 
from the Iionse; in 
this case i i  sloping 
(*over must be pro- 
vlded for the box, 
whlcli inny br  Iiinged 
rind pndlockcil to per- 
lllft of c1wy llCCCSS to 
the float, while pro- 
tecting it fro111 b ( 4 l i ~  
interfered with. A 
flont.tnbc. o]M?lltng in- 
side of the tide hoilsv 
SIIoUld nlso he pro1.idcd 
wtth II CO\’CI‘ to prevent 
~ i y t b i n g  froiii being 

Such n cover uiuy be 
insde of two picyes 

clropped tlowll the tube. 

with (L narrow slit in the center for thc flont wire. For the sup- 
port of the tide finuge, n strong tnble iw shelf nboat 23 feet high 
should be Iwovfded. If reasonnblg pr0teCted froni molestntlon, nii 

riutoiiintic tide gnuge mug be openited for 11 limited time without 
n howe, hut protected by n bo+ with a hinged lid wlth padlock 
and n cnnvni cover. 
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446. Setting up gauge.--\Vhen the top of tlie flout box opeus 
inside of the tide house, the gauge is usually set upon the table 
or  shelf so that  tlie flo:it pulley is directly over the float box. 
Otherwise a series of pulleys must be provided to  leiitl the float 
wire to the float box. The gauge 1s to be adjusted so thut at ap- 
proxlnintely mean tide level tlic pencil nrni wlll be near the 
middle of the innin cylinder, tlic florit pulley and counteri)oise 
pulley each about half fllled with wire or cord. and the counter- 
Imise weight nrrangecl so that  I t  can move freely between tile 
limits of extreme high and extreme low water. The dntum-line 
pencil is to be set near the mitldle of tlie mnin cylinder in order 
to reduce to  u minimum the error resulting from Iiygromelric 
changes in the tidr-roll paper. These adjustnirnts fire referred 
to in the following purngaDhs. 

446. Attaohing counterpoise weight.--One or more fixed pulleys 
nre placed overhead in such posltlons as to carry the connteipoisc 
ti, one side of tlie house, o r  otherwise out of the  way (fig. 21). 
The counterpoise, which is the larger one of tlie two weights pro- 
vitled with tlie gauge, 1s nttaclied to a movable pulley and placed 
upon a block of wood or  other substance to rtiise i t  a n  inch or two 
above tlic floor. Puss the end of the vurnislied fish line, funiished 
for the purpose ( the bronze float wire may be used if desired), 
f lirough the small drill hole near tlie inner edge of the counterpoisr 
ilulley itnd tie n knot at the end. Tlie other end of tlie line is then 
Iirissed over the flyed pulley overliead, down through the movable 
pulley on the welglit and up again to  the eelling where the end 1s 
fristenctl. After removing the block from under tlie weight it 
sliould hung jiist n little iibove the floor. Tlie line wlll be wound 
upon the coiuiterpoise pulley by tlie descent of the flout to the 
\vi1 ter. 

The length of 
wire requlred for  the float, in feet, may be obtained by tlie formulii : 

L=BC+D 

447. Attaohing float.-To put on the float wire. 

where L=number of feet of wire required for  float. 
B=one-half the number of threads on float pulley. 
O=circumference of float pulley used, expressed In feet. 
D=dtstance from flout pulley to mean sen level in feet, inax-  

ured by the route the  wire must take to the  float. 
448. Unclnmp the float pulley by tlcnting the nut8 a very little, 

ae too much slack will cause it to jam. Undo the  end of the wire 
on the spool, holding n finger on the coils to  prevent its spring- 
ing off the spool, pass the wire through the small drill hole nenr 
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t h e  outer edge of the flont pulley, twisting it a few times around 
itself to mnke it fnst. Now revolve tlie float pulley, holding thc 
spool of wire with tlie other linnd and keeping sufficient tension to 
wind the wire sniootlily in the threads cut in  the pulley. The 
number of feet of wvlre wliicli may be wound upon the float pulley 
is ZBU, and If this i x  less tlinn 1, wind the pulley entirely full, 
clamp it tightly to the counterpoise pulley, nnd measuring off 
fJ-2BC feet of nddltlonnl wire, cut i t  off and fasten tlie elid to tlie 
flont. Some one must keep f~nnslon on the wire or hold a Snger 
on the flont pulley while this is being done, or tlie wire will spring 
off the pulley. If! Z Is less than 2BC, find -, which 1s the 
number of tlirends of the float pulley to be left unwound when tlie 
wire is cut nncl attaclied to the float. Place the float in the float 
box, letting It down gently until nll the slack wire Is used, and then 
hold the float pulley with Prictfon enough to prevent any 1iast.v 
descent of the flout to tlie water. At  tlie beainiiing of unwinding 
tlie wire from tlic llorit pulley by tlie descent of the float, lakc. 
care thnt the counterpoise l h e  enters the threntl of its pulley, after 
which it mill tiike care of itself. After tlie flocit is nttciclied the 
i>ositlon of the gauge shou!d be adjusted so that tlic flout hanp 
in the center of the flout tube, nud this positlon iiiade secure by 
fnsteniug the gnuge to tlie tuble UWI the Intter to the floor. 

446. Adlustment of penoil arm.--'nie pciicil nrm sliou~d now be 
adjusted so ns  to bring the pcncil cibout tlie middle of the paper at 
mean tide level. It is not neccssliry to wait untll the tide is actu- 
nlly ut its meun level, for ki~owiiig the differmce between thnt 
level and the nctizal stage of tide tlw pendl may be act nccordinglg 
by tlie metal scnle provided with the gauge. If tlie nrm is very fnr 
out of position, n flrst upproslinnte adjustment should be made by 
ivnnlng the arm to the end of the peiici! screw nearest the ClOCkS, 
thus disengngiiup i t  from tlie screw tlirend. This is done by turn- 
ing the flont pulley, 80 that the flont will rise uiicl the counterpoise 
weight fnll. The pencil arm t3liould be held n C  this end nnd tlie 
fiont pulley turned either buckwrirrl or folivnrd until it lacks tliree 
tiinis of being fllled with the flmt wlrr. TIM? pencll nrm should 
be then released and the float permitted to descend until it rests 
upon the wntw. This sliould bring tlie pencil arm within 1 Inch 
of its proper posltion. To bring it closer to the positloll desired, 
press on the c~unterpolse pulley wlth one flnger, to prevent the 
welght Prom turning it, 11 finger of the mine hand resting upon 
the last coil of wire on the flont pulley to prevent the wlre from 
eprlnging out of the grooves; then wfth the other Iinnd slightly 

2BC-1, 
U 
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unclamp the two set screws within the float pulley. Kest  revolve 
the countei-poise pulley until the  pencil is in the desired plnce, 
when the float pulley is  flrmly reclamped. 

450. Attaching tension weight.-This weight is  attached by a 
cord to the pulley at one end of the recelvlng roller. This pulley 
has  a small hole in one flange, through which the  end of the cord 
may be passed and knotted. As with t h e  counterpoise cord, i t  
is desirable that  this cord also be led over a pulley in  the criling 
of the tide house in order to  proride ns inucli space as posslble for 
the falling of the weight. By suspending the  weight by means of 
a movable pulley i ts  motion Is diniinished one-half. 

451. Starting the gauge.-The roll of paper provided for the 
record sliould be plnced on the gnuge, as described in parngrnpli 
454, the  tension weight wound up, aud both clocks wont~d niicl set 
to the correct time. The datum-line pencil should be placed 
in the holder and the latter clamped nenr the middle of tlie innin 
cylinder. The  recordlng pencil should be adjusted in i ts  holder. 
The tide observer who is to have charge of the stntton should be 
@veri the necessary inatructions for the cure and operation of the 
gnuge. 

462. Report on establishment of tide station.-Whoi an nuto- 
inatic tide-gauge stntion is estnbllshed; n sepnrate report descrlb- 
ing the Saiiie slioultl be sent to the ofRce. Such a report shonld 
include the following infornintion : 

( a )  Name of towa or place, with ~rititilde niiil longitude. 
( b )  Nilme and location of wlirirf. A sketch showing location is 

( 0 )  Name of owner of wharf nnd a ~ t n l e n ~ e n t  of nrrniigenieuts 

(d)  Give position of tlde stnff and autornntlc griuge on wharf. 
(e) Describe tide staff, giving dimemslons, limits of gradua- 

tions, und a statement wlietlier I t  l.. portahle or Axed. 
( f )  If a portnbl? tlde stuff is used, Htnte how i t  is supported 

and give the reading of the tide staff that  corresponds 
to the  fixed point of support. 

desi in ble. 

mndr with him. 

(8 )  Give nuniber and scale of the automatic gauge. 
(h) Descrlbe the float box, glving diniensioiis, method of se- 

curing i t  In position, eruct  positiou and slze of opening 
in the  bottom and the depth of the \niter below this 
opening. Give also the depth of this opening below the 
zero of the tlde staff. A knowledge of tlie exact position 
of this opening is especially Iniportant when the float box 
becomes clogged find i t  Is necessary to clear it. 
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( i )  State what precuution was taken to prevent freeziiig in the 
float box. If kerosene is used, glre the quantity. 

( I )  Give a brlef statenient relntire to tlie recovery of old bench 
inarks and the estnblisliuieiit of iiew ones. Complete de- 
scriptions of the bencli uiarlts are to be given sepnratcly 
I n  counection with the leveling record. 

(k) Give the date when the installatlon of the gauge wns coiu- 
plated and tlie record started. 

( 1 )  Give the nauie and occupation of the tide observer left in 
charge of the station. 

(?,e) Give auy other InforinatIon about the tide station thnl 
may be importaut. 

453. Operation of automatic tide gauge.-'l?lie observer in clinrge 
of a station shall visit the gauge a t  least once each day for inspec- 
tion aud cornpurlson. Every effort must be made to secure a con- 
tinuous record by lceepiiig the gauge i n  runnhig order. When 0111 
of order and necessary repairs u t  periuauent stations are 110s- 
slble, they must be made nt Once wid the bill scut to tlie offlce for 
payment or pnld for by the observer and an account rendered. 
Details in such cnses must be reported to the omce without delay. 
When n self-registerlng gauge is rnniiitnined in connection wlth 
hrdrographic operations in  the field, n continuous record sliull be 
secured by making staft' readings every hour whenever the gauge 
is out of coniiiiission, niid the conditions must be reported Imme- 
diately to the chief of party. 

Each dny the gtiiige is vislted the tide stnff sliould be rend nnd 
rin entry made on Uie tlde roll. A statement concellling the cor- 
rectness of the time clock sllou~d also be entered, and If this clock 
is in error i t  sliould be sc't correct. (See par. 461.) The condltlon 
of the mind ruid any otlier nilittor tliiit u1ny nffect the record 
should be noted rilso. All notes sliould be, iiiltlaled by tlie observer. 
The tenslon wriglit should be \vouiitl up eiicli dag the gnugc! is 
dslted. The clocks lire to bc wound twice LI week. The tlde roll 
should be clitiilged once u montli. If the obsc*rrtrtlons arc to be 
contfnued for 11 yc:ir or illore, thc cliringr in rolls should take 
place on the first or secoud dny of each calendnr month, esceptlug 
the February roll for coinnion years, wlilch should be removed on 
March 2 or 3. These duties iire described I n  (letnil in the folloming 
paragraphs. 

454. Placing paper on gange.-Tlie snpply roller, \~liich Is the 
one with the solid rod, is removed froin the gauge and the roll of 
paper placed on It ,  which n i a ~  be readily done by removing one 
of the flanges and replacing it agaiii after the rod has 'been 
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passed through the central hole in tlie roll oi puper. The roller IS 
then placed in the gauge, turning i t  in such a wag that the loose 
end of the paper may pass from below inward toward the inain 
cylinder. I t  innkes no difference wliich end of tlie roller has the 
inovuble flange. The main cylinder is then disconuected froin the 
motor cloclr by throwing out the currier lever from the  tootlied 
carrier wheel, using a slender stick or lead pencil to reach it, i f  
ionecessari. Pars llie paper ovei’ tlie iiiriin cylinder and insert the 
( ~ 1  about three-fourths inch into the slit in tlie receiving roller. 
Several turns of tlie paper should then be wound around this 
roller, the paper pussiiig from the main cylinder over the top of 
the receiving roller. The muiu cylinder must be again connected 
with the niotor clock, tlie tension weight wound up, and the pencils 
;tdjnsled. Before plncing pctper on the gnuge, i t  should have 
written on the inside, a t  tlie beginning of the record, the name of 
station, date, scale of gauge, klnd of time used, naiiie of observer, 
rind, in  hydrographic work, the chief of party. 

466. Removing paper from gauge-Place the tenslon weight on 
.the gauge table or sone other support, unwrnpping by hand from 
the pulley us rnnch cord tis may be necessary. Disconnect th(1 
niain cylinder from t,he motor clock. Wind up the r(!niaining 
pnper on tlie receiving roller, and tnke it from the gauge. Re- 
move one of the flanges, revolve the other flange 80 118 to force :I 
little more paper into the central groove, when the paper can bf- 
rcnioved from the roller. One roll of priper is rsuficient for i t  

month of record. 
466. After the roll has been removed it should be rewound ou tt 

wooden core to bring the record on tlie inside nnd to pivvctiit injury 
in transit to the omce. 

467. Label.-The label, Forin 489, should tlieii be pasted on the. 
clutnide of tlic? roll. First, fold n few inches of the beginning of t h ~  
pnper down on tlie side containing the record, thus making n 
squure, smooth edge of double thickness. Then, on the side of the 
paper wliich lius no record, paste the label parallel to this e d ~ e  
and about 2 inches from It, tlie bottom of the luib(!l being toward 
the edge. Never paste the label as u seal to keep the roll froioni 
unwinding, as I t  must not be broken to open the record. The 
label should be fllled out 11s comilietely 11s posxlhle. The firs1 
Innrigrnm or tide roll of the series should be numbered 1 nnd th(1 
others numbered consecutively throughout the series. The gauge 
Iiiiinber will geiiernll,v be found on the face of the clock upon th(3 
tide gnuge. On this label the beginning and ending of the record 
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refers to the particular tide roll mid not to the entire series of 
observatfons nt the station, as on Form 138. 

468. Beading tide etafP.-Evc’rg tiiiie the gauge 1s visited the 
tide stnff should be read to the nenrerit 0.05 foot, and recorded on 
the marigram. If the water Is too rough to obtain directly H 
reliable mean reading, recortl bot11 tlw higlwwt and lowest oscllla- 

tlons of the waves. The tabulator will take the xuenn of these 
two readings for comgnrison of stttff and scale on Form 488. The 
exact posltlon of the recording pendl of the gnuge at the time each 
staff reading is made must be indicated by an arrowhead with n 
line connecting it wlth lhe note of the’staff reading. The manner 
of connecting the note nnd tide curve fs &own I n  %@re 22. 
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The note may be placed either above or  below the curve, but i t  
must be connected by a line with the exact position of tlie recorrl- 
ing pencil at  tlie time the comparlsons nre niude. 

At  tlie time tlie nbove note wns iiiade the  recording pencil yis 
at the point in the curve indicated by the tirrowliend, rind only that 
pni t  of the curve to the left of this point was completed. The por- 
tiGn of the curve to  tlie riglit of tlie arrowhend wns made nfter tlic 
note find been entered. 

459. Time comparison and o1ocks.-The observer should linve 
some nieaiis of obtaining correct stnndnrd time. There lire two 
cloc1;s on tlie antolmtic gauge now in general use ; one, designated 
the motor clock, which merely controls tlie inoreuieiit of the mnin 
cylinder nnd pnlwr; the  other, \vliicli is ou tlie left limd whet 
fuciiig the  clocks, is clesignnted the time clock, nnd makes tlic 
libur iuurlis on the curve. Tlie time indicnted by tlic motor clock 
is of no coi~sequence; it Is suficlent if tliis clock inores with 8p- 
proximately uniform speed. The time indicated by the t h e  clock 
~ i n d  also tlir correct time and (late should be recorded on the  
innrigrain near the stnff reading, 011 each visit to the gauge. 

460. A raL1ltc1r stump of the  proper fori11 for these notes is fur- 
11is1ic.d to  eucli regular observer. Af t e r  this note lius been mad(: 
011 the mprigrnm, tlie time clock, if wrong, sliould be corrected. 
The f i i t  of tilis-correction is indi'cntal in tlie note oli m m x r i -  
gram by the word " corrected." I f  no correctlou is necessn1.g. t h e  
word correct " iuny bts used iiislentl. FIgure 22 s h o w  tlie proper 
form for these notes. 

461. The cloclts on tlie gauge lnny be corwctcul as ordinary 
docks, by turning the hnids  forward or bnclrward ; but the hnnds 
of tlie time clock must not be tiirned bnclrivard wlieii the minute 
liniid is between 10 pinutes  before tlie Iiour and 5 iiiiuutes after 
the hour, ns it  would probably injure the hour-marking device. T h e  
1-eylating device is siniilnr to that  on ordinary clocks. Both 
clocks should be wound regularly twice a week, cure being taken 
not to  wind thein too tightly. 
482. Tension weight.-This weight, which winds the  paper on 

llie receiving roll, should be wound up every day that t h e  gnugc 
is vieited. It is coniieeted with the receiving roll by pawl and 
mtchet, niid whilc winding it up with one hand the receiving roll 
niust be held steady with the other Iinnd. 

463. Penoile.-Tliese should I)e examined frequently. T h e  datum 
pencil points furnished for the  gauge are usually too long nntl 
should be broken t o  the proper length. The polnt should be care 
fully adjusted so ns to  make II dlstlnct line and still not t e a r  
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the paper under unfavorable coaditfons. It should project about 
one-sixth inch from the holder, and thls adjustment cnn be kept 
by screwlng down tlie cap II little from time to tline as nlny be 
necessary. When the holder is lifted to remove or pot in  paper, 
care must be taken not to love the letid from the brass holder. For 
the recording pencil t h u t  makes the tide curve, a good quality of 
No. 2 pencil is b a t .  This should be kept carefully SharpenPcl 
and tidjusted 111 its holder. Upon this adjustment depeiidx the 
&Mency of the hour-making devlcc. It should be such that tho 
hook attached to the pencil holder will just clear the trlppinl: 
rod. 

464. Lost record.-If any portlon of the ~ecord IY losl from nux 
cmse, move the pnper forwnrd n few inches before starting the 
gnuge again. To do this tliv niain cylinder niust be disconnected 
€Tom the motor clock in the mnuiier described in pnragraph 454, 
but the cylinder must be held slextly with one haad when dis- 
connected, as otherwise the paper would be jerked forward by the 
tension weight. This uiny.be done by placiiig the hnnd on thc 
pinper over the niiiin cylinder. 

4G6, Changes ln adjustrnent.-After tin aiilomatfc tide gauge has 
been properly set lip, chnnges in tlie ndjustuient of the float pulley 
or in the position of the datum llne should be avoided unlws 
actually neccssury ; mid when any change is made, n note of tho 
ftict and the rem011 for the change should be Iminedintely entered 
on the mnrlgrnm. 

466. Cleaning the penail sorew.-The pencil screw must be 
clenued from tiuie to time, otherwlsc the pencll arm may be raised 
from the paper 011 ti fttllhg tide, or pressed so Armly.agninst the 
iuaiii cylinder on ti rising tide us to tenr the 1)aper, either accident 
causing a loss of record. A smnll rag moistened wilh gasoline 
passed mound the pencil screw niid drnwvn buck nnd forth sereral 
times will keep it cleuu. Never put oll on the pencll screw, a8 it 
soon catches dirt nnd makm it worse than it ivns before. 

467. Operating troubles.-Some of tlie dlfliculties likely to be 
nict in the operntion of an autoniatic gnuge nre: 

Failure to keep tlie Aoat box in n vertlcnl position, cuusiiig tlic 
Aont to scrnpe on side of pipe. 

Breaking the float wirc, wlilcli is nearly always due to sharp 
bends or ltinks in tlic mire when it 18.slaclc; R iicw wire should 
be put in, rather thnn to splicc the old one. 

Vibrntlou of pencil on record ; this 1s clue to too large opening8 
in the tide box and If serlous may require rcpulr of bos. 
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Ih i lure  01' giiuge io record full raiige of tide, tis shown by corn- 
garison with strifl readings; this is due to clogging of openings 
In float box, urd is likely to render the record worthless, und calls 
for immediate exnmliiation of box and clearing of openings. 

Jamming of piper rolls, tluc to pager not ruiining t rue ;  rolls 
should be eraluiiied to stw t h i t  they are In their right position, 
and paper rewound if necessjsury. Often t h c t  paper can be sllppal 
away from the flange by Iituitl. 

Failure of hour-iuirlring device. This  is usunlly due to lack of 
proper adjustment of tile rcu'ordiug pencil, causing too iuucli spnce 
between the tripping rod ant1 the hook nttwhed lo the pcucll 
holder, or causing the hook to be juniiued too tiglit iigailist tlie 
rod. The adjustment slioulcl be such that  the hook just  clcars 
the rod. If tlie trouble i s  due to the time clock itself i t  luiiy be 
necessary to remove the clock and have it repuirc!l by u clock 
maker. 

468. Tabulation of tide rccords.-Iii order to estd~lisli unifai-tnity 
iu tlic? records to be filed in  the ollicc, the tnbulutioiis should be 
iieiitIy iiinde in black ink and in ticc'ordance with the forms as 
outlined ill thc following pnragiuplis. For iiiterpo1:itvd values to 
fill in g;ips caused by lost record, red ink is generally used. Iu 
1111 forJilS in  whicli both s ldts  arc to be Used ulld in  whicli tlivre is 
i i  difference in tlie wldtii of tlic left-liuiid iiiargiii on the two Bides, 
tlie side litiring tlie wider left-liniid Inargin sliould be taken 0s 

t l i ~  front or first ~ J U ~ C !  of the sli~-c!t : i~ id  bc used ill bcgiiinlng thc 
tubulrctioiis oii t1i:it sheet. In :ill the forms tlic lientlilig on tlie froiit 
side of each sheet should I)(! lilletl out HS coiiiplctely as lwsslble. On 
the bwlr of .the sheet the iiaiiie of the stntion arid tlie year and 
month of tlic obscrvritlon should be repeated. Tile words " Ptirty 
of '' or I' Chic[ of parts " niny be taken tis equivalciit to '' Ob- 
server " when the Intter 1iu1.l diurge of the tide slxlion. On tlie 
label of a tide roll, the dates of tlic beginning iind ciitl of observu- 
tions refer to  the pnrlicular tide roll only, but in 1.1ie Iictndings of 
the forms for tlic tnhulation of these rolls these clritcu; refer t o  tho 
entire serics of the o1)servations nt tlie station. If tlie obserra- 
tlons are still being continued n t  the time the tabulations are 
made, tllc spncc nftcr " Obscrrutloiis end " should be left blank. 
In the tnbulatlons, the liours of f i e  day are to be d(!slgiia ted con- 
secutivc~y from 0'' (niitlniglit) to 23" (11 :OO I). ~ i i . ) ,  tliiis avoldliig 
the telmis 11. In. and p. m. Before trtbulnting a iriarigriim or tide 
roll the following preliminary work is usually necessary : 

46s. Marking the hours.-l'lie l~liic iiotes shoultl be esmnlned 
and if i t  is found that the time cloclc never varies more than 
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three minutes fr@m the correct time, tho sinal1 horizontxl hour 
inarks nutomatlcnlly made by this clock may be accepted as cor- 
rect nud iuurked ttccordiugly. The hour itself be@ns at the in- 
stnnt the  iuurk leaves the curve, and 110 account need be tnkeii 
of the length of the stroke. ‘IIicse ~iiurks sliould be numbered 
ronsecutively from 0 (midnight) to 23 (11:OO 1). in.), and the 
iiumbering sliould be  checked at each time note on the marigrani. 

470. In cases where the hour-murking tlevice h u s  failed to work. 
t w  when tlic hour nlurlis arc uiireliable ou ticcount of the time 
clock being more tll8.n three rnlnutes in error, the following 
inethod may be used: Firs t :  From the time notes ascertain the 
position on the curve of the nenrest exnct hour. This may usually 
be best uccoinpllshed by luyiug o b  1 inch on a plece of puper nnd 
subdividing it In 12 equnl parts. The inch, ineasured pnrnllel to 
the dntum Ilne, will represent one hour on the tide curve, uud encli 
of the subdivisions will represent five minutes. This is known as 
a time scale. Tlie correct time of the point on the curve indl- 
cnted by the time note being knowm, the nearest exnct hour uiny 
be rendily Init1 off by this little scnle. Second : I h u w  Ilnes through 
tlie points indlculing the exnct hours perpcmdiculnr to the datum 
llnc nnd crteitdliig ncross the pnyer. Third: Prepare u strip of 
paper somewhat longer tliun tlie greutest distance between thc 
time notes on tlie murigriini, pasting successlve pieces together 
If one is not long enough. On one edge luy ofl‘ equiil divlsions u 
llttle greater t l im 1 inch long, atid i f  inade nbout 13% fiiclies long 
they wlll genernllg br  nbout riglit. Tllrse division9 should be 
numbered consecutively from 6” to ‘B”, and then from @ to %I8, 

repeated tis often as may be necessriYy, the Itist cllvislon eliding 
with any hour. In  general i t  will be conseiiient to s tur t  the iiuiii- 
tiering with 6” ut the left-liund end of tlw SCI\~C,  t is thc iiuie iiotes 
will seldom be inade at an curlier hour in the nioriiliif. T l i h  
strip is known as a ClividW scale. This scale is thcii adjusted 
obliquely between two consecutive cross lilies pnssing through tlir 
correct hour points, so that  the numbers on the scalc will agree 
with the hours represented by the cross lines. With the scale 
in this posltion, held fast frotu sIfpping By paper weights, eciclr 
division may be marked on the marIgrani or tlde roll by u dot. 
Fourth : By menns of n squui‘e and n strniglitetlge placed uear the 
bottom of the paper and parallel to the dutuni line, these hour 
dols mny be rendlly referred to the tide curvc and liidicutecl by 
vertlcnl lines ci*ossliig the C ‘ U ~ P P .  Tliesc hour lines should I)u num- 
bered ill the sinic iiinniier :\\ the hour i ~ i i i ~ h  th:tt HIP inude tillto- 
innti(xlly by tlie muchlne. 



471. Comparative readings (Form 435, fig. 23).-Thh foriii is 
uwd to obtain the relation between the sc'ale of a n  autoiuutic tide- 
gauge record and the &xed tide stnff. It is fuiitlcimerital und of the 
greutest lmporttince, for upon it chiefly depends tlie uccurncy of 
the refereuce of all tide planes to fixed bench iiiurks, so t1i:it they 
may bc recovered nt any future time. The work mmt be 
thoroughly checked by the observer so as to reiiiove all wci- 
dental cri+ors, for any mistnke made liere will ~ E e c t  1111 ttibu1:~- 
tious for the month. 

472. The scale reading of t h e  datum line for the comparison muy 
be taken a t  any arbitrary number, but  for convenience and to 
iLVoi(1 negative d1fYerencw i t  k desirable to have i t  aucli tlirit thv 
sctile rending8 of the curve will bc from 4 to  14 feet less tlm tlio 
corresponding staff read1nL.s. The readlng scriles 11 re usuiilly 
made of gluss o r  cellulold and are graduated to rcpreseiit feel 
and tenths. The foot divisions may be iiuiubcred with ink us 
desired. To clioose nn origlnnl scale setting for the  tintum line, 
place the scale with one of the foot divislons 011 the clcituni line 
ut ii point where I L  stuff comparison is noted, and then number 
the foot divisions of the scale SO that  the point on the curve wlll 
read by the scale about a foot less than tlie stall? readlng. 11 
would be well to test this snme setting with several notes. Tiic: 
number of the foot division or1 tho dutuni line will be  adopted us 
thc original scale settlng and entered in tlie heading of the 1'010nil. 

In using a glass or celluloid scule the side on wliicli the dIvlsion 
lilies are cut  sliould be keiJt down next to the ptiper. The 1111111- 

bering'of the  dlvlslons should be written with indiu ink on tlie 
upper surface. On the iuiderside of sctile draw an India-ink llne 
across the scule through the foot division tliut is to be usc~i us 
the datum llne. 

473. Prepare table of comparative staff and scale reudinga on 
Form 455 as in the accompanying sample. Stuff aiid scnlo reud- 
ings should both be d v e n  to  two decimuls of 21 foot, but it will 
be sufacient to give iiierely the  nearcvt 0.05 foot. The sclile reud- 
ing Is subtracted from the staff reading for  Llre difference. If' 
the scale reading is larger thnn the staff rending, the diffelvuco 
will be negative. 

474. If the fiilugct IIUS YIIH without :iny accitleiit, the differences 
"A-B " for  the mnrigram ought to be approsiinutely equal ; but 
if there hus becri any clicinge iii the  innchine, such as nioving tlw 
datum pencil, brelikwe of h i i t  wire, or lncrcuae of kerosene iri 
flout tube, etc., the difiei'eiicex will forni distinct groups, ouc set 
of differcriws t'or eric'li udjust i i i(?tit  oP the gauge. 
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476. In  cnse there lins b ~ w i  no clitmge of adjustment (luring the 
month, examine the differences ciirefully to see that  tlicy iigrw 
fnirlr well with one nnotlier. Small viiriutions in the tliffeirnces 
are to  be expected, but i f  any oue of them varies by h l f  II foot 
(0.50) or niore from t l i o  app:irent nvcrage, revise the differencc 
and also the  scale rending. Il' hoth a re  found to be correct, uii 
error must have been made in t h e  s t n d  rending, nnd as this caii 
not then be corrected, tlic diflereuce must be rejected, which is 
done by making a pei~cll line around it, and that  difference is 
then omittetl from the computntloii of the mean dlfferenc*e. 

476. In cnw there hns been one or inor(? cli:mges in the adjust- 
ment of thc gauge dnring the month, mnslder encli set of dif- 
ferences by itself, and p r o w l  ns in the preceding paragraph, 
omlttiiig riccidentul cliscrc.pnncies. 

477. Sum all those tlllYerencen which iire appimimntcly siinllur 
and obtnin their inenn by dividing tlie sum hg t h e  I iurnl)w of 
tlifferences used, carrying the quotient to two decimal places. In  
(:we a chnnge was mnde in  tlie adjustment of the gauge there 
mny be two or more selinrnte inenns requirwl'for the inontli. 111 

cftliei- c:ise, the i i i c w i  tlllTcrence plus the scnlc rc:irling of the 
datum line for this comparison is the true setting of the scnle on 
the t1:ituiii li~ie for lxbulating high nnd low writers nnd Iionrly 
readings for tile perlod covered by the unlforni tlifferences. Erase 
the temporary inark on the scale which was used for Form 455, 
rlritl mark tlie true scale setting with lndiu ink on the lower sidc 

;if the scnlc, i f  ti-ciiir;pnrelit; or on i ts  lipper sltle, if op&que. Re- 
fore using this  mark it should be tested by seelng thnt when this 
miirk is set on the dntnm line the scnle rending of the curve mill 
be riecirly the  smile l is any staff reading. 

478. Tabulation of high and low waters (h'or~i~ 138, Jigs. 24 :ind 
&5).--This form is used ftlr the tubulntion of high and low waters, 
which may be either relid from the tide curve mnde by an auto- 
iiintic gnuge or taken from plnin st:iff rendings ns recorded i i i  

n title book. The tlines iire io be expressed 111 hours nnrl tentlw 
iiistwd of Iiours :mtl minutes. This Is the general practice i i i  

the office work, cuid hris been found to Rave consldernble t h e  
in the  computntion of thc lunitidul Intervals. One-tenth of titi 

hour is  equivailent to sir niiiiutes, which is as elos6 ns rin ob- 
served high or low wnter cnn usunlly be determined. The fol- 



TIDES. 163 

P- in ~ p L ~ e L E 5 S E Q .  
D ~ ~ ~ N ~ : c ~ ~ w N ~  

AN. lb. ..-.__-.._I_.. Padm eJ . Jnh0.L Ircldol .................... ".- .......................... I o n )  ... 1 l Z . l L K . -  

TIDES. HIGH AND LOW WATERS 

SrOlh:-.Q.D nlqa .~P4d...&.m& - .................. """I"-.." ._..,-- I 4 1  .",.r.3?:M!.:i?,- 

m-lkwrba Jlaaa..BOA... ... ObmmliPwnd .................................. nmrnmd!." .... 1eot.r ,̂  ........... 



164 GENERAL IXSTRUCTIONB FOR FIELD WORK. 



TIDEB. 165 

lowing tables give the equiralents of the minutes in tenths of 
an hour : 

O t o  3 
4 t O  8 
9tOl5 

16t020 

I I I h. m. hra. 
0.0 21 t027  0.4 45tO6l 0.8 4 02-4.0 

29 LO 32 h2 to GO 4 31-4.6 

. 3  40t044 4 58-5.0 
:: I 33t039 ri 1 57t05D 1:: 1 4 EdL4.8 

I 

479. The lieiglits should usunlly he referred to the zero of the 
tide stnff, nrid should be given In feet and tenths of R foot. If 
the posltion of the tlde staff has  been changed during the observa- 
tions, the heights should all be referred to the z t ~ o  of one of the 
stnffs, nnd a full explanatlon given in the column of " Reniarks." 
Any point of a n  automatic tldegiiuge curve is readily referred to  
the zero of staff by using the t rue or cwrrected smle setting, as 
calculuterl from tlie comparntive rendings (psr. 477) on the dntum 
line. 

480. When the serirs of obser\-:itinns 1s less thnn 6 months tlie 
high and low waters should be tnbuliited In groups of 29 days 
each, beglnning each group on t h r  Brst line of the front side of 
a sheet. AIICJW two Iflies for ench day, whlch wlll etinble 17 days 
of record to be tabultited on the front pnge, uud the remaining 
12 days of the  group wlll I)(> tabulated on the back of the form. 
If nny pnrt of the record 1s lost, Icnw muniti t  ?Iwes for missing 
tldes. If the series fs longer tlum 0 months. tlie high and low 
wnters slioiild be tnbrilated by ciilendar months. Begln ench sheet 
with the first of the month, nnil nfter 29 days have been tabulated, 
place tlie remnlnlng days nf the  nionth below the long blncli hori- 
eontnl line n t w  the bottom of the back of the form. For February 
of common years, Insert March 1 after Februury 28 in  order to  
complete the 29-dny group. The high and low waters for Mnrch 
I should be repeated n t  the beginning of the sheet for March. 

481. The method of representing the year, month, nnd days is 
shown In the speclinen forms tha t  follow. The repetition of the  
niiiiie of the  nionth In the date column on the same side of tlie 
sheet Is not desired : nnd nlthough two lines are allowed for  each 
dny, the  dny of the month is wtftten only 011 the  flrst of these 
lines. Generallly, the morning tides are entered on the 5rst line 
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und the afternoon tides on the second line for each day. A tide 
occurring a t  inidnight (0”) is ttiken as belonging to the morning 
of the day jus t  beginniiig. While tubulnting UICZ times and heights 
of the high and low waters, the columns of ‘ I  Moon’s transits ’I and 
’‘ Lunitidal intervals” are left blank. These are to be fllled in 
afterwards in case the reductions described in Imragraph 493 are 
inade. 

482. af te r  the times and heights have been tabulnted, the high- 
est and lowest tide occurring during the entire month, or during 
the period represented by the slieet if the tabulations are not 
made by calendar months, should be selected and entered in the 
heading on the back of the slicet. If during this time the observer 
wns unable to obtain a complete record because of some abnormal 
weather conditions, an estimation of the height of an extreme high 
water or extreme low wnter referred to the tide staff may be made 
from the evidence ut hand and an explanation .entered in the 
column of ‘ I  Remarks.” 

483. Tabulation of hourly readings (Form 362, fig. 28).-The 
heights in this form should generally be referred to the zero of 
the tide staff, and should be expressed in feet niicl tenths of o. 
foot. When heights a re  taken from a tide roll they are readily 
referred to staff by using the corrected scale setting on dntum 
line (par. 477). The month nnd day of month a re  to be indi- 
cated in the spaces provided. The name or abbreviation for the 
iiionth should be written only once on a pnge, except that the 
month should iilways be given for its drst day. The series may 
begin a t  any time and the (lays a re  to be entered consecutively 
without regard to cnlendnr months or to time of changing tide 
rolls, seven days to the pnge, und using both sides of the form. 
Afkr n year of observntions has been completed a new series 
should be started. If any part of the record is lost, unless it is 
great enough to breuk the series into sepnrate parts, blank spaces 
should be left for the missing tides. In the space nfter the “Day 
of series,” the days nre to be numbered consecutively, I, 2, 3, 
etc., throughout the series, without regnrd to the month or dny 
o f  month. 

484. As stencils nre to be used in connectlon with this form, it iS 
importmt thnt the heights be written in their proper spaces In the 
columns headed I ‘  Feet ” nnd In the lines opposite the number of‘ 
the hour. In the form, these columns have the decimal points 
already printed. The columns without the declmal points are to 
be left vacnnt. 
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P.w. 

1 

13 
18 

26 
31 
35 
40 
44 
48 
63 
63 

486. When tlie record is to be coulinuetl for many years it is 
generally divided into series of 369 dags each, commencing on the 
1st day of Jrinuary of each yew, the lust three or four days of 
one series being repeated as the first days of the following series. 
As  n check on the urrungeinent of the days in the form, tlic fol- 
lowing table gives the page, coluinn of page, and day o€ series, 
for  the flrst of encli cnleudur nionth, when the series commences 
with January 1. This table is not npplicuble to n series beginning 
on uiiy other date  than the 1st  of Januury. 

Col- 
umn. 

1 
6 4  
0 4  

7 
2 

2 2 6  
7 
3 
0 
1 
4 
0 
1 
6 

-- 
Month. 

Jan. 1 
Feb. 1 
Mar. 1 
A T  1 

Juno 1 
July 1 
Aug. 1 
scpt. 1 
Oct. 1 
Nov. 1 
Ikc. 1 
Dec. 31 
Jan. 4 

&; 1 

1 
32 
60 
01 

121 
162 
182 
213 
244 
274 
305 
33S 
505 
309 

Common year. 

Jan. 1 
Feb. 1 
Mar. 1 
A r l  

JUnO 1 
July 1 
Aug. 1 
Sept. 1 
OCt. 1 
Nov. 1 
DCC. 1 
DW.31 
Jnn. 3 

$By 1 

1 

14 
18 

21 
31 
35 
40 
44 
411 
63 
63 

-- 
1 

6 4  
O b  

1 
3 n o  
1 
4 
7 
2 
6 
7 
2 
6 

___- 

Loap ycar. 

I 
- 
l a  or 
d L j .  - 

1 
32 
01 
92 
122 
lS3 
183 
214 
245 
276 
306 
336 
368 
300 - 

486. I f  the series of observations Is to be less than four yenre 
long it is usunlly best to  hegin on the first complete day of rec- 
ord as the fiiat day of series. After 369 days have been tabu- 
Interl, 11 new serles should be commeticed on tlir Sunie month 
ant1 tiny of month 11s the 5rst series, the lriet three or  four days 
of one series being repeated as the  flist dny of the following 
series. 

487. At permanent tidal stations tlie tnbulatetl hourly readings 
when complete are to be aumnieil both vertically and horizontally 
and the  results written i n  the spaces provided on the form. The 
totnl of the horiaontnl siiiiis on tiny pngc musl cqunl the  total of 
the yerticiil s\~nis, ruid this totill page aum slioiild be written in 
the proper space nmr the lower right-hand corner of the form. 
If tiny of the columns are incoinpletc becnuse of lost record, the 
inissinl: i*eudings iiiuy Iw cstlmatcd by interpolutlon, ant1 entered 
in the form with red ink to  distinguish tlieiii from the iictiinl 
observed readings. Genernlly 1 I tlie tide observer does not under- 
stand the nietliod of interpolation, he mag leave this pnrt of the 
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work to be done in the office. In this case he  should eutcr the 
sums of all incomplete liues, columns, or pages, with lead pencil, 
in order that  they m y  be uiodified after the interpolations have 
been made. The tinul suuis are to include both observed and 
interpolated readings. A tide observer wlio tabulalcs 111s ovni 
records should send to the oflice ouly those pagw of Form 382 
which ha\-e been eiitircly cornplelcd so far as hls gauge record 
wfll permit, retaining any partially tilled forin to complete when 
the record for the following month Is removed from the giiuge. 

488. Interpolations.-Before beginning the reductions, If uuy 
Iwrtion of the  rword is lost, i t  is c1csir:ible that  the missing tides 
he supplied by  interpolztion. Interpolated tides should be written 
in  red ink or else iriclosed in parenthesis to distinguish theni from 
ol)servations. If olily a fcm tides itre lost, plot time and lieiglit 
upon profile paper for n number of days before and af ter  tlie 
break, leaving space for tlie missing tides; coniiect the alternate 
tides with curved Hue, which must be extended acroay the gap 
on the plotting :IS nearly as  miiy be in accordance with the up- 
Darent luw of change in tiiiie and height. There will usually be 
eight diftinct cnrves-four for height and four for tinie, including 
both high arid low witers. In (~rdcr to prevent the curves from 
becoming confused by intersecting too much, t h y  may be plotted 
upon scales which are dropped one below the other. 

489. If there is a siniultaiicons series in  the vicinity the niisshg 
tides may be supplied by cornparlaon with it. 

490, If the series is long enough tnkc tlie inenus of tlie times 
and  heights occurring 20 clays before iind 29 days af ter  each 
missing tide, smoothiiig out the results by plotting. 

401. In SOIIIC euses u direct liiicar interpolntion will sufflce, espe- 
c h l l y  mlien ouly a few tides &ire inlsslng. In this inode of inter- 
polation divide the difference between the tinies of alternate tides 
and  also that of the correspondlng heights by one niore than the 
nuuibcr of inisslug tldes tu1d  add the quolicnt to the preceding 
time und heights. If I t  IluPpns thul: oiic of the t idw occurs near 
l imn or midnight, it uiuy chiillce thtlt ouly one tide of that phase 
ot:curs i n  the ckll day, u d  care iiiust be taken to allow for this 
in corintfng up the nuuher of missJug tides, 

492. Reduction of tide records.-To obtniii tidnl constauts and 
tidal datums for any station, tlie tabulated tides, togetlier with 
intervals untl riinges dcpenditig upon them, must be reduced to 
thelr nie:in viilues, Thc iiiem of n series o f  itauls is obtained 
by dividing tlie suiii by tlie nuiubcr of itenis included in t l u t  
sum. 111 ortlcr to seciiiw iiiiiforiulty, thc  spaces for the slims are 



gerierully Indicated in the forni?i, uud the nuxuQer oi items h- 
eluded in ench sum should usuuily be written in small figures 
just  above the sum, a s  indicated in the specimens of Foiw 138 
(pp. 163-164). h the tubulutiou, the individual times and 
heights tire given to one deciinul place, but i n  obtainlug the 
means the X S U h 3  should be carried to  two decimal places. The 
lnst decimal figure should be taken to the nearest huudiwlth, 
but if the  reinuinder should be esactly one-half of the divisor, 
the second decimal should be miide even, if not already even, by 
adding one. The menns directly obtained require certain cor- 
rections, which are explained in the following paragrnphs. 

483. Lunitidal intervals (Form lB).-This eoinputatio~i 19 uiude 
directly on the form on which the high and low waters have bee11 
tabulated. 

First : The moon‘s transits for the meridtun of Greenwich are 
copied in the column provided for the purpose. If the transits 
are obtained from mu1 ulmaunc, care must be takeu to refer them 
to civil time nnd to  convert the minutes iuto tenths of a n  hour. 
Photostat copies of u table of trunsits expressecl in hours nud 
tenths, Greenwich menil civil time, I ~ U Y  be obtnined from the  
omce. The tlmes inclosed by pnrentheses nrc for  the lower 
transits of the moon, the unmarlred ones being for the upper 
transits. 

Second: Subtract from the time of ench high and low water 
tlie time of the first precwling moon’s transit, nnd write the diC- 
ference in the appropriate column 011 the snme line as the tide 
from which it wns obtained. In case tlie time of high or low 
water IY nenrly the snme as that  of the nioon’8 transit, take the 
transit which precedes the tide by ubout 12 hours, but  in no cas(: 
must the snnie transit be used for two consecutive high waters 
or for two consecutive low water#. The lower transit of the 
moon applies to  both hlgh and low waters, just  the NIII~C as the 
upper transit does. Wheu the time of the moon’s trnusit is 011 

one day and the following high or low wnter is nn the next duy. 
the time of this title milst he incrensed by addinf 24 hours before 
nttempting to subtract the time of the triinsit. The high-water 
intervals will usually be npproxlinately six hours grenter or  less 
than the low-watrr intervels, but the in te rwls  for cnch pliliSe of 
tide will rarely vury nmong themselves more tlrnn several hours. 
Intervals from the lower trnnsits of the moon nre to  I)(. indicated 
by pnrentheses. 

Third:  Sum both colurnns of the Intervals for 20 days, piiicing 
the results In the sp:tces provided on the 1)nrlr of tltc form. 

They should be similuriy indicated in the copy. 
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Fourth: Obtain the means by dividing each sum by the number 
of intervals combined to obtain it, carrying the’results to two 
decimal places, und enter the results just below the suni. 

Fifth: Apply the coriwtion to intervals, ns obtained from the 
table on pages 173 to  175, and enter the results in the spaces pro- 
vided bclow the srxond horizontcil black Ilne near the bottom of 
the form. The corrected high-water interval thus obtnIned IN 
known also ns the corrected esstubllsl~rnenf of the pmt. 

494. Correotions for lunitidal intervals.-The t rue lunitldal in- 
terval i s  the difference between the Lnem local time of the tide 
rind the mean lociil time of the moon’s transit over the local 
meridlnn. But  on acroiint of the ’use of stnndnrd time instead of 
local time and the lnconvenlence of changing the moon’s transits 
to the local meridian, it is customary to compute fictitious 
lunitidal intervals, which are the difference between the standard 
time of the tlde nnd the Gi*ecnwlcli time of the moon’s transit 
over the meridian of Greenwich, and then correct the mean Once 
for all, thus  saving considerable work. 
Let L =west longitude oP station in degrees and d e c h a l a  

B =west longitiide of time nierldian used for tides. 
rS’=west longitude of time incriclian used for transits. 
X =correction to lunitidal intervals in hours nnd cleclmals. 

Then the correction for lag of the moon Is- 
24*8412--24*0000 (p-,r-,) =o.yjm007 (8f -L)  (1) 1,- 

360 
The correction for reduction of standard time to  local 

time is- 
24 

(2) (S  - t) ~0.011UUCGC’i  ( S - L )  

Colnbining (1) nnd (2) gives- 

M7hen Greenwich transits are used 8’=Oo, mid- 

When Greenn-ich trnnslts and menn loccil time are 

(3) X=0.00606667 (&‘- L )  + 0.06!!33067 (&’<- L )  

(4)  X=0.06660667 S--O.oON?O334 L 

used 

(5) X =  -0.00233607 L. 
L=S, nnd (4) lwconws- 

486. The following table has  been.computed from formula (4)  
for  west longitude. For enst longitude reverse the sl@s In this 
table. 
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486. It Is directly applicnblc whcu sttludurd time has been used 
for the tides. Take the correction for the degrees of local longi- 
tude from the column headed by the time inerldiaii used and add 
to this the correction for the minutes of local longitude. The 
latter part of the correetIon is independent of the time meridian. 

497. For any other time meridian SI the table mny be adapted 
by using the nenrest staudurd time meridian ( S )  of the table, pro- 
ceeding as before, and then apply the followiug correction to the 
result from the table : 
X =  +0.06007 (SI- S), f for west longitude, - for east longitude. 

498. When transits for the meridian of L' are used, the table 
may be adapted by proceeding as before and applying the follom- 
ing correction to the result : 
X= -CO.o0234 L', 4- for west longitude, - for east longitude. 
408. When meau local civil time and Greenwich t ransks  are 

used, it is probably more convenient to use formula (5) inde- 
pendently of the table. 
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~~ 

Longf- 
tudo. 

e 

Correction for 11m4tidaZ iiztsrz;als ( i i c  burs ajid deodi,tale). 

[For weet longltude u8e Sign given ; for eaet longitude revewe algn.] 

correc- 
tlon. 

Hour. 
-- 

Tim0 meridfan, 
0'. 

36 
3n 
87 
38 
30 
40 
41 

43 

48 
48 
41 
48 
49 
60 
61 
62 
63 
64 
65 

42 

44 

Hour. 
+0.565 + .5io 
f .447 + .378 + .309 + ,240 + .171 
+ . o s  
- ,105 - . l i J  - .213 - .312 - .3R1 - .460 - .619 - .6W - .057 - .72ti - .795 

+ .loa 

- ,030 
0 
1 
2 
3 
4 

0 
7 

5 

. _.. 

- .021 

o.Oo0 
-.Mi? - .138 -.w7 - .270 
- .414 - .4p3 
- .a45 

T h o  m e r i b ,  
Go". 

tude. 1 tlon. 
'Lon& 'hR0C- 

65 
tjP 
57 
M 
€Q 
GO 
61 

03 
84 
06 
00 
07 
88 
G9 
70 

a2 

i .m + .136 + .w7 - .002 - .071 - .140 
- . 2 0 8  
- .a47 - .410 - .486 - .655 - .0P - ,092 - .701 - .E30 

- .ZIH 

Time morfdlm, 
160. 

hnd- 
tude. - 

L 
0 
7 
8 
0 
10 
11 
12 
13 
14 
16 
10 
17 
18 
19 
20 
21 
22 
23 
21 
25 - - 

Corroc- 
tlon. 

Ilwr. 
4 0 .  655 + ,584 + .GI? + .448 -+ .379 
4 .310 + ,241 + .172 
t- .lo3 
4 . 0 3 4  - .035 - .lo4 - .173 - .24a - .311 - .a80 - .449 - .618 - .be1 - .OM - .725 -- 
I_ 

T h o  morldiw, 
16". -- 

Lon& 
tude. - 

a5 
Go 
67 
R8 
6B 
70 
71 
72 
73 
74 
75 
70 
77 
78 
7Q 
80 
81 
82 

84 
a6 

m 

- 

- 
Correc- 

urn. 

Hour, 
+O. 616 + .416 + .a77 + .IO8 
-I- .a9 
4- .170 + ,101 + ,032 - .a37 - .\Mi - .176 - .244 - .313 - .a82 - .461 - ,620 - ,Ea9 - .OW - ,727 - .7cM - .806 

- 

- 

Time rnoridhn, 
30'. 

20 
21 
22 
P 
24 
26 
26 
27 
28 a 
30 
81 
32 
33 
34 
36 

37 
38 
39 
40 

ao 

= 

c o r n  
cion. 

Ifour. 
+o. em + .651 
i .482 + .413 + .344 + ,275 + .m + .137 + .m - .001 - .070 - .I30 

- ,277 - -540 - -416 - -464 - .m - .an - .G91 - .700 

- .m8 

- 
Tlmo meridian, we. 

corrlx- 
tlM. - 
HOW. 
+o. 480 + .411 
+ .273 + .204 + .I35 + .OM - .m - .072 - .I41 - .210 - . 2 i@ - .348 - .417 - .480 - .m - .621 - .OK$ - .702 - .m1 - .m 

+ .a42 

- 

Timo meridian, 
459. 

I- I_ 

Tlmo mcrldinn. 
1050. 

Longi- 
tudo. - 

85 
8(1 
Q7 
98 
99 

100 
101 
102 
103 
104 
105 
100 
107 
108 
109 
110 
111 
112 
113 
114 
116 - 

I_ 

correo. 
tlon. 

Ilorr. 
+o. 446 + .37R + .307 + . n u  + .1OQ 
-1- .loo + .031 - ,038 - .lo7 - .170 - .245 - .a14 - .38 - .462 - .621 - .5w - .06B - .72a - .797 - .Mtl - .836 

- 



Tho mcridinn, 120'. 

hrrcction. 

Ifour. 
+O. 410 , .. .~ + .341 + .272 + .?03 + .134 + .w5 - .oo( - .n ix  .... - .142 - .211 - .P IN - .349 - . d i n  - .487 - .b56 - .u25 - .OM - .71 - .a2 - .w1 - .970 

Pime mendinn, 157.30'. 

Loogltude. 

148 
140 
150 
151 
162 
153 
1M 
16.5 
166 
157 
158 
169 
180 
161 
162 
103 
164 
165 
160 
167 
168 

krrectlon. 

Hour. 
+O. 28R + .210 + .149 + .om + .011 - .05n - .127 - .1w - .265 - . 3 3 4  - .4VJ - .472 - .541 - .01J - .I370 - .74R - .817 - .w - .956 
-1.024 
-1.093 

T h o  meridian, 135". 

mgitude. 

126 
126 
127 
128 
129 
130 
131 
132 
133 
131 
135 
130 
137 
138 
139 
140 
141 
142 
143 
144 
145 

IIoii r. 
+O. 376 + .m + .231 + .lo8 + .m + .a30 - .a39 - .lo8 - .177 . .. . 
- .246 
- .315 
1.384 - .453 - .522 - .591 
- .ooo - .729 - .708 
- .807 - .D36 
-1.005 

Tlmo mrrldlnn. 105". 

Longiiudr. Corrctlon. 

Hour.  +o. 301 + .m + .lo8 + . a 7  + .028 - .041 - .110 
. - .179 - .248 .~ . - .317 - .m - .456 

- .B24 
- 593 - .IN2 - -731 . - .w - .m 
- .938 
-1.007 
-1.076 

Tho meridian, 160'. 

dngitudo. 

140 
141 
142 
143 
144 
145 
149 
147 
148 
140 
lG0 
151 
152 
163 
154 
166 
160 
167 
168 
169 
160 

!4JnF%?tion 

Hour. 
+o. 340 + .271 + .202 + .la3 + .OM - .005 - .M4 - .143 - .212 - .2a1 - .a51 - .420 - .4D 

- .6!27 - .e96 - .705 - .834 - .m3 - .0n 
-1.041 

- . ~ n  

hogltude. 

170 
171 
172 
173 
174 
175 
170 
177 
178 
179 
180 
181 
182 
183 
184 
185 
180 
187 
188 
1RO 
100 

:orredtion 

Iiaur. 
+O. 28Q + .m + .la1 + .002 - .007 - .070 - ,145 - .214 - .283 - ,352 
- .421 - .480 - .a0 - .a28 
- .697 
- .7o8 
- ,835 
- .904 - ,973 
-1.042 
-1.111 



175 

Ian@- 
tudo. 

Correc- 
tlon. ~ - - - -  

I 

Longi- 
tude. 

, 
21 
22 w 
21 
25 
26 
27 
28 
20 
30 

32 
33 
34 
36 
36 

38 
30 
40 

a i  

a7 

I 

... . . _ ]  -. - 

I 

corn- 
tlon. 

Hour. 
-0.047 - .048 

I -  .049 - .051 - .052 
- .os - .051 - .os - .058 -.os - ,050 - .OB0 - .001 - .tM2 - .063 - .OM - .066 - .067 - .088 - .OB0 

600. l e a n  high water (HW), mean low water (LW), mean range 
(In), and mean tide level (HTL), (Foin  138).--I”lrst: Add the 
hlgh and low wutcr heights for 20 days. Second: Obtain the 
means by dlviding each sum by the number of high or Iow waters 
Included, Third: Obtain the mean range (Mn) by subtracting 
the mean of the low waters from the iiicaii of tlic high witers, 
and enter the result hi the spnce before the sxinbol ‘“In.” 
Fourth: Obtain tlie mean tide level (MTL) by taking one half of 
the sum of the tneaii high water nnd the nlean low water, and 
enter In the sl)sce before the symbol “NTL.” Fifth: The mean 
rringc should be corrected for longitude of inoon’s node in ac- 
coidunce with paragraph 503. 

601. Idean. Mgher high water (HEW), mean lower low water 
(LLW), and diurnal inequalities (DHQ and DLQ) (Form l%).- 
First: Check off the 1iighp.r of the. two high waters nnd the lower 
of the Lno low waters of cncli day for 27 days, omitting the flrst 
ztnd Inst dags of the 20-day group. When only one high or one 
low mater occnrs on a cnlendnr dny, by renson of one of the tides 
having occurred nfter niiclnlght and thwefore on the next calendnr 
day, tlie single tlde ahould be checked if the tide just above it fs 
unchecked, otlierwlse it should not be cheeked. If, however, the 
tide liris become diurnal and only one high and one low water 
occur during the tidal day, these should both be checked. Secoud : 
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’rlie higlicr high maters and lower low mulcrs thus cliecked slioultl 
lie siiinmcd nnd the results entered in  the spnccs provicld in tlie 
column of “ Remnrks ” on the bnck of the form. Third : Obtnin 
thc nieans niitl enter the results 111 the line below tlie wius.  Fourth : 
Subtrnct the menn of nll tlie high waters frnni tlie menn of the 
higher high maters and enter the difference after the  syinbol 
I>HQ on the back of tlic form. Fif th:  Subtract the niean of the 
lower low waters from the nienn of tlie low watcrs nnd enter the 
cliffclrence after tlic symbol DLQ. Slsth: Correct the DHQ and 
DLQ in nccordance with pnragrnpli 506. 

502. Correction for the longitude of the moon’s node.-The moon’s 
node is the plnce mlicre the  lunar orbit lritersects the ecliptic or  
earth’s orbit, and tlic position of the node is continually changing. 
The effect of this elinnge In the longitnde of tlic node is to  vary 
the ninxinium decllnntion of tlic moon by more thnn 10 degrees. 
there being periods of yenrs tluring which this maximiini is less 
than thot of the ecliptic, and other periods of yenrs when the  
innximuin tlcclinntion of the moon I$ grmter  tlinn tlint of the 
ecliptic. A change In the moon’s decllnotlnn affects both the 
mean rnnge nntl the  dlurnnl iiieqnnlities of the tide, 80 tha t  these 
qunntitlfs ns fount1 from observations for nny year must he 
corrected to obtnin n t rue menn value. 

503. To correct the inenn range for the longitude of the moon’s 
node, npply the fnctor “F(Mn),” or “Fnctnr  for mean range,” 
which inny be obtnfnerl froin the  followllig table for  the years 1915 
to 1934. The factors hnve been computed for the middle of ench 
year, but as they change wry slowly, the  snme value may be  
tnken for nny month of the year. The line in the tahle from 
which the value is to  be taken is determined by the argument 

2EQ3Dr-&), which may be computed to one decimal place from 
the uncorrected values of DRQ, DLQ, ant1 Mn as obtained from 

din 

Form 138. 



0.0t00.2 ............. 
0.3t00.4 ............. 
0.5toO.O ............. 
0. 7t00.8 ............. 
O . 9 t O l . O  ............. 
1.1 to1. 2.. ........... 
1.3t01.4 ............. 
I.5tOl.G ............. 
1.7 to 1.8 ............. 

1916 

- 
1.02 
I. 02 
1. 02 
1. 01 
1.01 
1.01 
1.01 
1.00 
1.00 

1.01 
1.02 
1. 02 
1.02 
1.02 
1. 01 
1. 01 
1. 01 
1.00 

lP17 

-I 

1.01 
I. 01 
1. 01 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 

1QlP 

0.98 
.QQ 
.99 
.PO 
.99 
.99  

1.00 
1.00 
1.00 

I 

1920 

-- 
0.98 
.88 
.98 
.98 
.99 
.99 
.99 
.Q9 

1.00 
-- 

1922 

0.87 
. 9 7  
.07 
.Q8 
.98 
.98  

1.00 
1% 

1832 

1.03 
1.03 
1.03 
1.02 
1.02 
1. 02 
1.01 
1.01 
1. 00 

- I 
I918 

- 
1.00 

1. 00 
1. oc 
1. w 
1. 00 
1.00 
1.00 
1.00 

I. oa 

- - 
lM8 
- 
1.01 
1. 01 
1.01 
1. 01 
1.01 
1. 01 
1.01 
1.00 
1.00 
--. 

1823 

-- 
0.07 
.07 
.97 
.98 
.9R 
.98 

1.00 
% 

-___ 
1833 

-- 
1.03 
1.03 
1.02 
1. 02 
1.02 
1. 02 
1.01 
1.01 
1.00 

. 

1.02 
1.02 
1. 02 
1.02 
1.01 
1. 01 
1. 01 
1.00 
1.00 

- - 
1MI 

I 

0.97 
.07 
.08 . P8 
.sa 
.99 
.99 
.99 

I. 00 
- - 
1871 

-- 
1.03 
1. 03 
1.03 
1. 02 
1. 02 
1.02 
1.01 
1. 01 
1.00 
I 

__c_ 

1.03 
1.03 
1. 02 
1.02 
1.02 
I. 02 
1.01 
1. 01 
1.00 -- 

505. E'or statious on Uie Atlaiitlc coast of tlie 

0.0t00.2 ............. 
0.3tO0.4 ............. 
O.5tOO.O ............. 
O.7tOO.R ............. 
0.9t.o 1.0 ............. 
1.1 to 1.2. ............ 
1 . 3 t O l .  4 ............. 
L61Ol .O ............. 
I.7t01.8 ............. 

0.98 
.98 
.9R 
.98 
.99 
.QQ 
.90 

1.00 
1.00 

ID24 

-_ 
0.98 .a .w . PR 
.9R 
.9Q 
.99 
.w 

1.00 
- - 
Is34 

- 
1.02 
1.01 
1.02 
1.02 
1.01 
1.01 
1.01 
1.00 
1.00 - 

Giilted Stntes 

the wlues of DHQ and DLQ liuve not been obtninetl, the top line (11' 
the tabIe may generdly be tnketr iritliorrt irinterial error. For sh- 
tions on the coast of tile Gulf of Mcsico from Key West to the Rio 
Grnnde, the iuenn runge of the tide is very snlnll u ~ l d  the facto,. . 
F ( M t a )  need not be apl)lietl. For other loctillties, where DHQ anti 
DLQ nre USuUlly computed, as 011 OttI' Pucfflc coast, Alaska, etc., the 
value of 2(DaQCDLQ) nliould bc ol)ttiiiitul and entered 111 tlie 

spuce provided in the hending on tlie back of Form 138. If it is 
lnrger t h w  1.8, no correction need be applied to tlie menn range. 

608. The dlurnnal ine~iiiilitics DHQ, DLQ, should be corrected by 
the ftictor 1.02 F,, wlilcli niny be ohtnined froni the following tnbls 
for the years 1015 to 1034. Tlicse factors huve bee11 computed for 
calendar months and may b e  used wtthout modiffcntlo~i for series 
of 2% d n y ~  beginning on the 1st day of the month. If a !?%day 

Af ?L 

13027°-21-12 
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series begins on any other day of the month, the factor muy I)c. 
obtnined from the table by interpolntion. 

507. Factor 1.02 A.-For correcting UHQ a?id ULQ. 

May. ................. 
June .................. 
July .................. 
Aug.. ................. 
Sept .................. 
Oct ................... 
Nov. ................. 
Dec ................... 

__ 
Month. 1 1015 11918 -- 

.80 

.7R 

.82 

.95 
1.10 
1.02 

.R1 

Jan ................... 0.81 0.B 

Mar ................... 1.08 1.11 
ADI ................... 1.01 1.03 

Fob ................... 1 . ~ 4 1  .97 

1028 
- 
0.86 
1.01 
1.15 
1.07 
.90 
.81 
.M 
.08 
1.13 
1.04 
.88 
.SO 

1929 

0. co .os 
1.11 
1.03 
.87 
.79 
.82 
.05 

1.09 
1.01 
.& 
.7Q 

.. 88 

.81 

.84 

.OE 
1.13 
1.05 
.88 .m 

1931 

0. so 
.93 

1.00 .w 
.84 
.77 
.80 
.02 
1.00 
.OQ .a .n 

1932 
-- 

0. p1) 
.03 

1.06 .w 
.8$ 
.77 .ea 
.92 
1.00 
.DD 
.83 
.77 

_ _  - 
1917 

0. % 
1.01 
1.10 

.O1 

.B 

.80 

1.19 
1.11 
.02 
.85 

1. oa 

1. ni 

- 

1027 
- 
0.90 
1.00 
1.22 
1.12 
.m .w .a 
1.02 
1.19 
1.10 
.91 
.M 
- 

Jan ................... 
Feb .................. 
Msr ................... 

ay .................. 
June.. ................ 
July.. ................. 
Aug..  ................ 

p .................. 
0.08 0.04 
1.17 1.12 
1.37 1.28 
1.26 1.19 
1.02 .98 
.02 .88 
$6 .91 

1.13 1.07 

- - 
1020 

0.07 
1.18 
1.37 

1.04 
.94 
.08 
1.18 
1.42 
1.31 
1. M) . 90 

- 

1.27 

- - 
1030 

0.82 
.95 
1.08 
1.00 
.a5 
.78 . 81 . 93 
1.07 
1.00 
.84 
.78 

-_ 

- 

- - 
1923 

1.03 
1.26 
1.49 
1.36 
1.10 . OR 
1. M 
1. n 
1.48 
1.35 
1.08 
.97 

I 

- - 
1933 
- 
0.80 
.93 
1. OB 
1.00 
.a5 
.78 
.81 
.93 
1.07 
1.00 
.84 
.78 
- 

- 
1824 
- 
1.02 
1.23 
1.46 
1.33 
1.07 

.QG 
1.00 
1.10 
1.43 
1.30 
1.04 
.94 
- - 
1934 

0.62 
.05 
1. OR 
1.02 
.& 
.79 .sa 
.95 
1.10 
1.03 .m 
.m 
- 

508. Annual inequality i n  mean sea level.-At most stations 
there is a variation in the reading of mean sea level upon the 
staff at different times of tlie yenr, depending In general upon 
the Fensonal cliangcs in the  direction nnd strength of the wind, 
and in  river stations also upon the rninfnll or melting snow. 
There is a rough periodicity 111 these variations of meun Ben level, 
but they cnn not accurately be foretold. The inequality niny to 
some extent be eliminntcd from R short series of observations by 
a comparison with slmultmeous observation ut a neur-by station 
where the tidnl planes have already been detemined from a long 
series of observations. 
SOD. Cbmparison of simultaneous observations (Forin W$,  Ha. 

27).-1f tidal data  have been well determined for oue station, 
satisfactory data for another statIon nenr by may generally be 
obtained by observing the tide8 sfmultaneously for several days 
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at the two sttitions nut1 coiupiring the results. For this purpose 
there should be a t  leiist two dugs of both dny and night tides 
observed, and if the stntions are very far apart 11 longer series 
should be observed. It is generally most satisfactory, especially 
when there is a large diurnal inequality, to have the tides (foui- 
pnred consist of a whole number of tidal days so thnt the aum- 
ber of higher high mnters, lower high waters, higher lorn writers, 
and lower low mnters will  be the same. 

(See page 170).-This form is 
clrsigned €or the comparison of tidcs at n subordinate stritioii for 
which tidnl results are sought, with the tides observed simultu- 
neously at a standard station for whlch tidal constants are 1;nown. 
For short series of observations the high and low waters obwrved 
:it the subordinate station may be tabulnted imniediately in this 
form, 111 which case i t  will be unnecessary to tabulate them also 
in Form 138. The time and helght differences are to be obtuined 
by subtracting the valiies u t  tlie standard station from the values 
at the subordinate station nnd the results entered with proper 
signs in the columns indicrited. 

Find the sunis and menns of columns of time difference, height 
of tide at both stntions, and height difference. For stntions ou 
the Pacific coust, where tlie plane of reference is mean lower low 
water, the heights of the higher high, lower high, higher low, and 
lower low writers are to be sumnietl sepnmtely, the higher highs 
iind lower lows bdiig indicated by pencil check marks. r;tii- 
tions on the Atlantic coast, whei*e tlie plane of refwence Is incaii 
low water, the heights of the high waters mag be all combined 
into a single sum, nnd similarly the low water heights; the helid- 
ings of their sums belng made to rend Ha’ aud LIP, respectively, 
by striking out tlie extra letters. All mean results should be given 
to two decimals of its unit, whether hour or foot. I f  any indi- 
vidunl difference varies greatly from the iipparent average, und 
an examinatiou of the original record foils to show an error, that 
difference should not be included in the sum; and such a valne 
should be encircled to shorn that it has been rejected. 

For stations on the Atlantic coast omit (4) to (Q), (14) to (19). 
(25). (26), and the computation of DRQ nnd DLQ nt the bottoni 
of the form. Take (10) = mean high water Iieight nt the subordi- 
uate station, (11) = mean low water height a t  subordinate stn- 
tion, (20) = menu high wnter difference, and (21) = meau low 
water difference. For stntioiis on the I’aciflc const the lower part 
of the forin should be filled out completely as indicated. 

510. Explanation of Form 248. 
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I igri 
-. 
Zfortr. I 
4.200 ' 

4.278 I 
4.347 
4.418 
4.4135 
4.554 
4.023 
4.692 
4.7GI 
4.830 

The con-ectloii for diffcrmce in longitude (2) uiny be obtained 
from the following t;J)lc. Find the diff(wmce in longitude by sub- 
trncting the longitude of the subordinnte station from tlie longi- 
tude of the staudnrd station, conslderlng west as positive and east 
a8 negative. The coi~cct lon hns  llie saiiie sign as the resulting 
difference of longitudes. If the lrlnd of time used nt the two sta- 
tions is dlffcreiit, apply this difference, espi*esscd In hours, to the 
difference in the t h e  of tide as directly obtained, aclding If the 
time nieridian of tlie ~ubordlnntc  stntion Is west of the tlnie 
meridian of tlie staiiclnrd stntion, and subtractlng if the time 
merldlun of thc su1)oi~liiiate stntton 1s cast of that  of the standard 
stntiou. 

511. Correction for difference in longitude.- 

DU- 
g;, - 

91 
92 
83 
04 
05 
06 
97 
08 
00 

100 

- 
D if- 
fer- 

mce. 

I 
2 
3 
1 
5 

7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
1 R  
19 
20 

21 
?? 
23 
24 
25 
20 
27 
28 
20 
30 

a 

-- 
Hour. 

6.348 
0.417 
0.4M 
6.655 
0.624 

0.702 
6.571 

0.270 

0.893 

a.ow 
0.~09 
?.MY 
7.107 

7.245 
7.314 

7.178 

e 

121 
122 
123 
124 
125 
120 

128 
12'3 

127 

130 

1 181 
132 

1 133 

135 
130 

i 134 

Rour. 
8.340 
R.418 ' 
8.556 1 
8.625 ' 

8.034 ' 

8.7M 1 

8.487 ~ 

8.832 I 
iE% j 
9.039 : 
8.108 j 
9.177 

0 315 
0:381 I 
9.248 

151 
152 

154 
155 
160 
157 
Ilk) 
I59 

101 

;6 
165 
160 

,153 

100 

3.810 I 81 ' 5.539 111 
3.5% 62 6.G58 112 

0.75'3 
0.628 
0.807 
0.9u 
1.035 
1. 104 

41 
42 
43 
44 
45 
46 

.I I 

2.8% ! 
2.087 1 2.8118 ' 
3.030 
J. 105 
3.174 

71 4 . 8 ~ 0  mi 

73 1 i o 0 7  103 
72 4 OW 102 

74 ' 5 100 104 
75 ' G : l Z  103 
76 I 6.244 I 100 

zloar. 
10.420 
10. 4UY 
10. t58 
10. 627 
10. ow) 
10.765 

10.003 
10.072 
11.041 

11.110 
11.179 
11.248 
11.317 
11.360 
11.455 
ll.G24 
11.503 
11.8112 . 
11.731 

11,800 
11. fm 
11.038 
l2.007 
12.07a 
12.145 
12.214 
12.2gi 
12.352 
12.491 

in. 834 

- 
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512. Planes of reference.-Upon the Atlantic and Gulf coasts of 
the United States, including Porto Rico and tlie Atlantic coast of 
the Pnnuinu Canal Zone, all soundings me reduced to mean low 
water. Corrected nieaii low water is obtained by subtracting 
one-half of the  corrected mean runge fronl the corrected inelin tide 
level. I n  lo(-nlities where the mean rise and fall of thc tide is 
less than 1 foot, as in the  greater part of Albemarle and Pamllco 
,Sounds, n plunc~ oiie-liulf foot below the i i i ~ i n  w\’uLer level should 
be taken as the equivalent of the datum of nic:iii low water. 

Upon the hc i l i c  coast of tlie United Sktes ,  Alaskn, Hawaii, and 
the Philippines, a l l  soundings nre reduced to  the plane of memi 
lower low water, except that  for Wrangell Strai t  tlie datum is 
3 feet below nieaii low-r low water. Corrected iiieiin lower low 
water is obtained by subtracting the corrected diurnal low-water 
iiiequulitg (DLQ) froin the corrected mean low water. 

Upon the Puciflc coast of the I’analna Canal Zone t h r  sound- 
ings tire reduced to the plane of mean low wiiter springs. For 
this datuni tlie spring range of tide is flist obtuined froin thi’ 
high und low waters obseryed tit the time of new and full moon. 
One-half of the spring range is then subtracted from the mean 
tide level to  obtain metln low water springs. 

513. Difference in time of tide.--\Vhen there is  iuucli diflerence 
in the tiine 01’ height of the tide at the place of sounding and a t  
the tide gauge, allownnce slionld be mnde in tlic reduction of the 
squndings. The difference 11iay generally bc c.stlinated from ob- 
servations made ut scvenil stiitions in the vicinity of the  work, 
biit when i t  lins betw iinpossiblc to estnblish inor(’ tliuii oiie tide 
station in the locnlity, the fol lowi~~g formnln iuiiy be useful io 



.TIDEB. 183 

FaLhom. 
1 
2 
3 

0 
0 
7 
8 

4 

estlmatitig the velocity of a progressive tidal wave, and enable 
cine to obtain the appwrlinatc difference in the time of the tlde: 

v=Gd=5.67@feet per second, 
when g=S2.17 feet per second and d=depth of water for the 
:tveruge cross section between stations, in feet. 

In order to consert feet per second into nautical miles per hour, 

Minrsles. 
7.3 
5 . 2  
4.2 

3.3 
3.0 
2.8 
2.0 

a. 0 

3600 multiply by m0=0.592, and me have 

Minufm. 
0.3  
4.6 
3.7 
3.2  
2.8 
2.0 
2.4 
2.2 

v=3.36&nautical milea per hour. 
The time required for the tide wave is 

Fafhoms. 
9 
10 
IS 
20 
30 
40 
50 
00 

t=GomirlT 6080 minutes per nautical mile. 

Minuter. 
2.4 
2. 8 
1.9 
1.0 
1.3 
1.2 
1.0 
0.0 

t=60X5.672d; i=~ 6280 minutes per stntute mile. 

hSinu(ta. 
2.1 
2.0 
1.6 
1.4 
1.2 
1.0 
0. B 
0.8 

For convenience the following brief table is given : 

Time required lor  the tirli: ,iuffue to  travel. 

I Depths. I 
I I- 

514. Bench marks.-A bench mavk i s  a dcAnite polnt on a per- 
ninnent object used as a refereuce for elevntions. No mutter how 
temporary the occupation of a tide station is, if any plane of ref- 
erence 1s computed or assumed, the tlde staff 51iOUld be referred 
to a t  lenst three permanent bench marks. Thls is of  great Im- 
portnnce to make the results of the tidal observntlons nvallabk 
for future use. These murlrs should he sufficiently scattered eo 
that they are not likely to be all destroyed by a common cause. 

616. Qualities of a good benoh mark.-The principal qualities of 
:I good bench inark nre thnt It is not likely to be destroyed or its 
eloratlon chnnged, and that it may be ensily found and identifled. 
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It should be so placed that a leveling rod can be held vertically 
over it. A mark set horizontally Is generally more convenient, to  
use than one set in a vertical wall. In  o. settled community perma- 
nent and substantial buildings afford the best location. In  a 
rocky country, a ledge of rocks will serve. If the ground is 
sandy, a mass of concrete containing not less than a cubic yard 
of materlal and buried so that its top projects a few inches above 
the surface of the ground, mill generally constitute a suitable 
foundation for the bench. For a concrete bench mark, great care 
should be taken to obtain a proper mixture; one part sand, two 
parts cement, and three parts broken stone constitute the usual 
proportions. Bench marks should not be placed on buildings 
which are known to rest upon filled-in ground, as  such structures 
are liable to settle. Water hydrants, curbstones, and growing 
trees are very unsatisfactory as bench marks except for tempo- 
rary use. , 

516. An identification mark is required, for no matter how well 
the bench mark may be described there is nearly always danger 
of mistaking the point used, unless it is c1enr:y marked. The best 
identification mark, which should be used when i t  is practicable 
to do so, is the standard clislr or cap bench .mark of this Survey. 
These are made of briiss about 34 inches in diameter and have the 
following inscription " U. S. COAST C GEODETIC SURVEY I3. M. 

MARK." The disk bench mark has a shoiik about 3 inches long 
for insertion in a building or olher subst:intiul support. It should 
usually be set with its face flush with the wall mid secured with 
cement. On the face is a short line, which should be p:uced hori- 
zontal and which serves as  the reference point. The disk bench 
mark may with advantage be set with its stem vertical in  rock 
or cement, in which position it 1s more convenient to plnce a rod 
on than when set in a wall. The cup bench mark is threaded in- 
side and is designed to sciwv on top of nn iron pipe which is sunk 
in the ground and secured to n mass of concrete, the top of the 
pipe projecting ti fern inches above the ground. This cap bench 
mUrk may be Set directly in the top of a concrete base, when no 
suitable pipe is available. In the center of the top of cap is u 
space inclosed by n circle which Is the point of reference. When 
tt standard disk or cap bench mark Is used, the year of estnblish- 
inent and the number of the mark should be stamped into the 
nictnl. Duplication of numbers should be nvolded, nnd H number 
fhnt litis previously been nsslgned to another bench mark in the 

$250 FIhTE OR IMPIZISONMENT FOR DISTURBING THIS 
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same locality, whether destroyed or extant, should uot be used 
again for a new bench mark. SrLs of dies for stalnplng letters 
nnd figures mny be secured from the office. 

517. If tho standard bench innrlcs ure not available,'a small 
cross -I- cut on a rock, building, or other structure, or in some 
cases a drlll hole, will serve to indicate the point on which the 
leveling rod was held. The addition of lettering, especlallg in 
rack, will make the identification more certain. In a rocky ledge 
subject to weathering, a copper bolt is desirable, us u cross or 
inscription may become too indistinct to identify with certainty. 

518. Permission from the Treasury Departueiit lo  pluce staud- 
ard disk bench marks on ang Federal building hos been obtained, 
a8 indicated. by the following letter: 

TREA8UPY DEPABTIIENT, 
WnsMngton, Noumber 11, 199. 

The honorable the BECBETAEY OB COXNERCE, 
Wa8hinglor1, D. 0. 

Sin: By directlon of the Secretary I hnve the honor to acknowledge 
the receipt of your communlcatlon of the 7th instant, requestlug that 
permissfon be granted to the ofncers of the Coast and Geodctlc Survey 
to place on the Federal buildings under the control of thls department 
m a l l  Inscribed metal tablets, whlch nrc to be used as bench marks in 
connection with the Bystcm of lereling, the CUStOdlRnS of the bulldings 
to deslgnate where the tablets are to be plnced. 

In reply, you are advised thnt no objection wlll be interposed by thlS 
deportment to the placing of the tnbleta on the vnrloua public buildlnga, 
118 deslred, and tbls letter, or a copy thereof, upon its presentation to the 
CUStOdlan of a lMhx"el building, is to be considered by him as hls outbor- 
ity for permitting the placlng 02 one of the toblete on the bulldlng In hls 
CllStodg. 

Respectfully, 
B. 'H. S E W T O N ,  

AeeCtad  lecretayl. 

619. Levehg.-The bench marks and tide staff should I N  care- 
fully connected with each other by forward and backward lines 
of spirit levels. Great care should be taken to keep the instrument 
in proper adjustment. When the forward and backward iiieasures 
between TWO bench mnrlrs differ in feet by more than 0.05 I< (in 
whlch R is the distance leyled between the two bench iuarks in 
etatute miles), or for distnnces under 800 feet by more than 0.016 
foot, both the forward and backward measures are to be repeated 
until the dieerenee between two such 'measures falls wftlifn the 
limit. No one of the questioned rneafiures Is to be used with a new 
iueasure to get thls agreemelit. If morlr has been previously done 
in the vicinity, nll  the old bench 11iarlts that can be recovered 
should be connected with the tide staff by spirit levels. It is 



186 GENERAL INSTRUCTIOSS FOll FIELD WOllK. 

derdrable that beuch marks eslublished by other orgunizationq 
and also city and railroad datums, should be connected with the 
Survey bench marks. 

520. Record of bench marks and leveling.-Before leaving the 
general locality where bench marks hare been established, u de- 
scription of each one must be written and sent to the offlce, 
together with the leveling record, and must also be written in the 
Tide Book, Form 277, when this is used for recording staff read- 
ings at the station, or in the Leveling Record, Form 258. Care 
should be taken to make the descriptions of the bench marks as 
clear and distinct as possible, and sufflciently complete to enable 
another person to recidily find and identify the m:irks. When a 
bench mark is made on a building in a city or town, the street 
and number should be given when possible. When not on a 
prominent structure, the distance and direction to several land- 
marks that are more or less permanent in the neighborhood should 
be given. Sketches or photographs which would aid in locating 
or identifylng the bench marks are desirable. 
621. Inspection of tide stations.-The tide observer should be 

interviewed to ascertain whether he thoroughly understands his 
work. The care taken to keep the gauge clocks correct, and the 
manner of making the stuff comparison should be noted, special 
attention being given to the observer’s habit in regard to the s a l e  
on the gauge to see whether he is inclined to enter the scale r a d -  
ing rather than the actaal staff reading on the marigrum. The 
value of many of our tidal records h u s  been impaired because of 
the uncertnlnties arisiug from the habit of some of our tide ob- 
server8 of entering modified scale readings instead of the actual 
staff readings on the tide roll. In general, the metal scales serve 
no useful purpose In securing the tidal records and have been 
nlready removed from some of our gauges. Unlees there is some 
special reason for leaving the scale on the gauge, i t  mng be rv- 
moved and returned to the oftice. 

522. The gauge sliould be adjusted so that, at approximately 
mean tide level, the recording pencil \rill be near the center of the 
paper, and the float pnlley and the counterpoise pulley about half 
filled with wirc or cord. The datum-lhe pencil should be set new 
the center of the paper. The counterpoise weight should be so 
arranged that it mag more freely between the limlts of extreme 
high and extreme l o ~  water. In order to secure a sumdent range 
of niotion for the counterpoise weight and also for the tension 
weight, it is generally desirable to carry each supporting cord over 
a pulley in the ceiling of the tide house. After these adjustments 
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have been made, there will be no occasion for the tide observer 
to change them unless the flout wire breaks or other accidents oc- 
cur. When this happens the observer should enter a clear erplana- 
tion of the fact on the tide roll. Such changes are very uiidesir- 
able except when actunlly necessary, and the observer should be 
so informed. 

528. The podtion of the float in the well should be examined to 
ascertain if it is free to move within the limits of the tide without 
scraping on the sides of the float box and, if necessary, the gauge 
should be moved to bring the float into a more nearly central po- 
sition. If there is any evidence of the float box being clogged 
with mud, barnacles, or other matter, the opening should be 
clenred. 

624. The tide stuff should be esamined to see if it is in good 
condition. If there is more than one etaff at the stntion, make a 
note of which one the tide observer is accustomed to using. If 
the staff is a portable one, I t  should be plnced in position for use 
and u note made of the reading on the staff that is level with the 
support on the h e d  guide. It is important that the stnff be 
actually placed in position, ne it may happen that some obstruc- 
tion in the guide will prevent the staff from being lowered to the 
position indicnted by the shoulder or nngles attached to tlic staff. 
If there appears to have been R change in the positlon of the staff, 
ascertain, if possible, from the tide observer or other source, the 
time when such change took plnce, as this information is very 
important in the interprettttion of our records. The fixed gulde 
for the portable tide staff should be examined to see that it is in 
good condition. 

525. As many beiich niarks as practicable ahould be connected 
with the tide stnft' by spirit lerels. If there is more t h n  one 
staff n t  the station, all should be coiincoted with the bench mnrks 
by levels. If a portable stnff is used, it should be placed in posl- 
tJon to determine its true relntion to its support. A t  perianent 
tide stations not less than flw prrmunent bench inarks should 
be maintained. One of these should be IIS dear the tide staff as 
practicable to afford ti rendy nieitli~ of checking the elevtitioli 
of the stnff. It is also desirnble that 11 teiupornry mark be placed 
directly alongside of the stnff, which would enable the staff to 
be replaced without the use of II level' should it be removed from 
nny cause. The present condition of the bciich mnrka should be 
noted, cIc8ciencfes In the descriptions supplied, and new mark8 
estnhlisliecl when necessnry. 
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628. A separate report should be imde for eitch tide statlon in- 
spected. This report should include recomiiiciidatioiis concerning 
repairs to the station, with an estimate of the cost whenever I t  is 
1)ossible to do so. 

627. Estimates for the inspectlon of tide stations should be sub- 
mitted as soon ns possible after the reccipt of instructlons. A 
smnll amount should be included to cover small incidental repnirs 
which may be required, and these repairs should be nindc if POR- 
siblc while the inspecting omcer is at the station. At remote 
stations, when repairs are urgently required which cxceed lri 
amount the sum nllotted for repairs, and when it is desirable that 
thcse repairs be made while the inspecting officer is nt  the stfition. 
to nvoid the expense lncldentnl to sending some one else to super- 
intend the work, telegraphic approval of the cstimites for this 
work should be requested from this omce in case circurnstnnces 
will not permit the delay of obtnining authority b,r mil. 

CURRENTS. 

628. General remarks.-Currents are of two types, tidal nnd non- 
tidal. Tidal current8 are due to the tides and nontidal currents 
are due to winds, lnnd-water discharge, differences of density, and 
other flu& causes. What chiefly distinguishes these two kinds of 
currents from each other is the fact that  tidal currents are 
periodic ,while nontidnl currents are not i>eriodlc. 

In passnges from one body of water to another, in narrow en- 
trances to bays and In constrlctcd parts of rivers, currents fre- 
quently attnln considernble velocity. In  finch pliices, as well as  
off capes and wherever strong currents or countercurrents are be- 
lieved to exist, current observntions are desired. 

629. Looation of stations.-The location of each current statlori 
xlioulrl be determined by angles between three or iiiore objects 
plotted on charts or hpArographic sheets, nnd angles slioiild be 
taken durlng both flood and ebb. When observing ciirrcnts OR- 
shore out of slght of.1and the position of the station should be 
given by lntitude and longitude with ns iniicli prcclsion as the 
means at liand will permit. In all cases soiindirigs should be fre- 
quently made, as  these aid In identifying the station. 
630. Length of observations.-Conthous ohservntions covering 

a period of a t  lenst 2 tidal days or 50 hours nre desirnble. In 
every cnso the njm should be to secure n t  least 25 hours of cou- 
tinuoils obserrations. In places where daylight observntions only 
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are  feasible two sets of observations slioulrl be made, each coverlng 
a period of 2 days and separated by an Interval of 1 or 2 weeks. 
631. Frequency of observations.-Obserrntlons should be made 

as frequently as practicable and prcferiibly at deflnitc inteivals 
of time, as quarter-hourly, hnlf-hourly, or hourly. Near the t h e  of 
strength of current I t  Is of advantage to mnke observations every 
10 minutes or even oftener. 

532. Measuring current velooity.-For measuring the velocity of 
the current either a log line and current pole or n current meter 
Is generally used. Where dangerously swift currents prevent the 
anchoring of il bout the velocity of the current niny be determined 
by noting the lime taken by n free float to pnss R measured dis- 
tance between two ranges. Observations made by following up a 
free float with a boat are, as a rule, of little use, s h e  the station 
Is continually climging. 

639. Log line.-The log line should have a eufacient length of 
stray line to permit the current pole to attain a positlon beyond 
the effect of the disturbed watcra in the wRke of the vessel. One 
hundred feet of strny line is genernlly satisfactory. Part  of this 
stray line should be much heavier nnd stronger than the log line, 
because it Is used to lift the heavy-current pole out of water; 
A onehnlf inch rope is often used for the flrst 25 feet of stray line, 
to which is attached a log line three-sixteenths of an inch In 
diameter. 

When the log line has been thoroughly wet, I t  Is marked by 
tngs or otherwise into principnl divisions representlng knob, 
or nautical miles per hour, and secondary divisions for the tenths 
of a knot. The length of these divisions will vary according to 
the period of time that the float is allowed to run, and may be 
conveolently found from the followlng equation : 

6080- ' K= TXm-l.6889X T. 

Where K=the length in feet of the graduation representing one 
knot, 

T=~iumber of seconds during which the pole runs out. 
The log line should prefernbly he marked for an observation 

interval of 60 seconds for use with n stop wntch into principal 
divisions reprefmiling knots, each 100 feet 4 inches in length. 
Tenths of knots mill then be shown by lengths of 10.19 feet, 
which should be marked in n suitable mnnner. 

Occnsionally, ns with very strong or very weak currents; it is 
more convenient to use n shorter or a longer tlme interval. I n  
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thnt case the following formulu will glve the velocity. If L=E 
length of lirie ln feet run out durlng an interval of T seconds, the 

The log line should be measured occasionally, when wet, and 
tiny error in length noted in the record book. If the line breaks 
It should be carefully repaired and a note to that efPect entered 
into the record book. 

Velocities expressed in feet per second mny be converted into 
knots, or nautical miles per hour, by the following equaMon : 

V=FX 3600 --0.5921XF. - 
6080 

Where F==the velocity in feet per second. 
534. Current pole.-This is generally n pole or other cyllndricul 

body 2 or more inches in  diameter and from 6 to 20 or more feet 
In length, according to the depth of cument to be measured. The 
pole may be uinde of wood or of sheet metal, and in either case 
I s  to be weighted n t  oue end so n s  to flout \-ernc%lly with nbout 
1 foot out of wnter. The weight of lead or other materfal reqnlred 
inny be estlmiited from the followiiig equ:ition : 

w=64 ?x( 1,-1) -w, In pounds. 
Where @=pounds in 1 cu. ft. of sen water. 

r=ntdius of pole, in feet. 

L=length of pole, in feet, which Is diminished by 1 

w=weight of pole, in pounds. 

~=3.1416. 

bemuse 1 foot fs out of water. 

When a wooden pole Is used, whlk most of the lead uay be 
ti solid casting, some of It should be I n  the form of sheet lead 
wrapped around the lower part of the pole and secured by 11 

nail; for the pole will absorb water after it has been in use 
some time, as will be iiidicated by a gradual decrense in thv 
length of pole above wnter, and then by unwrapping n portion 
of the sheet lend, and Cutting I t  off, the former line of flotntion 
niny be restored. 
636. Observing with log line and pole.-Tlie reel carrying tlic 

log line should be mounted npon n stand or other support. About 
flve mlnntes before the time for observationg lower the pole into 
the water nnd allow it to run out the length of the stray line. 
On the exact time for observing, release the line and press the 
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stem of the stop watch. I f  n e c t . ? ? y  assist the b e  by hand, but 
do not pay out faster than the pole cau take it away. When 
the stop watch hus completed one minute, stop the reel and at the 
saine instant press down the stem of tile stop wiitch. Theu count 
the number of h o t s  and tenths that have run off the log line. 

SS6. Direotion of current.-For deterniiuiug the direction of tlit: 
current one of the two%llowfng methods may be used, either aloiie 
or preferably together : ( a )  bfeasuring with a sextant the angles 
between the pole and fixed objects on the shore; ( b )  noting the 
ungle the current line makes with a graduated circle called a 

687. Use of the sextant-\Vheii inemuring the angle belweeii 
the fioat and some fixed object on shore, the angle should be 
marked " R "  if the float is to the right of the object of refereuce 
and I' L " if it Is to the left. This rule should be Invariably foi- 
lowed. In uslng axed objects on shore for azfmuth, it is of utl- 
vantage to choose objects rather remote and few In number. 

658. Uee of the pelorus.-A eiinple form of the pelorus consists 
of a circular brass disk about 8 Inches in diameter graduated 
every 10 degrees, from 0" to 56Qo, clockwise. It is fmtened to tlic 
bo& so that the 0' and 180" marks fix a fore-inid-after line garallcl 
to the keel of the shlp with the 0' foiward. 

After the current i~ole haB run out the observation interval for. 
cletermining the velocity of the current, the log llne is stretched 
acro89 the center of the pelorus and the angle made by the line 
to the nearest 6 degrees is recorded. The heading of the ship 
by the Bhip's compass at the same time is noted, which, with the 
pelotvs reading, gives the dlrection of the current. 

When the log line Is stretched across the pelorus, two wgles;. 
differing froui each other by 180". are determined. In order 
that no confusion may arlse, that arc Is reud whlch is farthest 
away from the pole. This will be the forward semiclrcle of the 
peloru8, unless the pole happens to be drifting forwnrd of tlie 
beam, when the after semicircle Is read. 

689. Current meters.-All meters whose measurements depend 
upon the impact of water ngalnst u rottithg wheel or propeller. 
should be rated a t  frequent intervnls. This may be clone nt tlw 
Bureau of Standnrds or may be ncconi1)liuhed by nttachiiig the 
meter, well submerged, to the bow of the boat and drawing it 
tit uniiorm rates through stlll water. The bout is driven at vari- 
ous speeds over a measured course nnd the number of revolutions 
of the meter per second is noted. A rating curve may then be 

PdOl7 lR  
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drawn by plotting on cross-section paper the speed in feet per 
second as abscissas and the revolutions per second as ordlnates. 
With all meters sent nut from the omce rating tables will be fur-  
nished. 

540. Use of onrrent meters.-In smooth water measurements 
with a meter may be successfully niude within D. foot of the sur- 
fnce. I f  wives exlst, the  measurements Should be taken at such 11 

depth that the flow alppears to be practically steady. 
If the velocity is to be determined at a depth of only a few 

feet below the surfnce, the meter may be attached to a pole; if n t  
ti considerable tleptli, it  iiiust be suspendcd by a strong slender 
cord or cable, and to the lower extremity of the meter sufficient 
weight should be attached to keep tlic nieter in a nearly horizontal 
position. 

When using n metcs which measures velocity only, a current 
pole should be used for determining the direction of the current. 
Care should be taken to make the average depth of t h e  resisting 
surface of the  pole about equal to  the depth at which the meter is 
suspended. Another method for  ascertaining the direction of the 
current at the depth of the nieter is to suspend u heavy body of 
suitable specific gravity to tlint depth, the posltion taken by the 
sospending wire Indicating the direction of the stream. 

Photostat copies of instructlons covering the ciire of current 
meters may be secured from the omc!. 

541. Kind of time used.-Slnce i t  is desired to  determine not 
only the velocity and direction of the current, but also the timr 
of niasimum nnd miniinurn vclocitles, correct time is essential. 
The record should clearly s ta te  the kind of time used, whether 
stnndard time, mean local time, or apparent local time. I f  stciutl- 
nrd time is used, ns is geiiernlly the case in coastal waters, the 
strindard merldian should be spocMed. 

542. Checking the time used.-The time used should be checked 
frequently ; of the observer can readily consult a relinble clock, n 
time compnrison can be mntle euch day. A note In the colu~nn 
of ilemarks of the record book should s ta te  the observer's time 
when the  compnri8on was niade, the correct time, ant1 whelht*r or 
not the observer's time mas correctetl. 

IP the time is obtained from a noou inark or from sextant ob- 
serrntlons upon the sun it can be reduced to  local mean time by 
applying the equation of time. Locnl mean time Lv reduced to 
stnndnrtl time by tdtling n number of minutes: equnl to four times 
the  number of degrees ivhlch the  stnndard meridian i s  to  the enst- 
ward of the lncnl merldinn. 
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In localities having a water horizon, the time of sunrise or 
sunset (using the upper limb of the sun) eliould occasionally be 
noted in the column of remarks 

645. Record of observations.-The form of record book now 
available for current observations is numbered 270, and all i t e m  
called for should be filled in as completely as possible. Particular 
attention is directed to the items at the beginning of the record 
calling for the deviation table and information regarding the klnd 
of time used, location of stations, and description of current 
npparatus used. 
644. Reduction of observations.-The method used In reducing 

any given series of current observation, other than by the hw-  
monic gnalysls, depends on the type of current under dlscussion. 
I n  the inland waters and close inshore along the coast, both on the 
Atlantic and the Pacldc, the currents are of the rectilinear or 
reversing type. Offshore, on both coasts, the currents are of the 
rotary type. But whereqe on the Atlantic coast the currents show 
practically no diurnal inequality, the Pticific coast currents, both 
of the rectillnear and rotary types, show considerable diurnal 
inequality. The method of reduction of each of these types of 
currents is outlined below. 

646. Atlantio coast rectilinear currents.-Where the current has 
a distinct period of flood followed by a slnck and then by a 
period of ebb current, the observutions should be plotted on cross- 
section paper, taking the hours of the day ns absclssas. Two 
curves will then result for each day, one the curve of velocities 
and the other the curve of directions (azimuths). From the 
smoothed curves there is then entered on Form 451 the times of 
slack and strength of flood nnd ebb, together with the velocltiee 
and directlons pertninlng to them. On the Same form, under the 
heading '' Moon's Transit or H. W., L. JV.," there is entered the 
times of tide, predicted or observed, at some nenr-by station. If 
no sntisfactorg tides be avnilable, the times of the moon's upper 
rind lower transit may be used. The tidal-current or lunl-current 
Interval for each element of the current Is then entered in the 
proper column, and a mean value from the whole serles of obser- 
vntions derlved. 

548. Atlantic coast rotary currents.-Offshore the currents do 
not flow in one general direction during the flood and in an oppo- 
site direction during the ebb. Ingtead, the direction of the cur- 
rent changes continually at an average rate of about 30" per hour. 
'In reduclng a series of observations of this type of current, the 

13027"-21-13 
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observations are plotted on cross-section paper, as indicnted for 
the rectilinear currents. In addition, the times of high and low 
water, predicted or observed, a t  some nenr-by place, are indicated 
on the cross-section paper. The hourly velocities and directions 
of the current from three hours before to three hours after high 
nnd low wnter, a re  then entered into Form GOT, nnd the mean 
for all the hourly values found. Where no suitable tide is nvail- 
nble, the hourly vnlues of the velocity and dlrectlon of the current 
with reference to the moon's upper and lower transit from six 
hours before transit to six hours nfter trnnsit should be used. 

547. Paci5c ooast reotillnear ourrent.9.-Because of the consider- 
able diurnnl inequality found in the Paciflc coast currents, some 
modiflcation of the procedure outlined for the reduction of the 
corresponding current on the Atlttntic coast is necessary. The ob- 
servations are plotted on cross-section paper and the times of slnck 
and ebb referred to some suitable tide. But I t  will be uecessnry 
to distinguish the two high waters and the two low waters. One 
set of the current elements will be referred to higher high water 
another to lower low water, the thlrd to lower high water, and 
the fourth to higher low wnter. The tidal-current intervnls and 
the velocities of the various currents with reference to the various 
tides must be kept distinct, and the means of each group found 
separately. 

548. Paciflc coast rotary currents.-Offshore the currents on tile 
Paci5c const become rotary. In  the reduction of this type of cur- 
rent the method followed ls that outlined for the correspondlug 
current on the Atlantic coast, except that the hourly vnlues of the 
velocity and direction of the current are referred to both higher 
high and lowel: high waters and to lower low and higher low 
waters froin three hours beforc time of tide to three hours after. 

549. Weak rotary currents.-Where the velocities of rotnry CUI'- 

rents do not exceed half a kn6t, the effect of wind or river dls- 
charge will frequently completely mask the tidal currents. In 
such cases, the tabulated hourly values of the current, with refer- 
ence to the time of tide, must be resolved into north-and-south and 
enst-and-west dlrections, before mmnring for the mean. This 
may easily be done by means of a traverse table, but 1s best left 
for computatlon at the omce. 

650. WinBs.-In the open sea the effect of u continued wind is 
to cause a nontldal current, setting somewhat to the right of the 
wind in the Northern Hemisphere and to the left i n  the Southern 
Hemisphere. Near the coast, local conditions modify the above 
rule. It is therefore essential that the direction and velodty of 



NAQNETIC ODSERVATION8. 195 

the wind be recorded every hour in the record of current obxer- 
vations, so that the local effect of the wind on the curent may be 
uscertained. 

MAGNETIC OBSERVATIONS. 

561. General remarks.-For detailed information in regard to iu- 
struments and methods of observing reference should be made to 
“ Directions for Magnetlc hleasureinents ” published in 1911. 
Xew edition in preparation (1020). 
To secure the best results, particular attention should be piitt l  

to the following points : 
Be sure that all articles of iron aad steel. are roimued to a sufc 

dtstattce before beginning magttetic obeemxltione. This applies 
pnrticularly to articles ubout the person of the observer, such tis 
knives, lceys, belt und suspender buckles, eyeglasses, watch, stcrl 
in brim of stiff hat, etc. 

Be sure that the instmment i s  level and the levela 6% adficetnu>i.,ri 
before begiianiil.0 obse~*vath~is ,  eepecbllfl dn latitude and azimuth 
observations. 

Be careful to lcecp the maynefe aird d i p  tteedles dry  m d  clean, 
expecta2ly the pivot8 of tlte d ip  n6edles. 

Haqtdle the clwononieter with cam at all timm, 
552. Equipment.-Obseivers enpagecl cxclusively in magnetic 

work a re  supplied with a complete magnetic outfit, consfsting of 
theodolite-ma~netometer, dip circle, half-second pocket chronome- 
ter, and nonmagnetic observing tent. When magnetic obsorva- 
tions are to be Made only as opgortimity offers in connection with 
other branches of the fieId work of the Survey, tlie Lquipment is 
often less complete, cither n dIp circle with speclal needles for 
total intensity observations and B conipass uttachment for deter- 
mination of the mrignetic declination, or siinplg a compass dec- 
linometqr for declinntion alone. In such cases the true meridian 
is usually known from trfanmlatioit, or else tlic instrumental 
equigment includes a theodolite and tlniepioce with which the 
necessary astronomic observations cnn be made. 

655. General Survey parties working in remote regions, such as 
Alaska or the Philippines, will !n general be furnished wlth n 
compass declinometer for measuring the magnetic declinatlon. In  
connectlon with triangulation where the true azimuths are known, 
the magnetic declinntioii can readily be obtained, and this should 
be done at Intervals of about 20 mjles along tlie progress of the 
trlangulation, or ut shorter intervals where there is Indication of 
local disturbnnce. In the regions mentioned this should be con- 
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sidered u regular par t  of the work of general survey parties. The 
making of complete mnguetlc observntions, including (111) and in- 
teiiulty, will be required only when there are special instructtons. 
The declinometer may be set up directly u t  the triangulation st&_ 
tion; or if this is impracticuble because of the presence of Iron, 
lielght of tripod, o r  other cause, a magnetic stntlon may be estab- 
lished by alignment between the triangulation station m d  the 
mark. 

554. Selection of stations.-The conditions to be satfafled in 
choosing a magnetic station are freedom from present and prob- 
nble future  local disturbnnce, combined wlth convenience of RCCNS. 

A station on suitably situated public property, or property be- 
longing t o  a n  educntionnl institution, is to  be preferred, as it ls 
less likely to be disturbed. Prosimity of electric railwuys, mtiSSes 
of iron or steel, gas or  water pipes, buildings of stone or brlck, 
should be avoided. A quurter of a mile from the  first, fioo feet 
from the second, 200 feet from the third and fourth may be con- 
sldered safe distances. The station should be at least 50 feet 
from any kfntl of building. I f  any doubt arises In the aelectlon 
of a station on account of the posslble existence of locnl dis- 
turbances, two intervisible points u hundred yards or more apar t  
should be selected and the magnetic bearing of the line jolnlng 
them observed a t  both. A lnck of agreement between the  t w o  
results is evidence of locnl disturbance. .-0 

555. Description of station.-Each point occupied should be de- 
scribed with sufAcient detail to render possible its recovery. The 
descripff on should begin wfth the general locntion--enough t o  
indlcate the  park o r  Aeld in  whlch the station Is situated-this to  
be followed by measured dlstunces t o  fences or other near-by flxetl 
objects, and the mnnner in which the station is marked. It should 
include the npproxiniate dlrrtnnce nnd dfrectfon from the center of 
town or from some point which cnn be deflnftely located on a map, 
80 that a rough check on the latitude nnd longitude m y  be made. 
In case n new stntion I s  establlshed in fi  locality where observa- 
tious have been inarle before, the dlstance nnd dIvectlon from thc 
old station should be given if possible. It i s  ilwirnble to gfve ti 
rough sketch showing the relation of the  station t o  surrounding 
objects, indicating on it the direction of north (which should 
nlwnys be townrd the top of the sketch) and the direction of the 
niavks of which the true benrfngs are determined. 

566. Azimuth marks.-These marks should be well-defined ob- 
jects us nearly in the horlzon as practicable and likely t o  be 
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availnble for future use. Where a n  observing tent is used, it is 
preferable to have the mark to be used In azimuth and declination 
observations in a southerly direction, so that  i t  may be sighted 
upon through the opening in the south side of the observing tent. 
J t  rJhould be onequarter  of a mile or moi'e froiii the  stntion if 
possible, so that a srunll error in recovering the station or a sinnll 
change in the position of the marking stone would not materially 
n!Tect the azimuth of tlie mark. As uu nngle of 1' subtends an 
nrc of npproxiiuntely 1 inch ut n dishnce of 300 feet, the eflect 
at any given distance may be readily computed. 

667. Itfarking of stations.-Every station intended for future use 
should be marked in ns permnnent n manner ns conditions will 
~vurran t ,  to  asslst iu. i ts  subsequent recovery, using tlie bronze 
iiiagnetic stntion iiiarking disk whenever possible. To nvold being 
disturbed the station mark should project little, if any, above tlie 
surfnce of the groynd nud should extend 2 feet or more into tlie 
ground. 4 

668. Xeridian lines.-When a meridian line is to be estnljlislied 
the'mngnetic station should be  selected so ns to  form one end of 
the line niid tlie distance to 4nd locntion of the  other end should 
bo @veu in the description. The  line should >be not less than 
300 feet long, nnd extra precnution should be taken to secure the 
Innrklng stones ugniust future  disturbance. The uzimuth obser- 
vattons niust be inade with specinl cnre and the coniputntions 
revised before the second stone Is set. 

669. Bepeat stationa.-Where observatious are to be niude at an 
old station for the purpose of determining tlie srculnr c h n e ,  
especial eflorort should be made to occupy the precise point ut 
which the earlier observations were xuude. Ally chnuge in the 
immediate surroundings should be noted in the clescription of 
stntion. If local conditiolis have chaugefl to such nn ostent tliat 
11 reoccu1)ution of the old etation is clearly uudesirahlr, then a 
new StatiGIl must be estnaished. There mny be CIISLY~, Ilomcrer, 
iu which it will be best to reoccupy tlie old station nnd nlso estnb- 
lish a ~iew one, tis for exanrple when the old stntion, \vliile not 
satisfying the requirenionts of future availability, mny still suffice 
to deteruiiiic the secular chnnge since tlie former observations. 
When, owiug to chnnge in tlie immediu,te surroundings or defect 
of the original tlescription, it is inipossible to locnte the esnct 
spot froin the measured distances, the desired result may some. 
times be accomplished with the aid of the  bearings of prominent 
objects. Rnvlpg three well-detlned objects which mere connected . .  



by angular niciisures a t  the time of tlie former occupcition, suc- 
cesslve trials with the theodolite will serve to l o a t e  the spot at 
which those angular niensures are reproduced. 

560. Care of i n s t r u m e n t s . 4 a r e  should be taken to keep the in- 
strunient in good adjustment and free from dust. The m a y e t s  
should be touched wltli the hands as little ns possible and should 
d w n y s  be wipcd with clean chamois or soft tissue paper at the 
close of observatfons. They should not be allowed to touch each 
other nor come in contact with Iron or steel objects and should in 
tlie Northern Hemisphere be kept in the box wttli north end down. 
The dipping iieedles should be wlped with tissue paper both before 
nnd after observations nnd the pivots and agate edges cleaned 
with pitli. In  reveislng polarltg the bar  magnets should be drawn 
smoothly from center to ends of needle, as nearly parallel to the 
axis of the needle us  possible. The bar magnets should be wiped 
af ter  uslng to  prevent rusting and should not be nllowed to  toricli 
except at ends of opposite polarity. 

561. Order of observations.-When a complete iiistrumental outfit 
is supplied the observations at a fltution comprlse morning and 
ufternoon azimuth, lalitutle a t  noon, one set oP dip with each of 
two needles, two sets of decllmtion, deflections, and oscillntions, 
und angles between prominent objects. It Is desirable that  the 
rizlmutli observutions should be made at nearly equal times not 
less thun two hours before nnd af ter  apparent noon. Lntitudc 
rhservatlons sliould begin about 10 minutes before maximum alti- 
tude of the sun (npparent noon) and continue until about 10 
niinutes after. They need not be mnde when a reliable latitude 
is available. As the declination and horizonti11 intenslty ure 
usually chnnglng more rnpidly in the morning thun in the after- 
110011, it Is preferable to make the mngnetometer observations in  
tliu afternoon. They should be made in the followliig order: 
Deelinatlon, osctllations, deflections, deflections, osclllations, dec- 
lination. A t  stations far removed from a magnetic observatory, 
particnlnrly wliere the diurnnl variation is Inrge, as in western 
Alaska, it is desirnble to  make additionnl clecliuution observations 
at other times of the dny, preferably at about the times of maxi- 
mum and rnlnimum, as a control on the correction of the results 
for diurnal variation. The mean of the mnxiiniim and minimum 
vnluas of declinntion is usually n close approxlmation of the mean 
value for the day. 

'682. Thermometer.-The same thermometer must beused through- 
out  a set of fntensfty observations and placed as near the long 

0 
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magnet as pussible. Hefore begliining observations lhe thermom- 
eter should be exumfned to see that the mercury column fs not 
broken and  thrit none of the mercury is in  the upper recess. A 
broken .wlumn can usually be joined by holding the  thermometer 
in the hand and striking the wrist sharply agalnst the knee or by 
:ittaching it securely to a string and swinging it rapidly in a cirdr. 

583. Dfscrepanoy limits.-Bcfore leaving the station the coingu- 
tution should be cnrricd flu. enough to  show thnt there is nothing 
redicnlly wrong with the observutlons. Thus, In good work, the 
two consecutive sets of nxfmuth should agree within one minnte, 
and the morning and afternoon sets within t v o  mlnutes. h 
greater difference is usually due t o  lack of adjustment or level of 
the theodolite or t o  u nilstake i n  pointing on a wrong limb of the 
sun. The effect of clinnges in level of theodolite should be ellmi- 
nated by the method of observing described under " Elevation8 by 
vertical angles" (p. 00) .  In  case the difference between morning 
and nfternoon uzimuth amounts to more than flve minutes, the 
observatlons should be regmted. The two sets of declinntlon 
should not dlffer more than two or three minutes when allowance 
fs made for diurnal miplaffon. The nvernge t h e  of 70 osclllntlons, 
or whatever number is used, should not differ more than n half 
second in  the two sets, and In the deflections the two values of 
log sin '11 should not clliPer more thnn 0.00100 for either distnnce, 
when allowance is mnde for the difference of temperature of the 
two sets. When the dip result8 for the two needles difler by niore 
than flve rnlnutes ln exce8x of tlie notwcr2 diffcrcwe, the  observn- 
tions should be repented. Thus. if previous observntions show 
thnt needle No. 1 gives on the nvei'nge it clip three minutes greater 
than needle No. 2, the observatlons should be repeated when No. 
1 gfves a result rno1.e than elglit minutes greater or two mlnntcs 
less thnn No. 2. 

664. The record should be kept with u hnrd pencil (01' foyntniii 
pen) and entered at once on the proper form (not recorded 011 

blnnk pamr and afterwards copied on the foim). A11 coniputn- 
tions should be mnde in ink. The different sheets should be 
punched and fastened together In the covei*B prodded (Form 367), 
Hrranged l n  the fOiloWing order: (I) Description of station, (2) 
angles connecting the  azlmuth mark wlth other prominent objects 
nnd chrononieter correctlon on stahdard tlme (Form 441), (8) 
latitude (Form 28V, (4) azimuth observatlons (Form 266), (6) 
azlmutli coniputations (Fonn 269), (6) decliiintion (Form 37). 
(7) dlp (Form 423, ( 8 )  oscillations (D'oim 41)' (9) deflections 
(Form 59). 
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666. Abstract.-Before the record is  sent to the office the compu- 
tations shoulcl be  completed and a copy made (on Form 442) of 
the  results and also such quantities as would be needed to r~plucc~ 
the coniyutations in case the record is lost. No duplicate of the  
records is to be  made. All records must be turned in promptly, 
especially t i t  t h e  end of the calmdw yenr, in order that tFe results 
may be included in the  annual publlcntIou of results, which COYPI’S 

the calendar gear. 
666. Observations with compass deolinometer or with ffie coni- 

pass attwhuient of a dip circle arc recorded ou Form 38% Wtuud- 
nrdization observations should be inude u t  the beginning and eud 
of the season at some place where the declination is knomo from 
iungnetonieter observations. 

667. Total intensity.-Tlie toiul intwsi ty  may be deterniincd 
with a dip circle by Lloyd’s method (Form 389) when suitable 
staridurdizutioii observations Imve been niude ut a station wlierk 
the dip and intensity are known. As the determinution of total 
intenuity by this method is relative, i t  i s  necessury to  guard, as f a r  
u s  possible, agitinst auy change in  tbe niagnetism of the two 
iieedles und to use the siime weight in  the fleld as during the stand- 
urdizntlon ol)servntions. Their Dolarities ? m a t  ?icccr be reuersecl, 
therefore, and they must not be nllowed in close proximity to  the 
bar mngiiets wheu these lire being used to reverse the polarity of 
the  reguliir dip necd1t.s. Slandnrdlzatlon observations shoula be 
made n t  the beginning rtnd a i d  of the season’s work to  determine 
the intensity coilstunt. 

668. Observations on board s h i p t o n  supbourd declinntion is 
deterlnined with the staudiird compass, dip and intensity with u 
Lloyd-Creuk d ip  circle mounted on a suituble gimbal stand. The 
successful determination of declination, dip, and intensity at ma 
requires, first, that  observations should be made with the Lloyd- 
Creak dip circle at base station on shore at the beginning ant1 
end of the cruise to determine the intensity c o n ~ l a n t  for the pcir- 
ticulur Weight used at  s a  uud the  correction to the dip its tie- 
rived from the deflwtion olxervstions ; and, Necoud, tlint the ship 
be swung at the beginning and end of the crulse (and if possible In 
the higheet and lowest latitude reached) ut 11 place near shore 
where the declination, dip, and intensity ure known from shore 
observations, in order to determine the devlntions of the standnrd 
compass and the devlatioiis of dip and interisity at the dipcircle 
position. 

669. The accuracy of the results depends prlncipnlly upori the 
sucressfful determination nnd eliniiiintioii of the  effect of the  ship’s 
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magnetism. For tlils reuson observutiolis a r e  usuully mude 011 8 
or 24 (preferably 24) equidistant hendings, steaming in  a circle 
forward and back (wltli port and stnrboard helms), holding the 
ehip long enough on each heuding to  secure good results, and tnk- 
iiig usually iiot over two hours for both swliigs. Slnce a complete 
determinution of dip und total iiitensity on each of 24 headings of 
the forward and back swlngs would consume too much tinre, the 
practice has been adopted of observing deflections alone while 
swinging ship in one direction and loitded dip alone while ming- 
lug in  the opposlte direction. Besidcs the total intenslty derived 
from the  coinbination of these obscrrntions, a value of dip on each 
heading results froni the deflection observations, since the ms- 
pended needle Is deflected by nppi%ximately equal amounts hi. 
opposite directions from its normal posltlon. On each hending, 
observations with dip cfrcle are made in only one position of clrcle 
and needle, ne follows: 

0" to 75'. Circle East, Needle *Face Eas t ;  90" to 105", Circle 
West, Needle pace  West; 180" t o  255", Circle West, Needle Face 

cKas t ;  270" t o  345", Circle Last, Needle Face West. In  this way 
the observntlons with the dip clrcle can be made in ubout the 
Same t h e  as required for the coinpass observations, which nip 
being carried on at the mnie time. 

670. When instructed t o  ninke magnetic observations at sen the 
slilp should be swung u t  least once a day if possible. When clr- 
cumstafices would not permit a complete swing, results have soine- 
tlmes been obtained from observutlons on nud near the couree; 
e. g., on course one 01' two points to starboard, one or  two points 
to I m t ,  nud back on course. This requires u knowledge of the 
devlntions on those pnrtlcular headinp,  which mny be derived 
from the complete swings precedlug and following, (See Appen- . 
dlx 8, Report for 1004, pp. 192 to 107: und Fornis.364, 355, 356, 
compass, nnd 890, 301, 302, dip circle.) 

DESCRIPTIVE REPORTS. 

171. Descdptlvc report3 must be subniltted to cover all Iiplro- 
graphic and topographic surveys. It Is preferable to  h a r e  n sepn- 
rate report for each sheet, but in some cases it may bc wore con- 
venient to  have a single report cover the consecutlve sheets of a 
season's work in  one locality where much of the lnforn~ntion is 
common t o  the different sheets. 
(a) The descrlptlre report should not be in the form of a letter, 

it should not be a journal of the work, and i t  need not contain any- 
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thiug about the uiorements of the par ty;  it should be entirely 
distinct from the senson's report and should give the date of thc 
instructions under which the work was  done. 

( b )  It should be  hended "Descriptive report to accompany sheet 
(insert number and title of sheet or  sheets)." Writing niust not 
be nearer thnn 1 inch to  left edge of paper. 

(c) The descriptive report is for the purpose of supplementing 
original 81ieot9, either hydrographic or topogmpliic, by in forma- 
tion not readily ahown thereon, and which mill be useful in  the 
interpretation of the sheets, In the compilation of sailing dlrec- 
tions, and in char t  construction. Preferrnce should, however, be 
given to  showing information on original sheets themaelm when 
practicable to do so, 

( a )  The descriptive report should be written concisely, omlttipg 
al l  unimportant dehil, and should be arriinged in a eystematic 
mnnner with each cl:iss of informatton in soparate pamgraphs 
under suitable underscored headings. 

(e) Bearing8 given in connection with sailing directions and 
hydrographic informntton should in general be expressed ne from 
senmard nnd In degrees, and i t  must be clearly stated whether the 
henrings nre t rue  or  magnetic. 

572. Subject heads.-No general ralwj can be lnid down, Init the 
following points mlll be suggestive in preparing descriptive reports 
RO far as applicnble to any pnrticular redon nnd nccording to the 
chnrncter of the survey made. The amount of detail to  be given 
requires much judgment; ovurmiimte details tend to obscure the 
most useful frkcts. Obviousls certain elaeses of Informiiton may 
be useful as to a iiew country previously unsurveyed whlch may 
not be necessary to give in connection with thcB resurvey of a 
well-known const. 

( a )  Ucncrd deaa'iptioti of the canst, following the geograi>hic 
sequcnce of the publisher1 Const Pilots or  Sailing Directions, nnd 
incliiding the nspect or nppenrniicc of the const on intiking the 
land; describing prominent objects, ns, on n bold coast, the bend- 
lands, peaks, etc., with their form. color, arid height; or. on i i  

flat coast, the spires, bencons, etc. Especiully describr the flrtjt 
landfall and objects iisefiil ns jwirles to nnvigntion. (see paw. 

( h )  Outllling donger.3 and islamd.3, the limits of tSde rips nnd 
brenlters, nnd their relation to  wind and tide. 

( c )  Currcntn, tidal o r  not t4dnl.-Ueneral conclusions from 
obaervntlon or other informntion. How long dom flood run af ter  

194 to 196.) 
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high water and ebb nfter low water? Does rnrrent set fnir with 
channel ? 

( d )  LaridmarkH.-DescriDtioii oP all proniiaent landmarks likely 
to  be useful to  nnvigntion or  to futurr surveying operations should 
be submitted ns directed in ~nragrtiphs 104 nnd 212. If mounttiins. 
state whether sutnnilts arc often clouclecl. Give meusurer1 or euti- 
mated Iicights of moiintaina, hills, cliffs, isletR, 01' roclm referred 
to. Dewribe iunges in \ise hy pilots nnd mean$ of identifying 
them. 

(e) Inshom dnnyer8.-Extent ant1 ntiture, lerist clopth over 
them; whether visible; if breaking, nt whit  stage of t ide;  how 
much, if any, iu bnre a t  low water ;  innrlcs or riinges for clenring 
them by dfly or night. 

(1) Burs uttd channeb.-Imst clvpth, best tlme or placo for 
crossing or enterlng, permanency of h:irs aut1 of channels ; breakers 
on bars and their extent rind with mhfit winds or tides they occur. 

( 0 )  Anohor.age8, with descriptions relative to their capncity, 
holding ground, amount of protwtion, nnd rlrcumstunces: o t  
weather under which tested. 

(h)  Change of r o n ~ t  Zim or rlepth8.-Mention any rellnble evi- 
dence a s  to recession or growth of fihnre llne or chnuge of depths. 
If a resurvey, note a n y  ImpJrtnnt t'nncts reyurdlng changes ob- 
served. Give eviclancc?, i f  tiny, of subsidwce or omergenco of 
shores. 
(i) Uaizgcr8 reportcd or slio\vn on previous chRrtR or surveys: 

I f  not found, or if inore wnter found, give i n  each c m e  detnlled 
statement of effort: mnde to And former uhoal water, and any 
Importtint evideiice ns to  the rcllnbililg of tlie previous report. 

( j )  ~ T W V C ~  vrelhode.-R:xplaln m y  ~inusunl fraturee of survey 
methods used; mention if nny piirt of the work is incomplete or 
r q u t r e s  further examlnntlon, and thewason ; slao If  any portion 
IR less relinble ; stnte the sywtem of control of tho work : mentton 
any dlscrepnncles nnd ndjustments mnde. 

(IC) N e w  placcl rrames.-When nn original sheot contatns new 
plncc nnnies, 1. e., place mmes which linve not hitherto nppenred 
on the chnrts, chtefs of pnrtlew wil\ list them In the descriptive 
reports of the sheets affected under two heads: (1) Wcll-eatab- 
liahed locnl nnnies; (2) nnnies ussigned by fleld omcera In 
other resperts t h e  instruction8 unfler the heading " Geographic 
names '' mlll he followed. Reports phculd be supplemented with 
photogmphs which will illustrnte the apparntuA used or add to 
the knowledge of the locrtlity. (See par. 602.) 
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PROGRESS SKETCHES. 

575. A progress sketch faithfully representing the extent of 
the entire season’s work should be prepured and forwarded at 
the end of euch senson. Each progress slretcli must have a 
projection. 

In  order that  the ofllce progress charts luuy bc kept closely 
corrected, a progress sketch oil trriciiig vellum showing the hyclrog- 
riipliy nud topography ncconiplislied, sliull be forwiirded to the 
oflice nt  the end of each montlt. The iiiforiuation therwn will be 
trnusferrcd to the pi’ogress chart iiiid the sketch returned to the  
chief of party for each succeeding iiionth’s work. If not other- 
wise designntcd, t l i c x  acule OS the progress sketch will correspond 
to t h u l  of the published chart showing the entire area outllnetl 
for the senso11’s \vorlS. 

((I) Progress fjketcliw should be made on tracing vellum, usiiig 
black iuk only. They inust uot be of evcesslve dliuensions, UYII- 

ally not over 18 by 24 Inches. Scales of dm, dm, or 7;obmnr 
nre recoriliiientlcd according to  the esterit uiid detail. The scale 
(Jf the slictcli WUSL be stated in the tltle. They should be draw11 
sufficiently strong to be suitable for blue printing. 

( b )  I n  tlie l’lilllppiiies progress sltctclies of general coast work 
cchould, if practicable, be on u scnle of rao$vcr ( the scale of the  
l’hillppine coilst charts) ; for hnrbor surveys 11 lnrger scab mriy 
be used if iiectlssary to sliow the triiingulatlou clcurly. The 
dtauiped tltle forill la: to be used on such skctclies, giving the fol- 
lowing information : Class of work, isluntl, loculity, scule, dates. 
clilef of pnrty, vessel. 

( c )  The progress sketch sliould give thc upprouiniute liiiiite of 
the topogrctphy by p:trallel rulcd lliies, not closely sgnced, the 
upproxiinale llmlts of the l~gtlrogrttpl~y by widely spaccxl dots, unq 
the triangulation ns ii~dicated bclow, iiicluding the various oper- 
ittioils of u &Ingle party for oiic settsou on one 6ketch. 

( d )  Princi1)al trinngalation schemes sliould be in lienvy lilies, 
and bacs lines should be of double width. A line obscrved nt both 
ends Hlioultl be full throughout. A line observed at one end should 
I* full ut the obljerved elid unil broken at the other. ltccon- 
noissnce line8 sliould be dotted if shown ou t h e  sketch with 
trlangulntlori. \Vheii the hlretcli coiittlilis reconnois~uiice only, the 
linw should be full if they arc to be Observed l i t  both ends. A 
line should be broken ut the eut  from which i t  is not to be ob- 
rervctl. Old stntions rtrovered, iiicluding sylres, stacks, etc., 
should nppenr thus:  @ New stntions should nppeiir t h w :  



(e) All imporlauL poiill8 determined, including mountain penks, 
should be shown ns fnr  us prnclicnble. I h e s  bb iuter8ection sta- 
tiontl sliould bc? drawn lighter thnn those of the niain scheme. 
.k cionfusion of lines iiiny often be avoicled by indicaUng with short 
lincs rndintiiig from intersection points, the stations from which 
they were observed. All lines, letters, flgures, etc., shown on thc 
sketch should be sufflciently bold to  nialre a good blue print. 

GEOGRAPHIC NBB6ES. 

574, Distinct nnines of points, islands, shoals, i*ocks, towns, 
~iioii~itolns, etc., nre neceswrg to the intelligent use of chnrts and 
rniiiiif directions, and the surveyor should ascertain tlie accepted 
or native names, and use such names in nll possible cases. Atten- 
tion should be cnlled to  nll new iinnws of geogrnphic features ; thnt 
is, names not previously used in the  publications of the'survey, 
with a statement whether the uame is in local use, and if not, wlint 
nnme is in use, with the rcnsons which prevented i ts  adoption. 

( n )  The origiii of encll IIPW I ~ R ~ I I C  should be stated. Geographki 
fentures niust not be given the iiunies of living persons as the rules 
of the United States Geographic Bonrd only permit the retention 
of such naines in rare cnses. 

( b )  All new ~imic8 are submitted to the Geographic Bonrd by 
the office before publication iind the cleclsions and iwles of tlie 
bonrd in regard to names are to  be followed in all cases. In the 
Philippines the decisions' of the Philippines Committee on Geo- 
graphic Kame8 govern in the same manner. 

( c )  Nnmcs nlrcndy 4 n  w e  on chnrte and maps and in  the Coast 
Pilots should bc verified ; if well estnblished and npproprinte they 
~houltl  be ndhercd to, even though found to differ from tlie natire. 
or originnl nnme, especially i f  the  feature is of more iniportance 
to n:tvigatiou thnn it i s  to  the inhabitants, and if the native namv 
is nn timkward or difflcult one. 

( ( E )  Dual itnines for the fflune object lead to confusion nntl 
i ~~ronvenience, and special cnre should be tnlren to  avoid giving 
t i  new nnme to nil object alrendy nniiicd, or changing n niiuir 
rilreudy cstnblfshed. Where two names are in use it should be 
awrrtnined which is the more appropriate nnd the iiiore ac- 
ccl)tal)le to  tlic people of the locnlity; and report should be made 
giving the authorities. 

(e )  For such objects as rcqulre then], and for which ac- 
knowledgod names cnn not bc found, names should be recom- 
mended, selecting us far as iwncticnble desipnntions thnt convey 



soiue ides of the forui, charncter, productions, or tmditions of thc 
place, or some clinrncteristic of ib inhnbitants ; convalence of 
length of word and pronounciation xhould also be coneldcred. 
Iteporl should be mnde of nnmcs so recoiuniended. 

( f )  I n  new applicntions of the  ternis “shonl,” “bank” nnd 
* (  reef”  to  forms of secondliry size uiitl llruited extent, but c1e:irly 
scpnrnted from the surroiincllng bottoni by n sttwper slope, the 
following tlistinctIons should be mntle, but these terms nlrendy 
in use should not be changed : 

Slroal should be npplied ouly to ureus on ~vlitcli there is a depth 
of 0 fathoms or less. 

Bun.7~ should be employed for areas oP g r a t e r  depth. 
.% reef Is almnys rocky, nlid the term should not be used whm: 

there is more than 6 fathoms n t  low water. 
( 0 )  Where the  native nnmes uscerhined hnve not tin estab- 

lished t?rlttcli form, they should be spelled neeording to  the fjystem 
of t h e  Geographlc Bonrd, as follows : 

(h)  The tiwe sound of the word nn  locnlly pronoiinceil is tnlien 
HS the bmis of the sgelling. 

(i) An npproxlmntlon only to lhe sound is ninied at. .4n 
attempt. to represent clellcnte Inflcctions of muiid and ticcent woiilil 
often result I n  forms of words too coiiipllcuted for use. 

(1) The vowel8 arc to  be pronounced lis In Italinii nnd 011 tiit! 

continent of Europe genernlly, uud the consonnnts as In fiuglhh. 
(L hns  the sound of a i n  fnllier. Esninplcs: .Tnrn, Buiinnu, 

Somali, Carl. 
c hni; the sound of c in men. Exnrnl)lerj : Tel el Kebir, Mediiiu, 

I’erU. 
c hns the sound of i In ravine, or the sound of ee in beet. Ex- 

uii~plcs : Fiji$ Ilindi. 
o hns the sound of o in mote. 
u hns the sound of 00 in boot. 
n i  hns the sound of i in ice. 
au hns the sound of ow in how. 
(10 is slightly different from above. Esnruple: Nnnno. 
ei hns the sound o f  the two Itnlinn vo\vels, but Is ficquetitly 

slurred over, whcn I t  IH scnrcely dlstlngnishnble from froin ey in 
the English they. 

c is nlwnyg soft und tins nenrly thc. sound of 8 ;  hnrd c‘ Is given 
by 7;. Exnmplc: Celehes. 

ch is nln-nys soft, ns iii  church. IExnmgle: Chlngchlii. 
f as in Riiglish; p h  should not be used for thls sound. Thus, 

nxnniples: : Umnuk, Ung. 
Exiimple : ShnnKhni. 

Exnmplc: Fuchnu. 

Examples : Belrot, Beilul. 

not Huiphong, lint Hnifong. 
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g ia nlways linid (soft g is given by j ) .  
R is alwnys pronounced when Inserted. 
j us in English; clj should never be used for  this ROUUd. Ex- 

k LIS In English. It should iilwayti Iw usctl I'or the hard (e. 

kh  hns tlic sound of the orientnl guttural. ' 

g h  is iinother gutturcil, 111: in the Tnrlrish : Dugli, Bhuzi. 
ng has two sllghlly different sounds, n s  in finger, singciCl'. 

18~111nple: (hlhpng0H. 

iiinples : Jnpun, Jinchuen. 

Thus, not Coreti, but Koren. 
ICsuin1)lc : I<bnii. 

should IIPVW be cniployed : q 7 ~  is gireii by kir .  Exumplc*: 
KwnnHung. 

11, d ,  I ,  mi, 9 1 ,  p ,  v, Y, 1,  'v, 10, E, and z as iu mnpllsh. 
?/ is always a consonnnt, ns in ynrd nnd should not be used for 

the Vowel 1. Thus, not hllkindany, but hiikindani. 
All Towels are  shortened In sound by doul>ling thc followiup 

ronsonnnt. Exuuiple~ : Yarra, Tnimn, Jidda, Borinl. 
noubling n vowel id only necwsai-y where there 1s n distluct 

rcpctition of the single sound. 
Accents shonltl not, generully, 1 ) ~  I I H C ~ ;  but where therc is n 

very decided euilihiitic syiliiblc or W c s s  which affects the sound 
of the word it should bv m:trlwl by i m  ucute accent. I3x~mples: 
TongatBbu, Gnlfipngos, P:ilfin.nn, Bitrhwnk. 

(IC) I n  the Phtltppiiw INlniids, In tr~~iiulstliig iroin Sl)nliish into 
Englisli iiouiis wllirh i t  I*I' couil)i~ii~tl \villi geogrripliic names, thr 
following system shoultl be follonwl, except in speclfic inntnnces 
where u din'ewnt l i ~ n m  hns nlreatly hcen estnbllshcd : 

River, island, bail, p o t t ,  nntl lrrtll nibe to follow the proper iiamt'. 

Exnnqilt. : Nuuhm. 

. & f O l l ~ l t ,  / ,Orf, lllld CtflJC IITI.! 1 0  1)l'cWdP Ill> pl.Ol)er Ilnllle. 

Rio Un??rde is to be triinslntc~d simply r iwr ,  unless these words 
form the speciflc name of n strc:un. 

ADDITIONAL INSTRUCTIONS. 

675. Completion o f  Aeld tesults.-IL ~ l iou ld  be the uiiii of a chief 
of party to turn in field records, computcitions, and slicots In n 
completed condition, nfi far n s  circumstunces may permit. A l l  
records nntl rrsults iiiust be transniittctl 11s cnrly 11s pruclicablc~, 
nnd in niiy event before the eomuieuceulent of mother  season's 
wo rlr. 

578. Records in general-All r~co1~1s  sl~oriltl be Irejit in n sys- 
temntlc mnnner on the striiidnrtl forins 111: fur 11s Iirovided. They 
must be sufllriently (1iatlnc.t i i i i t l  v1e:tr l o  nwid t i l l  clmicc of mis- 
iindersl iinding. pnrtlculnrlg uuinhm iniwt I)P wrl l tw plnioly. Ex- 
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plunatioii must be giveii wherever iiecesuary so that  the record 
inuy be intelligible to one not familinr with the field work. 

577. Orlglnnl rocortls sliould not be inatle on loose sheets of 
pnper to be copled aft'torwnrds into the regular form of record book, 
but should i l l  all cii8es be mnde nt  once in the book whlcli is to be 
t r:unsiiiltted to the oficc, and iiiust be couswutiw nnd continuous 
i n  the order of time in  which the obsprvntiony nre mnde. 

678. I~rns i ircs  shoiild not be intitle iii origirinl records. Where 
A I I  cri-or is discovered, d m w  II line throng11 i t  and write the cor- 
vected fljgires above or to olie side. 

579. Originril rrcortls in pcncil mist not 1w inkctl. I'encils softer 
t l inn So. 3 should not be used i i i  mtiklng records. , I t  is prefer- 
nlile, but not essentinl, to make origliinl records I n  itik. 

580. The duplicallon of records i s  usunlly to be nvoirled, except 
in Cases where culled for in the genenil or specific instructions. 
The requirements nre  specified under each head. The functiou of 
duplication is the  insuriince agiiinst loss i n  trimsmission, iind tlils 
slioiild be kept In vlew In declding special cases. 

681. Records or coi~ipiit:itions sent by mnil are to be wtll 
\vtippecl nnd registered. When there is duplicate information (in 
w11:itevor form) i t  slioulrl 1101 he forwarded by the sanie iuuil 11s 
the originnl, and in genenil should not be kept in the posscssion 
of the  observer any longer thnn necessary af ter  the completion of 
the work. 

582. Computations in general.-Coiiil)ulRtions shoultl be kept up  
tlurlng the fleld work as fnr as prnctictible, and at least far enough 
to show tha t  the observations are sufficient und tlie rerord coni- 
plete. 

583. Coniputntion? slionlrl be trnnsniittetl to the ofnN! prom1)tly. 
as soon as rensonnbly complete. I n  no case sliould compututiona 
he held wlth the Iden of mnkirig tlieiii perfect in the field, :is tlie 
flnnl rawision of the computationg is the functlon of the omce. 

584. All  cornputittion< c nu st be In :I iient rmil orderly form, uiid 
complete, so n x  to he rcndily intelligible to others. Every iiiipoi-- 
tnnt operntion must he shown. 

585. StnnAard forms for computatlons should be followed whw. 
erer practfcahle. 

688. Every computnHon n)iwt show by Wiom mnde tint1 by who~tr 

587. Pi-olwr tltles ulioiiltl lie wrlttcw 01' pnsted 011 ench culiier of 
coniputatlons, gfring nll cssentiiil information, :IS kind of work, 
locrility, date, observer's nnine, comgutclr's mnie, etc. Pi*lnterl 
labels lire avnllnhle 1 ( 1  r w t r  ordintiry reqnlrements. 

(.li~clted. * 



688. No writing should be plawd within 1 inch of thc. I)inding 
margin of the sheets. 

589. Information affecting navigation, reports of dangers, and 
changes in  aids to navigntion.-( Set. pin's. 374-102.) 

690. Suggestions and recommendations of . I  tlc.f\nitc c81i:iriic*tel' 11rL' 

inviteil lis to s ~ r v ~ y  iiicthods 01' iiistiQiiiiirnts, t w t l  o f  s u r ~ c ~ y s  or 
charts in any pnrtlcniiir locnlitg, cconomirs in work, jtnprovenient 
or correction of chnrts or other piihilciiti~ii~, iincl concerning riitls 
io Iluvig~ltioll. 

691. Maps, charts, and sketches (or c o p i v h  of qiem) c*oiittiiniiig 
itiformntion as to geogrnphy, topography, or 1iy)lrography likely 
to bc of value to  the Surrey wlioultl I N *  o1 ) tu i i~ i 'wh~w l)i*iicticiil)l(h 
:ind formarded to the offlce. 

692. Photographs.-Pliotogr:ii~lis illustrutive of the geogrnphic 
itsntures of new regions visited nrc desirable-more esprcially 
views froni seiiwnrtl of iitip~rtiiiit lent iires of the coiist, hnrbor en- 
trniicw, nnd pronrlnent Iiindiniirks. 771cn~~ I l l i i~trat i i~c of snrvey- 
ing operiitions, or of the people of the region, may ulso be of viiluc~ 
wlicn unusunl. Tlic following infor1ii:itloii slioultl acconipiiny 
every photograph : Subject. locality, position froni \vliIcii tnlren 
( i i i i  exact location for views of iiiiportuiit const f(w1urt.s is &.sir- 
:iMe), dite ,  and  by whom taken. 

693. A11 negntives worlli preserviition taken with supplic* unci 
outfits furnished by the Survey urc to bc trnnsniittctl to the oflicr. 

694. In the Tropics, owing to cliiii:itic coiitlitioii\, pliites untl 
tilms should be especl:illy ciired for, ilsetl 11s fresh t is  prtictid)le, 
und tlevelopcd soon ufter rxTosurr. If noceswry, 11iiy sholliti br  
forwartlctl for drvcIo1)iiieiit. 

695. Specinl effort should be rniide to 1)rotrc.l lllutrs I I I I ~ I  n l ~ s  
from being fogged or light struck. Orthocliro~iii~tlc plntcs lire rec- 
ommended. 

596. Care of instruments.-I'rol)er c'iirc of iiistriiiiiciits i.; iiqwr- 
tunt in 1111 classes of surveying work. The otncer using the Instru- 
t t i ( w t  slioul~l personrilly see tlrict i t  is Itcq,t 111 good order und not 
leave this to iiiiyoiir eisr. Iiistrunients in good condition nnd lid- 
justment ure esscntiiil to gootl work. 

697. The iirc of 2 1  srxt:uit iiiiiy bc cieiined by wlping lightly with 
(4i:irnoIs skin or u soft rag dipped in  w n l r  ~ i ~ ~ i ~ n o n l r ~ .  Nclvcr polish 
the arc with puper or cloth, n s  this is linble to deface the griidii- 
ntion. 

698. Souiitliiig wire, vven wlieii gulvcii~li.ed, is subject lo rust if 
not well cured for. The reel should be wrapped urountl with oiled 

13027 -21 --14 
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cloths and well covered from rain. When tlic souridliig iiirichiue is 
idle for u short period tho wire should be dried by running through 
cloths, and olled, and this should be repeated once n month u-lii~ti 

the niiicliiue is not in  use. 
599. All surveying instruiiients sliould be cleuned from t h e  to 

time. Surfnces that  are liuble to stlck together when left in pluce 
for a long tiim! should be iiioistened slightly with oil or tnllow 
af ter  cleansing and before asscmbllng : this applies to the cells 
holding object glasses. 

600. Pnrticulur care sliould be t d m i  ,)f itivrtr ant1 stecl tcipes, 
steel parts of drawlng lnstrunients, etc., tis :ill steel instruments 
a r e  subject to rapltl deterioration, particu1:irly on boiird ship or 
in u tropical cliinate. I n w r  iiritl steel tcipes sliould be clenned and 
oiled af ter  use, and the chief of piirty should make sure that they 
itre curefully handled at nll tiiiies; special care is rcquired In reel- 
ing tnpes. 

601. A lens may be dusted with u camel’s-huir brush, uiid when 
iiwessury may be cleaned by rubbing gently with soft tissue puper, 
first moistening the glass slightly by breathing on it. A lens 
should be examined occasionully to see that It is tight In its cell. 
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