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PREFACE 

For use in the h.r.drogr:ipliic wilrk (-if thc S n r ~ y  the n i ~ d  hils 
been felt for so1118 t’iiiir fijr :r title gfiiige more p~t:il:ile :uid 1ii01’e 

ensily inst;illeil than the lnrge type staiiilnrcl chist and Geodetic 
Surwy ~iiiiilel, for which n sonie\vliat e1nlior:ite pliitforiu mil th:iat 
we11 are necessary. 9 pi:irtal:ile type s inge lins lwei1 ilevised by 
the Coast and Geodetic Survey tci till this neeil. fliii:l i-levelupcd for 
iise (if bydrilgrnghic nnd tid.11 parties in obtaining tiilul i?bsi+i:\.fi- 
tions covering sliort periods of tiaie for the reduction of souudings 
taken cluring x survey, and for comparative purposes. The 
maiu objecJs songlit in  designi!ig the instrnment were gortability 
xiid ease of iust:iII:i tion n-ithout sacrificing the desired accuracy. 

It is the purpose nf this 1)nl.ilicntil:in to give a description of 
this portiil.ile sntoiiiatic tide gauge mirl to furnish the field engi- 
neers of the Survey iletniled instiwcliims f-ir its installation mid 
ogerntiou. 
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PORTABLE AUTOMATIC TIDE GAUGE 

By Q. T. RUDE, C‘oitrtna.9~fler, Uwited Mate8 Coast ana Geodetic 
Nzimey, Chief, Diz?i&oa of Tide8 an& Cv6t.reitt.s 

INTRODUCTION 

The first instruments or means for the observation of tides 
nacumlly were simple, the more complicated and more efficient 
instruments evolving in the manner of all labor-saving and time- 
saving devices developed by man. The earliest means of observa- 
tion were no doubt the marks left by the changing water level 
on rocky cliffs or ledges, then came the plain graduated staE, 
ancl flnally the automatic or self-registering gauge, developing, 
as always cleveloped by man, toward the end of saving to him- 
self time and labor. There are also several forms of pressure 
gauges whjch have been desigued primarily for obtaining ub- 
servations offshore where it is impracticable to install the usual 
type of gauge. The Fave “Maregraphe Plongeur”’ is an  ex- 
ample of this type. 

The earliest automatic tide gauge (fig. 1) of which we have 
record was devised by an English civil engineer, Henry R. 
Palmer. A paper clescriptive of this gauge appears in the Philo- 
sophicnl Trmr*lctioiis uf the Royal Society for the year 1531. 
This gauge was constructed for obtaining a continuous record 
of the rise ancl fall of the tide in the River Thames for getting 
the effect on the tidal regime of the river by the removal of 
London Bridge. “free (as expressed by Mr. Palmer) from the 
inaccuracies and cloubts which the frequ’ent and long-continued 
observations of individuals through nights and days must be 
liable.” 

There are inany .forms of automntic gauges, but tlie funda- 
mental principle is a simple one. A float is connected by a wire 
or tape with a self-recording pencil or pen which moves at a 
reduced scale bacgward and forward across a paper record 

~~ 

hinales Hydrographique, vols. 1908-1910, pp. 353437, and 1921, pp. 
103-237. 

1 



2 U. S. COAST AND GEODETIC SURVEY 

which is wound or wrapped 011 a cylinder.. either vertical or 
horizontal. This paper i s  moved forward by meaus of a clock 
movement, thus causing the pencil to trace a curve on the pager. 
This curve or graph is an accurate represeqtation of the tide of 
the locality. In  mother form of automatic tide gauge an ar- 
rangement for printing the, height of the water at certain in- 

FIG. 1.-The first automdtic tide gauge, designed by a British civil en- 
(From the Philosophical Transactions of gineer, Henry R. Palmer. 

the Royal Society, 1831) 

tervals of time is substituted for the curve-tracing device. The 
printing gauge, however, has not proven to be as satisfactory as 
the curve-tracing gauge for the purposes of the Survey. 

The portable automptic tide gauge, a curve-tracing gafige re- 
cently developed by the United States Coast and Geodetic Survey 
for use at places where only short series of observations are 
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contemplated, has proven to be very satisfactory for this pur- 
pose. It is easy totransport, simple to install, and gives a con- 
tinuous record of the tides without any attention from an 
observer, except for an occasional visit from day to clay. In  its 
flrst season in the field a continuous unbroken record for a period 
of eight dags was obtained from this gauge in an isolated place 
in Alaska without any attention during that period. 

GENERAL DESCRIPTION 

The special features of the gauge are its small size, its single 
cylinder. on which the paper for the record is fastened by nieniis 
of a spring clip. R single clock more- 
liient instaIled within the record cyl- 
inder, and a cast base with sleeve to 
fit on top of a float well of stock 3%- 
inch iron pipe. This pipe, in acldi- 
tion to serving as a float well, acts 
also as a support for the instrument, 
thus obviating the necessity of pro- 
viding an elaborate platfurm and 
cnmbersome float well. This feature 
renders the gauge especially adapta- 
ble for use by fleld parties, particu- 
larly h i  r e m 0  t e  localities where 
wharves or piers are not available. 
Another departure from the usual 
design of automatic gauge is the use 
of a spring counterpoise instead of 
counterpoise weights for taking uq> 
the slack of the float mire on a ris- 
ing tide. The record is traced by a 

The gauge is 11 by 10% inches on the base, and with its 
weatherproof metal col-er in place is 10 inches high. The gauge 
is fastened by means of two hook screws to the short top section 
Of the float well, this short section being furnished with the 
gauge; the weatherproof cover is secured in place by a padlock, 
so that the mechanism, is completely covered and can not be 
tampered with, which is especially desirable when the gauge is 
installed in isolated places. 
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RECORD CYLINDER 

The cylinder (A, fig. 3j on which the paper for the .record is 
wound is T inches in  length and about 6 inches in diameter. 
The cylinder is geared to a clock movenient carried within the 
cylinder so as to rotate once in 4s hours, giving a fired time 
scale of four-tenths of an inch to the hour. 

BIG. 3.-Coast and Ceddetic Somey pnrtable aotomotic tide gauge 
(without cmerl 

This cylinder rotates in such a direction that the top of the 
cylinder moves toward the stylus screw ( P ,  fig. 3). and when 
installing the gauge the cylinder should be so placed in  its 
supports tha t  the millecl-head unt (E, fig. 3) at the end of the 
axle of the cylinder comes on the same side of the instrument 
as the train of three gear w!ieels ( G ,  H, 8, fig. 3) connecting 
the float wire drum with the stylus screw. 
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Upon uiiclamping the milled-head nut (E, fig. 3) the cylinder 
niay be turued freely and the stylus set 'on the cross-section 
niarigraph paper to the nearest 10 minutes of the time scale, 
after which this screw is clamped. Then in order to  set the 
styl,us accurately to the nearest minute, the stylns tangent screw 
(W, fig. 9) is used. but whatever slack there may be in  the 
record cylinder sliould first be taken out by lightly placing the 
hand on top of the cylinder and d r m ~ i u g  it in a clirectim awny 
from the stylus. 

CLOCX IOVEMENT 

The clock is a n  ordinary eight-day movement, inoniitecl withir 
the record cgli,nder. When properly adjusted the gauge will 
operate fvr eight (lags without atteiitiou in tlie mennfi.me. The 
cylinder revolves once in  two clays and, since the lunar and solar 
clays are of different lengths, the tide ciirve traced on the record 
adsaiices snfficieutly froni one revolution of the cyliuclyr to the 
nes t  to  obviate any interference of the curve for one clap with 
that  of any succeeding day. I n  general, it mill probaldy be of 
advantage to  have a single sheet of paper serve for :about, 8 

week, with a comparative time note and staff reading once eacl. 
clny. The daily cemgnrison may Le clispeiisecl with iii cases 
where tlie gaiige can be Tisited . by tlie hydrographic party at 
the end of the week ouly. 

TIME ADJUSTMENT 

Before being issued to tlie field the clock movement is adjusted 
so that  the record cylinder, will make  a full revolution as closely 
a s  possible once in  45 hoiirrj. bl~ould the. clock get oht of ad- 
justment it niny be regulated by iii~niis of the adjusting attach- 
nient at one end of the record cyli.iides, a6 on a n  ordinary clock. 
In making this adjustment, however. the cylinder should be 
allowed ZL f d l  4S-hoat revolution nncl tlie clock movemeiit ad- 
dusted according to the amount thnt  tlie stylus fails or over- 
runs a complete revolution of the cylinder, and not for  any  
particular hour on the cross-section paper. 

FLOAT 

The float (fig. 4) is a hollow brass cylincler 3% inches in 
diameter and 15 iiiches long. Floating on the surface of the 
water in a pipe, it rises and falls with the tide, and commiini- 
cates this motion to the mechnuiwn o f  the gauge by means of a 

343ii---56--!? 
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l)hosphor-bronze wire 0.012 inch in diameter. Th,is float is 
weighted with shot t o  float with its upper end about 3% imnches 

above the surface of sea water and about one- 
half inch ahoce the surface of kerosene oil, the 
oil being used i.n winter to prevent freezing of 
water in the float well. ’ The weight of the float 
ani1 shot is nifficieiat to wind the miinterpoise 
spring on a falling tide and a t  the same time 
to acttiate the recording stylus. 

FLOAT PIPE 
The float pipe {fig. 5)  consists of a section, or 

sections, of oivlinary stock 3s- inch galvnuized- 
iron pipe, of suitable lengths for the range of 
the tide and the depth of water. The sections 
are joined by ordinary stock couplings. When 
the float pipe is installed on a pier or wharf, a 
/%-inch flange coupling, with a short section 
of 3s- inch  pipe above the deck, affords a ready 
means of supporting the float pipe, nnd the 
conical inlet cou,pling described hereafter is 

BIG. 4.--~he float screwed inmto tlie 1)ottoni of the longer section, 

B’ro. 6.-Methods of instcrllation of the portable automatic tide gauge 

reaching below extreme low mater (left sketch, fig. 5). For 
greater security, or to provide a support for the. instrument 
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in a place a t  which no wharf or platform is avaklable, an ad& 
tioiial section of pipe may be screwed into this conical iulet cou- 
pling on its bottom elid aiicl perforated with several large holes 
to allow free access of the water to  the inlet in the coupling 

T 
L 

A 

FIG. &--The conical inlet coupling (working drawing) 

(right sketch, fig. 5 ) .  This lower section rests on the bottom 
or may be driren or jetted R few feet into the mud or sand. 

When installing the gnuge in isolated localities or on R bar 
where no pier is available, the float well supporting the gnuge 
iuay be lasliecl to a single pile or net stake (riglit sketch, flg. 5 )  
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or to  three poles driven about-6 feet apar t  with little penetration 
and the upper ends brought together and lashed in the form @f 
a tripod, the float pipe being lashed iu :L vertical position a t  the 
.nl>es of tlie tripod. 

CONICAL INLET COUPLINQ 

As a n  inlet for the tide to the float pipe a conical inlet coupling 
(fig. 6 )  is furnished with the gauge. This is installed with the 

FIG. ?.--The clenn- 
fng rod (working 
drawing) 

apex (1 o w n w a r d. A qunrter-inch or five- 
sixteenths-inch hole drilled at the bottom of 
this inverted cone allows ingress and egress 
of the tide to  the float piix while damping 
the water action. The inclined inner surface 
of this cpiie facilitates the cleaning of the float 
1)ipe of any obstructions which might affect 
tlie flow of w:iter. 

CLEANING ROD 

For clenning the float pipe a weighted brass 
cleaning rod (fig. 7) is furnishe(1 with the 
gauge. This device consists of a brass rod 5 
inches lung and lys inches in diameter, into 
one end of which is screwed a point_ed brnss 
shank 3 inches long and one-fourth inch in 
diameter nnd in  the other end a small eye. 

Should the opeiiiiig in the couical inlet 
coupling l~?come cloggeil, it can be easily cleaned 
by removing the float from the ' pipe, insert; 
ing tlie cleaning rod, to  which a rope has 

been nttached, and raising nud lowering it several-times in the 
pipe, allowiug the pointed sliank to  pass through the inlet open- 
ing each time. 

FLOAT WIRE D R U f  

The phosphor-bronze wire! connecting the float with the 
mechanism, is wound on a tlireacled drum (li, fig. 3) 12 inches 
i n  circumference. This drum is rigidly fised to  that. pa.rt of 
its asle which extends toward the gear wheel by means of a 
screw (N, fig. 3): The relationship of the drcnmference of this 
drum, tlie relative sizes of the uppermost and lowest gear wheels 
(G,  G, fig. 3) of the train. and the pitch of the styliis screw (P, 
fig. 3) determine tlie scale of reproduction of the tidal curve. 
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COUNTERPOISE SPRING 

Instead of em.l>loying the usual counterpoise weight for takiiig 
up  the slack i i f  the fiijat wire nil a rising tide, a spring 15: feet 
long. 0.25 iiicli wide. and 0.01 inch in thickness is used. This 
spring is c.ni1t.d wi.tliiii the case of the ilont wire clriini (IC, fig. 3j. 
one elid fastened to the inside of the shell'of this c~rniii and the 
other end fastened til a separate esteiisioii of the nsle. This 

FIG. S.--Detail of the float wire druin 

sdisidiary :isle (111, fig. S )  ~ esteiirliiig fiwii the float wire clrurn 
in R direction opposite to  the gear wheels, is controlled by a 
mtcliet niic1',pawl (.R, T .  fig. s), so that. any clesiretl tension mag 
Le put oil the spriiig using for this purpose the dock liey 011 
the silo~l.ei1 end of the ;isle nt 4% ITigure S., 111 the latest model 
the case of the float wire c1rui11 contniiis nii oil bath for the coun- 
terpoise spring WJ ns  to d:winte deterioratioii froin rnat when in 
use in the field. 
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Should this spring be Frolien, a spare one may he installed as 
follows: Loosen screw (N, fig. 3) which holds the shaft connect- 
ing the float mire drum with its driving gear ;  then take out the 
six screws holding the cover plate ( 0 ,  fig. 8) and remove -it 
from the face of the drum. Slide the drum away from the 
standard toward tlie gear train and remove the screw which 
fastens t h  inner end of the spring t o  the fised shaft. This 
screw is slotted in its shii~ik, instead of in i t s  hentl. Take out 
tlie screw holding the other end of the spring in the clrnln and 
remove brokeii spring. Now put in the screw. which is slotted 
in its shank through the round hole in tlie inner end of the new 
spring and fasten this end of the spring in place to tlie fisetl shaft ; 
wind the spring so tllat it will fit into i t s  recess in tlie druin and 
attach its outer end in the drum cnse by means of the screw Pro- 
vided for tha t  puipose. and reassemble. P u t  about a teaspoonful 
of fine watch oil iiisicle the clrum tlirougli the charging hole, 
which is closed by one of the sir small screws (r, fig. S) holding 
cover plate in place. 

TENS1019 OF SPRING 

? 

I 

It is very important to  the proper functioning of the gauge that 
the tension of the spring be a t  its mean when the height of the 
tide is at approsimate mean sea level. Otherwise the spring may 
be completely wound before the float reaches low water. thus 
causing a decided flattening of the marigraph curve a t  low 
water ;  or, on the other haiicl, the spring may be so completely 
unwound a t  high mater tha t  it will not have sufficient tension 
to take up the slack of the float wire, thus causing a defective 
high-water record. I n  actual practice the most accurate results 
will be obtained by using the middle of the spring. The proper 
adjustment is accomplished. when installing the gauge or when 
replacing a broken float wire. by fully winding the spring. which 
requires about 3s full turns (this may be tested in each ;:luge by 
fully unviuding the spring aiid then winding, keeping count of 
tlie turns), then unwincling 19 full tuims. provided the water 
leyel a t  the ;time is at approsimnte mean sea level. If the height 
of the mater as read 011 the tide staff a t  the time is not a t  meaii 
sen level the spring is unmound or n~ouarl from the niiclclle the 
same number of full turns tha t  the water is above or below mean 
sea lerel in feet. (Care should be tnlreii that  full tiiriis a r e  
macle in each case and not half turns.) This acljnstiiieiit of the 



PORTABLE AUTOMATIC TIDE GAUGE 11 
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tension of the spring is made by using the cloclc key on the sub- 
sidiarr axle of the float wire dmni a t  31, Figare 5. 

BEARS 

A train of three gears (C, ,ET, G'. fig. 3) conneckq the asle on 
which the flont wire drum is niouiitecl to the stylus screw. These 
gears determine the height scale for the operation of the gauge. 
The middle gear ( H ,  fig. 3) is an idler which is used nn the 
gnuge for all scale ratios. The other two (G. G, fig. 3) are 
removable and, with several separate gears furnished with the 
gauge, provide for five different height scales, as follows : 

96 36 
6% 54 
96 I2 
72 74 
64 6% 

Scale 

1: ll!.i 

1:23!i 
1: 16's 

1: 30 
I: 45 

Number of teeth 

Maximum 

When installing the instrument care should be esercised in 
meshing the idler gear into the uppermost and lowest gear 
wheels. It should be meshed sufkiently to obviate unnecessary 
ldst motion, but at the same time not so tightly as to lock the 
gear wheels or to pit undue work on the float.. In the latest 
model of this instrument the positions of the idler gear for each 
scale have been definitely flserj in the design of tlie instrument, 
so that adjustment is unnecessary, other than fitting the idler 
gear-bearing screw into tlie particular hole provided for the 
scale which is being used: 

STYLUS SCREW 

The rise and fall of the. tide is communicated through tlie float 
wire drum and the.gears described above to the stylus screw (P, 
fig. 3), which rotates backward and forward with the changes 
in the tide. This screw is made of phosphor bronze and the 
screw thread has a pitch of four-tenths of an inch. A car- 
riage (P, fig. 3) for the recording stylus is moved back and forth 
along the screw bg its rotation. 
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For adjusting the stylns to the height of tlie tide, as read on 
the tide staff, the milletl-head nut (R, fig. 3) holding the upper 
gear wheel to the stylns screw is unclamped and the stylus screw 
then turned freely, without connection with the float wire clrum. 
until the stylus point indicates on the cross-section paper the 
a1)prosiniate height of the tide at  that inst:uit on the tide staff. 

FIG. O.-Dctoil of the stylus carrkige 

This milled nut is then c1nml)etl nnd a tangent screw (U, fig. 9) 
permits of setting the stylus to the exact reading of the height 
of the tide the staE The curve traced by the stylus will 
thereafter indicate on the record the reading at  any instant of 
the water level OE the tide staff as tlie tide rises and falls. The 
stylus L&ould be reset each time the record paper is renewed. 



x 

34377-25. fF.m P: 13.) Fro. lO.-Mariprtlm or tide record at Wasblngton, D. O., for the period November 24 to %%ember 29, 1924 
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RECOBDING STYLUS 

In  the first clevelogment of this gauge a pencil was employed 
for recording the tide graiih. A special chronograph pen is now 
used on the latest' model (1, ng. 3 ) .  

For the gauge on which the record is macle by pencil, gen- 
erally a No. 1 pencil will give best results. Under some concli- 
tions a Ne. 2 may prove niore satisfactory. If the No. 1 pencil 
does not make n line sufficiently heavy to be ea.si1.v read, one 
of the lead washers furnished with the gauge mag be placed 
on top of the pencil. 

When using the later model, 011 which the record is macle by 
a stylus, care should be taken that the shoe (I-, fig. 9) be prop- 
erly adjusted, so that the point of the stylus will ride over 
the spring cli,p ( B ,  flg. 3 j without catching. It. is also importapt 
that the leyel of the ink in the reservoir be kept below the level 
of the stylns point, otherwise tlie. ibnk"will flow too freely, causing 
n blurred recqrtl. If the ink fails to flow freely, the stylus should 
be cleaned by inserting the flne wire furnished for this purpose. 
Care should also be taken in using the tangent screw ('GI.', 
flg. 3 )  for setting the stylus to the esact time that the reservoir 
is not set so low that it drags on the clip, which hokls tlie paper 
on the record cylinder, as it passes over. 

A spare stylus is furnishecl ,with the gauge, and inny be easily 
iiistnlled, slioulcl the other be broken, by loosening the band (a. 
fig. 0) encircling the stylus, inserting the new one, and, while 
holding the band iu place, tigh,tening the small screw holding 
one end of this band. An estra stylus should always be kept 
on hand a t  the tide gauge. 9 supply is usually carried in stock 
in the office of .the Const and Geodetic Survey a t  Washington. 

RECORD PAPER OR XARIGRMtl 

The tidal graph is made on sheets of special cross-section 
paper 7 by 19.7 inches (flg. lo), allowing in length for a half- 
inch overlap. This record paper is wrapped around the record 
cylinder and held i,n place by the metal clip ( B ,  flg. 3) run- 
ning lengthwise the cylinder. The paper is to be placed on the 
cylinder with the zero of the heighlt scale a t  the end on which 
tlie milled-head nut (E, fig. 3) is located. The use of five differ- 
ent scales of cross-section gnper permits the obtaining of the 
tidal graphs to five reduced scales, allowing. therefore for the 
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accommodation to suitable scales of .ranges of tide from 0 to 25 
feet. The scales as printed for this gauge are those indicated in  
the description of the gears. 

The time coordinates of these sheets of paper are lines ruled 
parallel to the short edge of the gaper, with moderately heavy 
lines fonr-tenths of an iiich apart for the hours and with lighter 
lines subdividing the hour spaces into sir equal parts for 10- 
minute intervals. The hour lines are numbered. through two 
!?&hour periods, thus providing for the 45 hours of a cuinplete 
rotation of the cylinder. For the height coordinates the sheets 
are ruled with lines parallel to the length of the paper, with 
moderately heavy lines for the footmarks and lighter lines for 
subdivisions uf two-tenths of a foot. The smallest scale, how- 
ever, for a tide of 25 feet. is subdivided into one-half foot only. 
instead of the two-tenths subdivisions on the larger scales. 

TIDE STAFF 

In order to  hare tlie tide curve near tlie middle of the niari- 
gram. it is necessary iu setting tlie coinparative tide stnti to so 
fis it in place that tlie gradnation on the tide staff correspond- 
ing to the middle scale readiug of the marigraph paper will be 
a t  approsinate iuean sea level. If a portable staff is used. the 
support should be so Bsed in place as to attnin this object when 
the staff is in position in the guides. 

An ordinary flsed tide staff may be used for connecting the 
marigrapli curve with the actual height of tide when the gauge 
is maintained a t  SI station for a short period of time. If the 
station is to he operated for a considerable period, a portable 
staff should be installed. 

A substantial portable staff, which will maintain a fixed zero 
over long peiiods. has recently been developed by this bureau. 
The staff proper consists of n graduated board tliree-quarters of 
an inch thick, 1 inchcs widc, and from 12 to 16 feet long, hinged 
in the miclclle for ease in handling. The staff support, which is 
Axed permanently to a wharf or pile, carries the metal guides 
into which the staff is iuserted for the readings. For accurate 
readings the wave action is damped out by a glass tube of one- 
half inch bore, partly closed at the lower end and attached to 
the staff by spring clips. 

To counteract the effect of buoyniicy and to hold the zero of 
the portable staff at the same fised position when the staff is in 
place in the guides. a device has Been clereloped consisting of 
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a plate, bearing a pointed, grooved stud, securely fastened on the 
top surface of the supwrt. A stop, carrying two spherical-end 
plungers which react against brass springs, is fastened t o  the 
staff at an esact footmark. As the staff is inserted in the guides 
nnd lowered to position the pointed stud pushes these pluugers 
apart until the stop rests firmly 011 the sent formed by the plate 
011 tap of the su1)port and 
bearing the stud. When it 
reaches this position the 
plungers map into the 
groove ancl securely hold the 
staff downward against the 
effect of buoyancy of the 
water acting on the staff. 
A sharp jerk upward of the 
staff i s  suficient to detach 
the plungers from the stud 
nul allow the staff to be re- 
moved from the guides. 

I n  maters infected with 
teredos the staff support 
should be entirely sheathed 
with sheet copper. 

COXPARATIVE STAXP 

A rubber stnnip is fur- 
nished for the use of the ob- 
server in stamping a check- 
tide staff reailing on the 
marfgram a t  each visit to the 
gauge. It will ,be noticed, 
however, that  compnrative 
readings are not intended 
with this type of gauge to 

FIG. 11.-Side and front views of port- 
able tlde staff and support (upper 

‘half) 

correct the recordetitides. Each time the stylus is set it should @e 
made to read accurately with the staff reading, either when chang- 
ing the paper record or when necessary for any other reason. 
W h a  placing the impression of the stamp on the record pawr N 
should be placed near the top or the bottom of the record and 
carry the clnte, correct time, ana staff readhg. To indicate 011 

the tide curve the exact place to Which the stamp refers, the 
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hand should be placed lightly on top of the record cylinder and 
the cylinder moved slightly toward the stylus screw and back 
agaiu to position ; the hand should then be placed lightly on the 
float wire clrum and the top of the drum niored slightly riway 
from the styliis screw so as to raise tlie float 21 little out of the 
water and, back again to position, thus causing the stylus to 
make a horizontal line on the marigram for the height aud R 

vertical line for the time. Xear the right angle thus macle no 
writing should be done, escept the date. in figures, agreeing with 
the date on the stamp to which it refers. thus, Xth, 25th. %th, 
etc., without year or month (fig. 10). A light line connecting 
the comparative stamp note to the point of the tide curve to which 
it refers, as indicated by the right angle. may be helpful in inter- 
preting the record, especially when the same sheet is left on the. 
gauge for several days. 

IMSPECTIOM AMD CARE OF GAUGE 

I f  practicable, the gauge should be inspected every day, 
although when properly adjusted it functions without interrup- 
tion of the record for a week. Reports f r o u  flelcl parties indi- 
cate that in isolated localities where daily inspection has been 
iniprncticable the gauge has functioned satisfactorily for a meek 
mithout attention in the meantime. 

The paper record should be changed by the tide observer at 
the intervals specified by the officer in charge of tlie party. 
When Changing the paper care should be taken to inark correct 
tiiue and staff readings at the end befnre tlie finished record is 
taken off. After the new record sheet is placed on the cylinder 
an  entry of the time and staff reading (made at the exact time) 
ehould be made at the beginning of the uem record, using the 
comparative stamp furnished for the purpose. The entry "Rec- 
ord begins " shoulcl be ina'de a t  the beginning of the curve when 
starting the uew record: and when the marigram is talreii off 
the entry " Record ends " should be made. These notes may be 
niacle near the correspunding time notes. (See fig. 10.) The 
clock should be wound every time the record is changecl. 

The float mire should be inspected and not allowed to foul on 
its drum A kink in  the wire will cause it to brenk easily, and 
it should be replaced as soon as a bad kink is noticed. .A spool 
of this wire should always be kept at the tide station. "If the 
supply runs low, a iiew spool shoulcl be requested from the office 
immedia telg. 
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Il'he ball bearings in the jouriials # I f  the stylus screw are of 

steel, and will corrode quickly, pnrticiilarly in damp weather, 
unless they a re  kept well oiled. It is very important to the 
proper functiming of the gauge that these bnll bhnring juunlals 
wwk freely, so that a minimuin amount of work may be put (111 

the float, which is of small cross-section. Once each week a 
drop of fine match oil should be piit on these ball bearings. A 
supply of this oil is furnished with the gauge in the reservoir 

Tlie stylus screw should be kept clean and free from grit or 
(lust. A slight flattening of the tidal graph at high and low 
water is an indication. that the stylus screw needs cleaning. 
This is accomplished by washing the screw with gasoline, glac- 
ing the stylus carriage in Tarious positions along the screw 
while doing so, nnd wiping dry afterwards with a piece of 
clieesecloth. The screw should then be wiped with a clean piece 
of cheesecloth, clnq~ened with a few drops of fine watch oil. 
Oil should not be poured nor dropped on the stylus screw, since 
it tends to collect dnst. 

. installed on the plate of the base of the iu s t rken t .  

QENEBAL SPECIFICATIONS 

Base (C,  fig. 3).--Tlie base of the instrument is l l ' b g  10% 
inches, cnst brass, rihbetl to central socket for setting and lock- 
ing upon 3y&inch standard water pipe. The top, face, edges, 
and inside surface of the socket are machined. 

Float pipe ( D ,  fig. 3).--6 short section of standard 3S-inch 
water pipe 7 iuches long is fiirnishecl with the gauge. This 
short section of pipe is threaded at one eiicl and the other end 

. machined to fit freely and snugly into the socket in the base. Two 
small rectangular holes are machined in the unthreadecl end 
of this piece of pipe to take the screw hooks for securing the in- 
strument t o  tlie float pipe. 

Record cylinder (A, fig. 3) -The recwl  cylinder is a hollow 
brass cylinder G.1OS inches in diameter and 7.00 inches iu length. 
This cylinder is carried in brass bearing standards mounted upon 
the base. The record cylinder is truly 'cylindrical and the outer 
surfnce coucentiic with the asis of rotation. The cylinder is 
I,~aln~lcecl after tlie clock is assembled, 80 that  there mi l l  be no 
teaclency t o  variation in the time of rotatioil clue to changing the 
loacls on the clriviug clock by reason of lack of bnlance. In  
quantity groduction of these iustivments all cylinders are inter- 
changeable in the standards of the clifferent gauges, so that spare 



18 U. S. COAST AND GEODETIC SURVEY 

cyliiiders with their clocks installed may be furnished to field 
parties. 

Clock.-The .clocli is a high-grade eight-clay movemen,t, rotating 
the drum exactly once in  45 hours. If  any moremelit is substi- 
tuted in cluilntity production other than specified i,u detailed 
specifications, a saiiiple is first submitted to the United States 
Coast and Geodetic Snrvey for esamiiiatiou and approval. 

Stylus screw t F .  fig. 3).-The stylus screw is mounted in the 
standards pf the record cylinder on ball bearings, and is made 6f 

phosphor bronze 0.433 inch i n  diameter with scwire thread 0.4- 
inch pitch aiicl O.04-iuch depth. The thread extends the entire 
length of the screw between bearings .and terluiuates in two 
square circular grooves a t  each end to accommodate the pins in 
the stylus carriage when the end of travel is reached. The screw 
is truly coiiceutric with the bearings. 

Stylus carriage (P, fig. 3).-The stylus carriage is u brass sleeve 
sliding freely but iiot loosely on the stylus screw. This sleeve 
is fltted with two steel pins which engage in the thread of the 
stylus screw to provide lateral motion. A suitable arm aiicl holder 
is provided to hold a stylus. A shoe (Y, fig. 9) is also provided 
to lift the poi,iit of the stylus over the pager-holding clip of the 
record cylinder. 

Stylus (1, fig. 9).-The stylus is a glass siphon chronograph 
pen. 

Qears io, If, G', fig. 3).-The gears for changing the ratio be- 
tween flout mirc druni and the stylus carriage are of brass, 
4O-diametrical pitch, of the follomiiig sizes : 96 teeth, 1 required : 
72 teeth, 2 required; 84 teeth, 1 required; 54 teeth, 1 required: 
38 teeth, 1 required ; and 78 teeth, 1 required. 

The gear spacing-on the bearing standards are such that, while 
the gears run  freely, there is no a~preciible lost motion. 

Float wire drum (K, fig. 3).-The float wire drum is of brass, 
1.1 inches wide and grooved with a rouiicl bottom groove of 2Y 
pitch in which is n70und the bronze float wire which is 0.0126 
inch in diameter. The effective diameter of the drum is 8.501 
inches, so that each revolution will ,take up 12 inches of the 
float wire. Apecess is provided in the drum to carry the spring 
for taking up the slack of the float mire. An oil-tight cover 
plate (0, fig. S) is fastened over the spring recess.' A sniatl 
quantity of 'match oil is inserted after the gauge is assembled so 
that the spring mill operate in :in oil bath. This'cover plate fits 
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fliish with the inside of the rim of the clruni so that there will 
be no edge to' catch the float yire drum spring. The shafts on 
which the float wire drum is mounted are of steel, heavily 
iilcliel-plntecl all over to prevent corrosion, as are all other steel 
karts. 

Float wire drum spring.-The spring which is inserted in the 
drum to take ap the slack of tbe float wire on a rising ti& i s  
of thin spring steel 1s feet long, seven-sixteenths inch wide, 
aud 0.010 inch thick. This spring i s  fastened to the shaft by a 
thin oval-heacled screw slotted in the stem instead of the head. 

Fair leader.-A bras9 fair lender to act as a guide to the doat 
mire is mouuted on a brass.arm estending down tiiside the short 
section of float pipe. 

Float wire.-The flont wire is phosghor bronze, 0.0125 inch in 
diameter. 

Float.-The float is a hcllow bruss cyliuder, 3.25 inches in Jiame- 
ter and 15 inches long. tapered at ends and weighted so that the 
top will float 1 inch above the surface in kerosene oil. 

Cover.-A strong galvanized-iron cover, No. 14, B. & S. gauge, is 
provided for weather protection. This cover is locked to the 
base by two ma11 high-grade brass paclIocks, the kegs of which 
are interchangeable. 

Conical inlet coiipling.-.% coiiic:rl inlet couplhig of brass is fur- 
nished with the gauge (fig. 6). 

Cleaniug weight.-A lmss cleaning weight (fig. '5) for freeing 
the Wet  coupling of foreign matter is fiirnished with the 
gauge. 

Finish.--The iustrunieiit is fi,nisbed with black baliing enamel. 
carefully baked on and evenly and neatly applied. Varnished 
surfaces are lacquered with Bakelite lacquer, tinted slightly 
yellow with picric acid. 

PaoMng case.-ThF whole of the instrument, with its cover. 
float, &e, conical inlet coupling, cleaning mcight, and other 
parts, is packed in a strong case so that it will travel safely in  
shipment. The case bas three coats of Hhellac on the inside; 
on the outside, two coats of shellac, and two coats of high- 
graae blue-gray lead base waterproof p a t .  All outside edges 
and corners o f  this case are rounded with one-fourth inch 
radius. 
Workmonship.-~V~rrlilllansllip an& material are of the best 

quality and in keeping witli good instrument-manufacturing 
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practice. When making quautity production the instrumelits 
conform in all respects with the sample whicli is loaned the 
niaiiufacturer for a suitable time to serve as a model. Patterns 
for cast parts of the instruments are loaned to the manufacturer 
and returned to the Coast and Geodetic Survey as soon as the 
necessary castings have been made. 

0 


