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PREFACE 

In  the  past the purpose of the tide and current work of the  
United States Coast and Geodetic Survey has been primarily t o  
furnish da ta  for the tide and current tables for thc mariner. Re- 
cently the needs of the  engineer have been given consideration, and 
comprehensive tide and current surveys of the important harbors 
of the country are now being made. The primary object of these 
surveys is t o  obtain information of value t o  stipping, to  the en- 
gineer in harbor maintenance and improvement and sewage dis- 
posal, and in the  study of current phenomena in general. 

In  executing current surveys in the past various methods and 
equipmcnt have been tested and gradually devcloped, so tha t  at 
the  present time the  procedure a n d  practice followed in carrying 
on .these surveys are becoming standardized. It is the purpose 
of this publication to furnish the field engineer of the survey the  
details of the  methods employed and of the  equipment used t o  
serve as a guide and reference for future current surveys conducted 
by this bureau. It may also prove useful t o  other Goveriiment 
organizations and private interests which may find i t  necessary 
t o  engage in this type of work. 
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INSTRUCTIONS FOR TIDAL CURRENT SURVEYS 

By L. hl. ZESKIND, Lieutenant (junior grade) ,  United States  Coast 
and  Geodetic Surueg 

Part I. INSTRUMENTS AND EQUIPMENT 

INTRODUCTION 

1. Data required.-The current data  required in a tidal water- 
way are those which pcrmit the determination of ( a )  the  time, 
velocity, and direction of the current at selected points; ( b )  the  
relation of the  times of strength and slack of current throughout 
t h e  waterway; ( c )  the  prediction in advance of the time of turning 
of the  current and the  time and velocity of current at strength 
throughout the waterway; ( d )  the  local peculiarities of the current 
in the vicinity of wharves and at mouths of tributary streams; (e) 
the  tidal flow on the ebb and on the flood through the various 
sections of the waterway. 

GENERAL PLAN OF CURRENT SURVEY 

2. Division of waterway.-In carrying out current surveys the 
following general plan is pursued: The territory t o  be covered is 
divided into such sections as found coiiveiiient. Predetermined 
locations arc  occupied as current stations in these sections where 
current da ta  is necessary for thc above. These stations are usually 
occupied for 25 hours or more, although in some cases a period of 
13 hours is found t o  be sufficient in locations of lesser importance. 
In  each section one or more stations serve t u  control stations 
which are occupied for the  full period of time during which current 
observations are made in t h a t  particular section. In order t o  study 
t h e  relation between currents near shore and those in t h e  channel, 
i t  is necessary to  make observations simultaneously at several 
stations on each of several selected cross sections of the waterway. 
These observations are usually for a period of 25 hours. 

1 



2 U. S. COAST A N D  GEODETIC SURVEY 

3. Control stations.-On completion of each section and Iwforc 
beginning observations in the next section, at least 25 hours of 
simultaneous observations are required at the control stations of 
the  two sections in order t o  tie in t h e  contiguous sections. 

4. Scheme of survey.-The general plan followed is t o  s ta r t  at. 
one extremity of the  waterway and work up or down. Obviously 
this scheme can not be carried out in cvery case, and it may be 
found necessary t o  deviate for different waterways. An illustra- 
tion of the  manner in which the  scheme for a current survey is 
carried out  may be had from the  woik undertaken in the Delaware 
waterway in 1924. 

5. General plan followed in Delaware waterway.-Charts with 
the locations of thirty-seven places in the  waterway where i t  was 
desired t o  obtain current da ta  were issued by the  office t o  the field 
party. The officer in charge of the  survey, by consultation with the  
Army engineers, local port authorities, and mariners, and from a 
study of local conditions, recommended to the  office'of the  survey 
certain changcs in the locations of proposed stations and the addi- 
tion of numerous secondary stations. These changes were author- 
ized, and more than sixty stations had been observed on comple- 
tion of the  work, 

6. For convenience in carrying out the  work i t  was found 
feasible t o  divide t h e  waterway into four sections. The loca- 
tions of the sections and distribution of stations is shown in Figure l .  

Section 1, f rom the capes t o  Bombay Hook, contains stations 
numbered I to 9. For this section i t  was found feasible to  employ 
station 10, outside the  section, as  the control station. 

Section 2, from Bombay Hook to  Edgemoor, Del., contains 
stations riumbered 10 t o  21, with station 10 as the control station. 

Section 3, from Edgemoor t o  Fishers Point, contains stations 
numbered 22 to  37, with station 25 as the control station. 

Section 4, from Fishers Point t o  Trenton, contains stations 
numbered 37 t o  43, with station 37 as the  control station. 

All primary stations (numbered without suffixes) are for a period 
of 25. hours while secondary stations (numbered with suffixes, 
a, b, c,) are generally for a period of 13 hours. 

7. Simultaneous obeervations were made on several cross 
sections throughout t h e  bay and lower river where there is consider- 
able width t o  the  waterway, and therefore a likelihood of differences 
in current flow in various places on the  cross section. I n  the  
upper part, where thc Delaware River is narrow, i t  was obviously 
not necessary t o  have cross sections, and consequently single 
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4 U. S. COAST AND GEODETIC SURVEY 

stations were observed throughout. It will be noted t h a t  in  
addition t o  those in  t h e  main stream observations were made at 
the  mouths of the various tributaries entering the waterway. 

8. I n  this survey operations wcrc begun in the  upper section 
and carried downstream. 

9. General plan followed in New York Harbor.-The general 
plan of survey outlined above was followed in New York Harbor 
in 1922. Since New York Harbor is composed of a number of 
intercommunicating tidal waterways, i t  was found convenient 
t o  t reat  each major wRterway as awection, with control stations 
at each extremity, maintained during the  period in which observa- 
tions were made in the  section. To  link together the da ta  for the  
entire harbor, simultaneous observations were made between tho 
control stations of the contiguous sections. 

FLOATING EQUIPMENT 

10. Selection of boats.-The obtaining of current da ta  requires 
the anchoring throughout the  waterways of floating observation 
units. A tender which is used in the  supervision of the  various 
units and in the carrying of supplies is a160 required. The selec-. 
tion of floating equipment will depend upon availability of boats 
for hire and on the particular waterway in which the survey is t o  
be made. Several factors must  be considered before a final selec- 
tion is made, among which are thc  strength of current likely t o  be 
encountered, liability t o  danger of collision , the  protection afforded 
against weather conditions in the waterway, the ground tackle 
required, the  sleeping accommodatioris necessary, and the  clear 
deck space available for setting up gear. For harbor work the  
observing boats need have little power, but thc tender should have 
a speed of 8 knots or more in order tha t  the  chief of par ty  may keep 
in Close touch with the operations, arid t h a t  supplies may be dis- 
tributed expeditiously to  the  various units. 
11. It will sometimes be found t h a t  in thc locality in  which the 

survey is t o  be made no boats are available which fully meet the  
rcquirements or tha t  the charter price of required launch is prohibi- 
tive. I n  such cases i t  is necessary t o  select t h a t  boat which is 
most suitable and economical. 

12. I n  a waterway where the  currents have considerable velocity 
and dense traffic bringa in a factor of danger from collision i t  has 
been found necessary t o  employ flat-bottom barges or scows, which 
are towed from station to  station by a tender, while in other water- 
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ways where the currcnts are moderate and thc traffic light it will be 
found more economical t o  use a power launch 60 to 75 feet in 
length and capable of housing the coinplement of a unit. Again, 
in  other waterways where tlie current is moderate, the harbor well 
protected against wind and weather, and danger of collision slight, 
it may be advisable to iise smaller boats for surveying units, with 
one tender to house the observcrs. Generally, however, i t  will 
be found more satisfactory to have observers housed 011 the respec- 
tive units to  which they are attached. 

INSTRUMENTAL EQUIPMENT 
13. Arrangement of instrumental equipment.-In installing 

equipment on observation units all operating gear should. be placed 
so as to reduce to a minimum lost motion in setting out gear after 
anchoring on station. Wherever possible gear should be under 
cover, so that it may be kept dry and a t  the same time so that the 
observations will not be interrupted in rainy weather. 

CURRENT POLE 

14. The  current pole, which is used as a float in the determina- 
tion of both velocity and direction of surface currents, conskts of a 
pole about 3 inches in diameter, 15 feet in length, and weighted 
with sufficient lead a t  the lower end to float upright with about 1 
foot out of water. In waters of considerable depth current poles 
30 fect in length are used. Because of the varying density of the 
water in harbors i t  will be found that a t  times tlie pole will extend 
out of water more than 1 foot and will therefore offer a larger 
surface oxposed to wind effect. To correct this enough sheet lead 
should bo tacked on the bottom of the pole to cause not more 
than the specified 1 foot to project above the surface. It will 
therefore bo advisable to have on hand several sheets of lead. 

CURRENT LINE AND REEL 

15. Marking of current line.-The line which is attached to the 
current pole and used in the measuring of the velocity of current 
consists of a log line three-sixteenth inch in diameter: This line is 
marked in principal divisions representing knots and secondary 
divisions for the tenths of knots. It is evident that the length of 
tliese divisions depends on the observation interval. As theso 
intcrvals are usually in fractions or multiples of GO seconds it is 
found convenient to mark the line for a GO-second run. Since a 

02647-20-2 
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6080- knot is a velocity of 6,080 feet in one hour or x - 1 0 1 . 3 3  feet in 

60 seconds, if the  line is t o  be marked for a 60-second run the dis- 
tance between principal divisions should bc 101.33 feet, and sec- 
ondary divisions will be shown by lengths of 10.13 feet. If the  
current be weak, the log line may be let out  for two minutes, and 
the  velocity may then be obtained by dividing the number of 
divisions run out by two. If the current is strong, the line may be  
let out for 30 seconds and the number of divisions run out  multiplied 
by two t o  get the velocity. 

16. Formula for velocity of current.-The following general 
formula may be used in  determining the  velocity of current. If 
L=length of line in feet run out during an interval of I' seconds, 
the velocit'y in knots is 

L 3600 L ~=-X-=0.592 - T 6080 I' 
17. Stray line.-Between the  pole and the zero of log line t1icr;e 

should be a length of approximately 100 feet of strny line, so t h a t  
at the  instant of marking time at the beginning of the observations 
the pole will be sufficiently astern to  be beyond the effect of the 
disturbed waters in the wake of the  vessel and i t  will also have 
attained the  velocity of the current. 
18. Current reel.-In order t o  facilitate the  handling of the 

current log line, a wooden reel is used for paying it out. 

PELORUS 

19. Description and arrangement of pelorus.-The pelorus, 
which is used in obtaining the  direction of the surface current when 
the observations are  made with pole and line, consists of a brass 
disk about 8 inches in diameter graduated every lo', from 0' t o  
360',,clockwise. It should be mounted in a position on the  stern 
so as t o  allow the  current line t o  swing through as large a n  un- 
obstructed sector as possible. When the  vessel from which t h e  
observations are being made is moored fore and aft, it will be 
necessary t o  mount a second pelorus forward. Peloruses should 
be fastened so tha t  the  0' and 180' marks are on a line parallel t o  
the  keel of the ship, with the 0' forward. To  establish uniformity 
in direction measurements, the  current line should bg stretched 
across the center of the  pelorus and t h e  inboard arc recorded. 
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PRICE METER GEAR 

20. Price current mete].-In current surveys by this bureau in 
the past the Pricc (or Gurley) Current Meter 1 has been used for 
determining the velocity of the current. In adopting this meter 
for the work of thc United States Coast and Geodetic Survey it 
was found necessary to use special equipment. Figure 2 illus- 
trates the gear used and the method of installing. 

21. Description and method of installing Price current meter 
gear.-In the harbor current surveys made by this bureau a plan 
has been followed which requires that observations be taken with 
the Gurley meter at several depths. It is therefore necessary 
that the meter be capable of being easily raised or lowered to the 
required depths. To accomplish this, it  is found convenient to  
suspend the meter from a cable which is reeled on the drum of a 
hand-sounding machine. The cable is 0.133 inch in diameter and 
consists of three enameled wires, one of which is steel piano wire, 
0.0335 inch in diameter, while the other two are copper wires, 
No. 20, B. and S. gauge. All wires are insulated from each other 
with a heavy braid covering all three. Considerable trouble has 
been esperieneed in the uBe of this cable due to  wearing.out of 
the braid and insulation by friction. For this reason it is planned 
for future use to cover this cable with a rust-resisting metal ribbon 
i n  the same manner as armored automobile wire. The function 
of this cable is not only to serve 06 a support for thc meter but also, 
through the copper wires, as electrical conductors to  form a cir- 
cuit between the contact chamber of meter ( M ,  fig. 3) and a set 
of earphones and dry cells, which are readiIy connected in circuit 
by a connecting plug at the inboard end of the cable. The end 
of the current cable passes through a hole drilled through the face 
of the sounding-machine drum to  a connecting plug which is made 
fast in one of the holes in the web of the reel. The reel may be 
rotated to raise or lower the meter, and when it is desired to  ob- 
serve the batteries and earphones are plugged in, thus closing the 
eleztrical circuit. 

22. Since i n  strong currents there is a tendency for the meter 
and current cable to  tail out or depart from R vertical line, thereby 
vitiating the resulting velocities, it  is found feasiblc to have the 
meter slide up and down on a second cnble which is held vertically 
by a 200-pound globular iron weight attached to  its extremity. 
The weight is raised or lowered by moans of a sinall hand winch. 

1 For detalled descrlptlnn of thls meter gee Manualof Qtirley IIydrRollc Instruments. 
- 
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Ohviously, when t>he weight i3 once lowered for any station the  
winch can lie secured, since i t  iieed not lie used to raise the miglit 
until the o\~servations at that statioii are completed. I11 order 
t o  hold the  mrter  close t o  the steel cable, sllarkles slior~ld I N  
attached at  points indicated in Figure 2 .  

23. Method of suspending gear from boat.-To support the 
meter and weights a Iiorizontal staiidard is rigged oatlioard in 

PIC;. a.--Xlethod of installing Price current irirtor from striiidiird o l  observing unit 

most convenient manner, so that when the meter or the weight 
is raised or lowered they will at all times clear the side of boat. 
Attached to  the standard by ringbolts and shackles is a sheave 
over which ciirrent cable passes, and also a snatch block over 
whicli the steel cable passes. Attaclied t o  tlic slicnvc is a register- 
ing dial, so tha t  as the meter is lowered the depth will be shown 
on dial. 

24. Electrical connections to Price meter.-Figore 3 gives n 
detailed view of Price current meter and the method of connecting 
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it to  the currcnt cable. One copper terminal (Dl) is connected 
to  plug in contact chambcr while other terminal (D2) is grounded 
on the frame of inctcr. The meter is supported from the cnrrcnt 
cahlc by ineaiis of a snap hooli and a thimble. 

CARE OF THE PRICE CURRENT METER 

25. Contact point.-Difficulty lias been espericticed in using 
this inctcr in salt wntcr duc to  tlie rapid corrosion of the contact 
point. To rcincdy this con- 
dition, the contact charn1,er 
i y  fillctl with inedinm cylin- 
der oil which prcvciits tlir 
salt watcr froin attnc.king 
the contact points. This 
docs not appreciably affcrt 
the rating of tlic meter. It 
will lie arlvisalilc, tlicrcfore, 
to  always keep clianilm 
filled with mcdiiim oil. Mc- 
tcrs slioiild lie rated lxforc 
and after current siirvcys. 

26. Tlic following inslrnc- 
tioiis on Ilic rare of the 
currcnt tnctcr arc quoted 
from Manual of Giirley Hy-  
draiilic Etiginecrinq Iiistru- 
lncnt~,  pages 31-34: 

I o  t d i (~ lh r  mrtcrapar1.- 
Wlicri taking thc inctcr 
apart, rcinovc the tail vanes 
atid tiic hntigcr stein; then 

1 1 , )  

IoOSCll t h C  SCt  SCI’C‘W 1 0  
tlic contact chaiiilier and pull the clininlm out by a, slight twistiiig 
motion. Care must be takcti t o  let the cnps be frcc to  turn, so 
that the worm gear on tlic upper cnd of t h  shaft cmi disengage 
from tlic tcctli of tlic contact, wliccl. I n  liandling thc contact 
chamber it is ivcll to taltc off the caji, so that the gear wllccl can 
bc scen during the operation. The pivot point ran  t,hcn be taken 
out and the cnps released by loosening the upper piwt of the shaft 
with a spanner wrencfi. This wrcnch is so designed that it can 
bo uscd for loosening all parts of the meter. 
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27. “ I n  putting the meter together first attach the  cups t o  t h e  
cup shaft. I n  doing this the  upper par t  of the shaft should be 
inserted through the upper hole of the yoke before it is screwed to 
the lower part. Care must be taken t o  place the cups so t h a t  they 
will move counterclockwise. After the cups have been fastened t o  
the  shaft insert the  pivot point and clamp i t  in place and then 
insert the  contact chamber. I n  replacing the  contact chamber 
the  cups ehould be left free t o  move on the pivot point. Before 
inserting t h e  frame nut  the  pivot point should be adjusted and 
firmly secured with the lock nut. The adjustment should allow 
a slight vertical motion of the CUPS.” 

28. To change contact chambers.-”(a) Loosen the set screw to 
the  contact chamber in  place; (b)  carefully lift the contact chamber 
from the  yoke; (e) carefully uuscrew either the  worm, or eccentric, 
from the  shaft and screw in the other, which will be found in the  
small round tin box; (d) slide back i n  place the other chamber, 
which is in a block in one corner of the  meter box, and tighten t h e  
set screw.” 

29. Special instructions.-Although the  current meter is sub- 
stantially made and will stand considerable hard usage, i t  needs 
careful handling and attention t o  insure its proper working. In 
this connection the  following instructions (quoted from t h e  man- 
ual) should be carefully observed: 

“1. Be sure t h a t  the  set screws are all tightened before putting 
the  meter in  the  water, otherwise, some of the  parts may be lost. 

“2. Loosen the raising nut  and see t h a t  the  meter runs freely 
before beginning a measurement. Spin the  meter cups occasion- 
ally during a measurement t o  see tha t  they are running freely; 
t h a t  is, t h a t  they will continue t o  move for a considerable time at a 
slow velocity. 

“3. See tha t  the weights play freely on the stem, so as to  take 
the  direction of the  current and thus avoid a n  unnecessary drag 
on t h e  line. 

‘‘4. If any apparent inconsistency in the  results of a n  observation 
throws doubt on its accuracy, investigate the cause at once. Grass 
may be wound around the  cup shaft; the  cups may be tilted by 
tension on t h e  contact wire; the channel may be obstructed imme- 
diately above the  meter; the  meter may be in  a hole; or t h e  cup 
may be bent so as  t o  come in contact with the  yoke. 
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“5. After a measurement it is absolutely necessary to pour out 
any water that  may have collected in the commutator box, to clean 
and oil the bearings (in order to prevent rust), and to inspect the 
pivot point. 

li6. When the meter is not in use, the cups should never be per- 
mitted to ride on the pivot point. Lift off pivot point by means of 
knurled raising nut. 
“7. Always see that the lock nut on the pivot point is screwed 

firmly against the frame nut, so that it will stay in place and carry 
the cups properly. 
“8. Never use a dulled pivot. Always keep several extra pivots 

on hand. 
“9. In  measuring low velocities be sure that the meter is in a 

horizontal position. If it has a tendency to  tip, the balance weight 
on the tail should be adjusted or the meter be held rigidly by 
inserting a plug in the slot against the stem. 

“10. For velocities of less than 1 foot per second the pivot 
point should be the same aa at the time of rating, sharp and smooth. 
As the velocity increases the condition of the point is less important, 
because the friction factor decreases. 

‘ I  11. In  taking measurements a t  high velocities sufficient 
weight and a stay line should be used to hold the meter in a vehical 
position. 

“12. In  very shallow streams the meter should be suspended 
from the lower hole on the stem, and the weight should be placed 
above. 

l‘13. If the cups’of the meter are bent, they may be easily put 
in shape by pressing them with a piece of wood or metal with a 
round, smooth end. 

I ‘  14. The telephone receiver is very sensitive to electric currents 
and can be used to locate any break in the circuit. First try the 
telephone and battery together (figure 4 a)  in a circuit having a 
make-and-break point, m a t  a. This may be done by using a 
knifeblade or a screw driver, making connection where the wires 
enter the plug. If there is no click in the telephone, then the 
bdttery or the telephone does not make a circuit. If there is a 
click, insert the meter in the line and test for a contact in the 
meter head (figure 4 b) by revolving the meter wheel. If the 
meter is all right, put the meter cord in the circuit and test both 
sides, either by inserting a fine needle that joins both conductors 
or by making doublo connoction and touching alternate sides of 
the line a (figure 4 c). 
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“15. When the meter is not in use, disconnect the meter line 
from the battery, so that it will not become exhausted. 

“16. Do not strike the telcphone receiver, as a heavy jar will 
to  a greater or less estent demagnetize the pole pieces, and to that 
estent will injure the receiver. If care is taken, it is very im- 
prohahle‘that the telephone receiver will get out of order. 
“17. Care must be taken not to short circuit the dry battery 

when the meter is not in use. To avoid this, the poles may be 
wound with adhesive tape.” 

BIFILAR SUSPENSION CUfiRENT INDICATOR 

For use. in conjunction with the 
Gurley meter for observing velocity 
there has been developed by this 
bureau an instrument for obtaining 
direction of subsurface currents. 
This instrument, called the Bifilar 

c“5 a 

current indicator, is shown in Fig- 

Description.-since i t  is re- 
quired to  obtain the direction of 
current simuitaneously a t  three dif- 
ferent depths, the Bifilar indicator 
is made up of three similar sections 
A ,  B ,  C, to  each of which is attached 
horizontally by air craft wire a vane e:-] AI, Bl, C“, which can be lowered to 
the required depths hy means of 

c a reel L and crank K .  The frame 
Fio. 4.-Testing Price meter circuit F F is made of light angle iron 

and is free to turn on a vertical 
shaft S by means of a bnll-bearing joint. The vanes consist of 
1%-inch pipe filled with lead to prevent lifting in a strong cur- 
rent. Attached to the end of the vane is a sheet-metal rudder 
which causes it to point in the direction of the current. As the vane 
is moved by the current, the motion is transmitted to frame F F ,  
thereby causing a pointer I attachcd to the frame to move across 
the face of the pelorus P which is fixed to the shaft. By means of 
set screws the peloruses may be so fixed on the shaft that  the 0 and 
180’ marks are on a line which is parallel to  the keel of the boat. 
All 0’ marks should be at the same end and directly under each 
other. The zero of the pclorus should be forward and 180’ mark 

b 
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aft. In  order to prevent the vanes from fouling each other, a cnble 
with a 200-pound weight M attached to lower end is passed through 
holes drilled in the pipe of the vanes at the middle points. 

31. Method of -SUE- 

pending.-T h e  Bifilar 
current indicator is sus- 
pended from a wooden 
beam which extends 
outboard from the ship. 
In order t o  prevent 
strain on the gear when 
boat is. rolling or pitch- 
ing, the shaft is made 
fast to the beam by 
means of a universal 
joint U. 

32. Depthindicator.- 
To measure the depth 
to which the vancs are 
to be set, pulley whecls 
W are at.tached to the 
frames over which the 
wire passes. These 
whecls me exactly 1 foot 
in circumference, and 
by means of a revolution 
counter R nttached the 
vanes may be set a t  ariy 
required depth. 

R 

I /d-”il--h/ I 

Flu. 5.-BiAlor suspnvion currout direction 
lndlcntor 

PETTERSSON CURRENT METER 

33.. Advantages.-The instruments previously described rcquiro 
observers in eac)i case. During the past year this bureau has 
tested with satisfactory results the self-recording Pettersson current 
meter. A few minor changes in the meter were made, correcting 
slight difficulties experienced. It is planned to  make use of this 
meter more extensively in future surveys, since a self-recording 
meter of this type eliminates the necessity for employing a iiumber 
of observers, representing a very considcrable saving in the final 

O!!G47-20--3 
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cost of the current survey. In addition the self-recording meter 
quite likely furnishes a more accurate record, free from personal 
equations. 

34. The use of the nonrecording current meters requires the 
anchoring of the vessel on station and employment of observers for 
the entire period of time for which current data are required. The 
holding of a vessel on station a% times presents a difficult problem, 
due to the many factors involved-the depth of wfiter, the kind of 
bottom, and the velocity of the current. In addition the pitching 
and rolling of the vessel may introdhce considerable error into thc 
observational data. The self-recording meter may be anchored on 
station from a buoy or float and for the purposes of this survey 
appears to be more satisfactory than the nonrecording type. 

The following description of the Pettersson meter is taken from 
an article by Dr. Hans Pettersson appeariiig in the “Quarterly 
Journal of the Royal Meteorological Society,” Vol. XLI, No. 173, 
January, 1915: 

35. General description.-“In Figure 6 I have drawn a sche- 
matic vertical section through the current meter showing the more 
important parts of its construction. (The ratio betwcen the hori- 
zontal and the vertical dimensions of the meter is exaggerated in 
the proportion of 2 to 1.) C is a cylinder of thick brass tested to 
withstand pressures equal to 800 fathoms of water. The internal 
dimensions of the cylinder are diameter= 10 cm.; height-60 cm. 
When in use, the cylinder is kept hermctically closed by a lid 
which is pressed down by six strong screw nuts. The meter is 
suspended from a bronze ring S, attached to the lid by means of 
bronze ball bearings. Owing to this arrangement the meter is 
free to Rwing round almost without friction, two large and slightly 
diverging rudders of brass plate attached to the cylinder keeping 
parallel with the direction of the current. 

Beldw the cylinder there is an anemometer wheel W ,  which 
is set revolving even by very faint currents (down to about 4 cm. 
per second). After a coiisidcrable reduction in speed by means of 
a gear the rotation is transferred to the recordinpapparatus inside 
the cylinder. This is not effected by means of an axis or any other 
material transmission which would involve risk of leakage, but 
instead two parallcl magnets are used, one rotating outside the 
bottom of the cylinder and the other one following it on tho inside, 
M I  and M2. After 8 further reduction in speed the rotation is 
transmittod from the inner mngxiet to a vertical axis, which carries 

36. 
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attached to its upper end a horizontal glass disk D1. The disk 
has an opaque border with transparent numbers from 1 to 48 
round its circumference. 

37. “Once every thirtieth minute a flash of light is sent upwards 
through the edge of the disk from a small electric lamp L,, wliicli is 
fed with the current from two dry cells Bl and Ra. The light then 
enters a t,iny camera, where an image of the numberson the disk 
which happens to be before the camera is; photographed on a long 
film. The clockwork which moves the film also makes the contact 
which sends the electric current 
through the lamp a t  the moment 
of the esposuro. By subtracting 
the number visible on one photo- 
graph from that on the next we 
find by how much tho current has 
turned round the glass disk during 
the corresponding interval of 30 c 
minutes. By means of an empir- 
ical table or a curve (which is 
practically rectilinear) tlie average 
velocity of the current referred to 
the same interval is then found 
in centimeters per second. With 
the present instruments a velocity 
of nearly 100 cm. per second is 
required in order to carry the ve- 
locity diNk round by a complete 
turn between two exposures, so 
that the same number is visible 
on two succeeding photographs. 

38. “Immediately above the ve- 

Dn of a slightly smaller diameter 
which carries two compass needles 
and has numbers round its edge for every 10’ of arc. On each 
photograph there is therefore also a number from the second disk, 
giving the direction from which tlie current was flowing at the 
moment of tho exposure. 

39. ( L  The clockwork will run for a fortnight, giving an unin- 
terrupted record of nearly 700 observations of the velocity and the 
direction of the current. 

locity disk there is a gilnilar disk FIG. O.-S€ICtiOII ShOWlUg tho PrlU- 
clpnl ports of tho Pottersson cur- 
routmotor 

(Fig. 7.) 
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40. Details of construction.-“ Among tlic details of construc- 
tion the following may be meiitioiied. Across the orifice through 
which thc light passcs before entering the camera a fiber is stretched, 
an image of which is visible on each photograph dividing the field 
of vision in two. 

Thanks to  that arrangement i t  is possible 
to  determine from the photographs the exact 
position of each disk at the inornciit of the ex- 
posure to  within 0.1 of the  distance bctwrrcn two 
of its numbers. This gives an accuracy of 
about  0.2 cm. per second to  the  recorded oalucs 
of the velocity and of 1’ to  the direction. 

“LZ in the figure is an irides lamp attached t o  
tlic top of the case wliic~h holds tlic clockwork 
and the camcra. It is ,set in series with the  
other lamp so that when it is seen to bur11 one 
may be certain tha t  the  lamp LI is also in 
working ordcr. 

“ X I  is a hantlle by which the clockwork is 
rcleascd or arrested. By turning round a sec- 
ond haridlc R, the moment for the occmrrcnce 
of the iirst c\posiirc niay be advanced or re- 
tardcd. 

“Uct~vceii  tlic glass disks and the maglietic 
transmission are interposed a number of soft-iron 
disks (J, in figure 6) which protect the compnss 
disk from thc iriagrictic field generated by thc 
tranhniission .” 

41. Detailed description.-The forrgoing is 
a tlcscriptioii of the rrictcr from a schematic plan. 
A thorough Jmowlcdgc of the various parts and 
of tlic construction of the meter is necessary t o  

composed of ttiree parts-tlic outer brass cast- 
ilig (C, figrlrc 8) mhicli contains iri  addition to  thc cylindrical wa- 
ter-tight coinpartmcrit :L trirhine (Pi’, figs. G and 8), coiiiiectcd by a 
gear train to  a permanent magnet free to  rotate, and two cylin- 
ders (ol and 03, figure 8) , which together contain the recording 
ineclianism. The lower of these cylinders is show11 in Figure 
9. 111 this cylindrr is conlaiiicd the ~iiagnct, M P ,  which works 
in synchronism with tlic one attached lo  the  turbine, thc  

c 
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revolution and compass dials, and the batteries B1 and &, and t l ~ c  
electric lamp which produces the flash for exposing the re a d '  ings 
on dials each half hour. These batteries are fitted in the cylinder 
on thc two sidcs of the vclocity shaft Sh so as to  form a series 
circuit. To prevent thc compass dial from slipping off its pivct, 
an acljnstahle pin P is screwed down barely t o  touch the  top o f  
t1:c dial. The upper and lower cylinders wlicn fittcd together 

W 

form a positive and light-tight joint. When so fittcd, a shutter 
on a hinge joint is kcpt open by a finger F to  pcrinit the light 
from clcctric lamp in lower cylinder to  enter camera in the upper 
cylindcr. The two cylindcrs arc connectcd electrically by a brass 
conncctor E ,  wliicli fits into a soclret in upper cylinder so that 
the flash of light, may be controlled by clockwork in the upper 
cylinder. By this connection the indes lamp or pilot light L1 
(fig. 12) is siipplied with its energy. 
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42. Batteries.-In Figure 10 is shown a top viciv OF the  two 
battery boxes in position. Each box contains two single cclls 
which are so arranged t h a t  thc  top  of cell, or positivc pole T, 
of one box is opposite the  bottom of cell, or negative pole B ,  of 

Sh 

Mz 

FIG. 9.-I,owcr cylindcr of recording merhanism, rettcrsson mc~tcr 

the  othcr box. All cells arc thcrefore coiinectcd t o  form n. series 
circuit. 

43. Upper cylinder.-'l'hc uppcr cyliiiclcr of rccordiiig ~ncchanisin 
is shown in Figurc 11. I n  ordcr t o  protcct the film thc upper 
cylindcr is inclosed tightly in a shell 01, which is sccurcd by means 
of a thumbscrew at the bottom. It is ncccssary t o  rcinove this 
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shell only when taking out the film for developing or whcn putting 
in a new roll. By simply loosening the thumbscrew and twisting 
the  handle H on top of cylinder so as  t o  rotate i t  slightly the shell 
may be easily drawn off. 

44. Clock mechanism.-The clock mechanism is inclosed in a 
second cylinder 01 over which the  shell fits snugly. The clockwork 
performs two functions. Through a set of gears G it  rotates a 
reel Rf, which draws the film with a uniform motion across the  
camera C, from a second or magazine reel R ,  loaded with film 
at the rate of approximately 1 inch an hour; by mcans of a governor 

or inertia tripper a n  electrical contact is 
made at every half turn of a coinmuta- 
tor, and hence a flash of light is sent u p  
through the camera-once every half hour. 
By removing four screws So the  top of 
the cylindcr may be disengaged and the  
clockwork exposed. A movable arm at- 0' "0 tached t o  a hairspring may be so regu- 
lated t h a t  the flashes of light succeed 
each other by precisely 30-minute inter- 

position, Pottorsson metor vals. Clock may be wound by turning 8 I n  using the Pcttersson key meter in slot i t  must W. be horne in mind tha t  the  

mechanism is necessarily delicate because of the  nature of the  work 
i t  is dcsigned t o  perform, and accordingly i t  should be handled 
with more than ordinary care. 

0" @ 

,O.--Dattory bolos 

CARE OF THE PETTERSSON CURRENT METER 

45. Precautions.-Following is a list of instructions which should 
be observed in its use: 

1.  Turkne.--Make surc t h a t  movcment of turbine on outside 
of cylinder (W,  figs. 6 and 8) is not hindered by clogging due to 
grass, seaweed, or other obstructions. Turbine should rcvolve 
with faintcst currents. Gear train should be perfectly clean and 
well oiled. 
2. Magnets.-(a) Make surc that the  magnet in lower case of 

recording mechanism ( M s ,  fig. 9) spins easily and without 
touching anywhere. (0) Make sure t h a t  the magnet on outside 
of cylinder ( M I ,  fig. 6)  rotates freely and without touching any- 
where. 

3. Balteries.-(a) Make sure tha t  batteries are strong by tcsting 
with bulb frequently. (b)  Batteries should 'be connected in  
series. (See fig. 10.) 
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4. Elaclrical connections.-All electrical coiiriectioris should be 
sharp and clean and following tests should be made. (a) Test 
for flash of light from lower lamp (I,,, fig. 6) by placing a con- 
ductor bctweeii the elcctrical connector ( E ,  fig. 9) and the out- 
side of the lower case. A bright flash of light should be seen 
through the cdgc of the revolution arid compass dials. (b)  Before 
putting film in mctcr tcst for flash of pilot light by placing two 

- 
F I ~  11 - - I n t ( s i  ini VICH of iq)l)ci  cylindri , I’uttc~isxm irictrl 

c a m  togcther and tiirniiig handle (Rz, fig. 12) through scvcral 
complete revolutions. Two flashes of light should result for each 
rcvolutioii. 

5. Piools.-(a) Pin (Z’, fig. 9) over compass dial should be 
scrcwed down SO as just lxmly to  touch the dial. 

6. PiZm.-(o) Care shonld be taken t o  scc tha t  film rcel (I&, 
fig. 11) is properly engaged t o  the  lugs (Lq, fig. 11) on clockwork 
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nieclianism. (b)  IWin sl~ould pass from underside of magazine reel 
(reel cont:bining fresh fihn) ovcr a roller ( A I ,  fig. l l ) ,  tlicii acrohs tlic 
cainera (Cm,, fig. ll),  and under a second roller (AZ, fig. 11) t o  a slot 
in the film reel. In this inaiiiier the film will he flat in passing over 
camera. In order tha t  tlic film sliorild further be ccntercd ovrr 
cainera, the reel rctainiiig springs ( S p ,  fig. 11) at tlic ends of t h r  

shafts 011 whicli reels ro- 
t a t r  slioiild be so fiscd 
that  there is no Iraiis- 
verse motion of rccls. 

that  llicgaslirt 011 outside 
lid of rnrtcr iF ill good 
conriitioii, and that  wlien 
lid is srrewcd down t i g h t  
ly that lllcrc call I,? 1 1 0  

water ciiicring tlic cham- 
ber wliirli contains the rc- 
cordiiig appm.ntris. This 
is of rstrcnic importaiicr 
to  the safety of the meter 
alld record. 

sirre that  cloclrwork is so 
rcgnlated that tlic flash 
of l i ~ l i t  for ciuncrzh, as in- 
dicatrd by dial on top of 
cylinder, occurs at 30- 
minute intervals. l’liis 
~ i m y  bc tcs t rd  by lclliiig 
~ l o ~ k ~ ~ o r f i  ~ U I I  arid timing 
several flasl1cs. See tha t  
clorli is frilly w o i i ~ i d  by 
placing key in slot (W, 
fig. 11). 

7 .  G(JSfict.-h‘Iake sure 

8. ClocX?oolk.-hf k c 

By ol,scrvitig tlic ~tbovc prccalltiolls diflic~dtics in I lie use of the 
inctcr will I,(: largely avoided and dclays rlsudly i11cidc111, to  l i i ~ n d -  
ling of iicw equipment reduced t o  a m i n i ~ n u ~ n .  It will be advisable 
to  give Ihc nictcr n trial in tlic wntcr for severid I~ours  t o  111alr~ suw 
that all m e c l ~ a n i ~ ~ n  is functioning properly. 

4y)r47--2~--4 , -c) 
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46. Removal of record.-After the record has been made at the 
station observed the lid of compartment is removed and the clock- 
work cylinder is taken t o  a dark room. Here the outer shell is 
removed, the film reel disengaged, and the exposed portion of film 
cut  off and immediately put  in developing tank. The end of the  
remaining section of the film is then inserted in the slot of the film 
reel, the  shell pu t  on, and the  apparatus is again ready for use. 

47. Film.-The film used is 16% mm. Cine-Kodak film, and the  
time required for developing will depend on the kind and strength 
of developing solution used. 



Part 11.-METHODS AND PROCEDURE 

In Part I detailed description was given of the instrumental 
oquipment used in tidal current surveys. This scction will be con- 
fined to the methods and procedure in conducting them survcgs. 

48. Methods employed.-There are three general methods 
employed by this bureau requiring the ube of (1) the Price meter, 
pole, and bifilar current indicator; (2) the Pcttcrsson meter; 
and (3) floats. 

NONRECORDING METER 

The first of the methods above cnumerated requires the anchor- 
ing of a vessel or scow over the location in thc waterway wherc the 
current data is required. The procedure in making a fiurvey by 
this method is dcscribed below. 

OUGANIZATION OF PARTY 

49. In organizing a party for a current survey it will first be 
necessary t o  decide on thc numbor of observation units i t  will ho 
most economical to opcrate and the type of boat which will be most 
fluitable for the work contemplated. Generally, howcver, the 
instructions issued to tlic chief of party from the office suggefit the  
number of units that are to bo used. Having chartered the floating 
equipmcnt, it  will nest be necessary to purchase all supplies and 
equipment, organize the party, and install operating equipment on 
all units. Since continuous obscrvatioiis are required at all sta- 
t i o ~ ~ ~ ,  it is of considerable importance that operations shall not be 
interrupted, and it is to this end that preparedness against emer- 
gencies should bc madc. It will be advisable as far as possible for 
each boat t o  be an independent observing unit, and it should there- 
fore carry sufficient supplies and reserve equipment to meet nny 
emergency likely to arise. A tender should visit units frequcntly 
to inspect work and carry necessary supplies. 

60. Each observing unit is usually organized with six observers 
and one cook. Since obscrvations are in progress day and night, it  
will be found convenient to have four-hour watches with two men 
on each watch, one of whom will be responsible for the watch. Of 
the six observers a t  least one should be a junior officer, who in 
addition to standing a regular observing watch will be responsible 
for the work of the entire unit. 

23 



24 U. S. COAST A X D  GEODETIC GURVES 

LOCATION OF STATIONS 

51. As mentioned in the first par t  of this publication, t h e  field 
party is usually supplied with charts shmving the exact locations of 
the  stations at which the current information is desired. The 
boat should be anchored as  near as  possible to  the  given location. 
However, at times local conditions will be such t h a t  tl. deviation 
from this procedure will be found necessary. Oftentimes at stations 
located in channels where the traffic is heavy there is considerable 
danger of collision. Again, it  may be found tha t  the station 
planned is located in a place where the depth and bottom are such 
as  t3 make anchoring impossible. 111 such cases the station ob- 
served should be as  close as possible to  the one indicated on the  
chart and which at the same time will be so located as  t o  furnish 
the required data. It will sometimes be found t h a t  currents at 
given locations are not representative of the area in which they 
are locatej, and for this reason a shifting of position is highly 
desirable. For example, the given location may be in tide rips, 
swirls, or eddies, or wliere a n  unusual current exists, change of 
location thcrefore being advisable. It is at all times desirable 
where possible tha t  the observing unit be anchored in the main 
thread of the  current in the vicinity of the station, arid if on 
anchoririg it is found tha t  da ta  obtained are inconsistent or irregu- 
lar, the  boat should be moved t o  a better location. 

52. Mooring of vessel.-It is also desirable tha t  the  boat or 
scow be moored in such a way t h a t  its position will at all times re- 
main fised and so t h a t  i t  will not swing on the flood and ebb. 
The importance of this is obvious for narrow channels or for water- 
ways with rapidly varying moas sections, where a small variation 
in position may mean a considerable difference in the resulting 
data. Wherever possible, boats should be anchored fore and aft 
so tha t  they will not swing with the tide. It will be found, how- 
ever, t h a t  in many places conditions will be such as t o  make this 
procedure impractical, and in such cases boats should be moored 
with one anchor and with the least amount of chain t h a t  will keep 
the vessel or float from dragging anchor. 
53. Determining position.-The location of each station is 

determined by t h e  usunl method of scxtant angles between three 
or more charted objects or by tangents or compass bearings on 
three br more charted obje:ts or tangents. Positions should bc 
plotted and the nrigle~ or boirings entered in the record. A 
wxtion of chart s h ~ w i n g  the location of eilch'strrtion should be 
pastcd in the  front of thc re2ord book. 
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54. Since it is desired t o  include as many slacks or strengths of 
current as possible at each station, if at the end of the required 
time for observing station i t  is found t h a t  the current is near the  
time of slack or strength i t  is advisable tha t  observations be con- 
tinued long enough t o  include the strength or slack. 

DETERMINATION OF VELOCITY AND DIRECTION 

56. Method of determining velocity.-The general scheme 
followed in obtaining current data  by thc nonrecording meter 
method is t o  dctcrmine velocity and direction data  half hourly 
at threc depths; tha t  is, at  0.2, 0.5, and 0.8 of the dcpth in which 
the observation unit is moorcd, except tha t  the maximum depth 
for lowest observation gencrally need not bc greater than 80 fect. 
Observations ncnr the surfacc should be below all noticeable wave 
motion and also bclow the keel of the  boat or scow. It is obvious 
tha t  this schemc can not be carried out for stations in shoal water, 
and in such places i t  is often sufficient to  takc observations at but  
two depths. 

56. Immcdiatcly on anchoring on station the 200-pound weight 
attschcd t o  ihe steel cable is lowcred until i t  is considcmbly below 
the lmvcst depth to  be observed, nnd the winch secured. The 
cups of the mctcr are thcn lowered onto the pivot and the observa- 
tions begun. 

57. First the metcr is lowered until it  touchcs the surfacc of 
watcr and tho current cable marked at a point where it leaves thc 
drum of sounding machine. Then the depths to  which the meter 
is to  be lowcred are mcafiured off successively, by means of tape, 
and the cable marked. The meter can then be set at the required 
depth by stopping and clamping the reel of the sounding machinc 
as the marks tippear. Marks should frequently be checked by 
din1 on rcgistering shceve. 

58. Procedure in  determining velocity.-The procedure followed 
in making observations with the metcr is as follows: Star t  wit,h 
the onc near the surface and follow by the mid-depth and near-tho- 
bottom observations. Tlicn revcrse the order, bu t  before the  
meter is raised repeat the lowest observation; then the mid-depth 
observation and finally the one near the surfaco. By this method 
a duplicate is obtained for each half-hourly set of observations with 
but  little additional espcnditure of time. I n  every case the exact 
time of tho beginning of tho obsorvations at oach depth is recorded 
to the riearest minute. 

Whenever possible i t  is advantageous to  make obscrvations on 
the hour or half hour. If, thereforo, the  upper ir; made as inuch 
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before the hour or half hour as the lowest observation is made 
after the hour or half hour, the mean will be exactly on the hour 
or half hour. 

59. Correct time.-Correct time is of extreme importance in 
these observations, and arrangements should be made to  check 
observers' watches or clocks frequently with a standard chro- 
nometer or timepiece which in turn is to be regularly compared with 
standard time. All discrepancies should be noted in the record 
book. In  order to  avoid all confusion, standard time should 
always be used and a statement to  t h a t  effect entered in the recoid. 

In  connection with the use of the meter it is important always 
to  keep contact chamber filled with medium cylinder oil, and when 
meter is not bcing used t o  lift i t  off the pivot point by meaiis of 
knurled raising nut. 

60. Method and procedure in  determining direction.-Dircc- 
tions for  the current at the  three depths (0.2, 0.5, and 0.8 of the  
depth at station) are  t o  be obtained simultaneously with thc velocity 
observations by means of the Bifilar direction indicator. On 
arriving at  each station vanes should be lowered t o  required depths. 
The vanes need not bc disturbed again until station is completed. 
Observations are t o  be taken on Bifilar coincidently with those of 
meter and entered in record book. The heading of ship Ily ship'a 
compass should bc taken a t  the beginning of each half hourly 
set of observations. Care should be taken t o  sce t h a t  the  peloriises 
are  always in perfect alignment, otherwise results obtained will 
be misleading. 

61. Determination of velocity and direction with pole.-Aa a 
check on the  results obtained by meter and Bifilar the  current 
pole is used. As before described, thc current pole gives only the 
velocity and direction of the surface current. Consequently, 
i t  usually scrves as  a chcck only on the  0.2 depth reading of meter. 
It is advisabk, therefore, t o  make the pole observation at the  time 
of the  first meter rending. Should there be considerable discrep- 
ancy between the  X'esUk¶ of pole observations and the  results of 
0.2 depth reading of meter and Bifilar,investigation should be made 
t o  ascertain and correct the  cause of this discrepancy. 

62. When both observers are ready, the stray log line is paid 
out, and when t h e  first knot passcs a fixed point on taffrail both 
observers start stop watches, and whilc one counts clicks in the  
telephonc recciver the  other begins counting number of knots 
t h a t  pass out. A t  the  end of 60 seconds time is marked again 
and the  number of divisions, together with the estimated portion 
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of last division run out, is entered in t h e  record book. The line 
is then stretched across the  center of the pelorus and the  arc  
farthest away from the  pole is read. This will be the  forward 
semicircle of the pelorus, unless the  pole is forward of abeam when 
the  after semicircle is read. The heading of the  boat by the  
compazs at the same time is noted, which, with the pelorus reading, 
gives the direction of the currcnt. Whenever possible, a n  angle 
is then taken between the pole and the referenec object on shore, 
the  exact location of which is shown on chart. When the  pole 
is to  the right of the reference object, the  angle should be marked 
“R,” and when t o  the left i t  should be recordcd “L.” I n  using 
fixed objects on shore for azimuth i t  is of advantage t o  choose 
those which arc at  some distancc. - 

RE C 0 R D S 

63. Data to be  furnished.-Form 270 is used t o  record all data. 
I n  the front par t  of record all information called for should be 
completely filled in. Under “Description of current appnratus 
used,” the following should be stated: (1) The kind of mcter used 
and its number; (2) whether or not bifilar is uscd. If used, state 
the manner in which pelorus plates are set; (3) state how peloruses 
used in obtaining the direction of currciit by pole arc  set-whether 
0’ mnrk is forward or aft; (1) state how boat is anchored or 
moored-whether i t  is anchored with one anchor and therefore 
free to  swing or whcthcr it is anchored with two anchors or more 
and thereforo held esactly on fitation; (5) any other information 
t h a t  will assist the office in corroctly interpreting the rcsulta. 

I n  the body of the record all headings and columns should be 
completoly filled in and d l  data  reduced. Below is shown a 
snmplc page of record book completely filled in. 

All stations nre t o  be numbcrcd and the number inserted at the 
hend of each pagc of record, 

64. .When the boat is anchored so that  i t  is froe to  swing, posi- 
tions should be takon at least once every two hours and recorded 
at top of pagc under “Position nngles at station occupied.” The 
sime of taking the position should also be included. 

65. Under “True hcarings of reference objects” at top of page 
the rcference o b j c t  is some object on shore, the location of which 
i s  slio~vn on chart and which is nscd as  n reference point in ob- 
taining the sextant angle to  thc pole. The t rue bearing of refer- 
ence object is obtnined from chart by laying parallel rulers on 
line between position of the  boat and the position of refercncc 
object. 
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66. Notes should be entered in the remarks column stating the 
estimated direction in which the current is setting, the condition 
of sea and weather, occurrences which may have some effect on 
results, or any other information which may be of assistance to  
the  office in correctly interprcting the results. The remarks 
column for current observations is very important, for if cor- 
rectly filled out  i t  will assist in deciding qucstioiis arising in 
connection with a true interpretation of the data. 

67. It will be found that  each set of observations generally 
requires about 10 minutes. There will, thcrcforc, generally be 
sufficicnt time between half-hourly observations for  the  reduction 
of records in the field. This will consist of filling in the columns: 
“Velocity by meter,” “ Compass variation,” “Compass deviation,” 
and “True direction of current, from angles and from pelorus.” 

68. Rating table.-Velocity of the  current by means of the  Price 
meter is measured by means of the  number of revolutions the  cups 
make in 60 seconds of time. To obtain thc  velocity of the  current 
in knots corresponding to the revolution of the  cups, a rating table 
is provided. This table is based on standardization tests made by 
the United States Bureau of Standards just prior to shipping the 
meter t o  the field. An esample is shown on following page. 

Enter  left-hand column of rating table at the figure correspond- 
ing t o  the  time in  seconds of the interval of observations (usually 
00 seconds) and follow line across until a column is reached, the 
heading of which is number of revolutions nearest the  number of 
observed revolutions of cups. By interpolation between the value 
given in this column and tha t  of the value in tlic preceding or fol- 
lowing column, as the case may be, the esact velocity of the cur- 
rent in knots may be obtained. 

69. Direction of current.-The compass variation may be taken 
from chart, whiie the compass deviation is taken from deviation 
table in front of record. The true direction of t h e  current in de- 
grees (the direction in which the  current is setting) may be ob- 
tained from pelorus and compass by use of the following formula: 

in which D C=direction of current, P=direction of pole by 
pelorus, S H =  ships heading, V=magnetic variation, and D= 
compass deviation. Easterly variation or deviation is taken as  
positive and westerly variation or deviation is taken as  negative. 

70. From angles the true direction of current may bc obtained 
by use of the  following formula: 

DC=P+SIf+V+D-l80”  

DC= TB+ P A  
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in which TB= true bearing of reference object and P A  =pole angle. 
A pole right angle is taken as positive and a pole left angle. 
is taken as negative. 

The true direction as obtained separately by the above two 
methods should agree closely, and where a large discrepancy occurs 
the cause should be determined and rectified. 

Fro. 14.--Rstlng tablo for curront motors 

71. Compass deviation table.-An accurate deviation table is 
necessary to  obtain the compass correction. This may be ac- 
complished by the following methods. 

72. Deviation obtained with vessel at anchor.-Wherc the boat 
is free to swing, deviations may be obtained by taking simul- 
taneously the position of the boat and the compass bearing on 
some charted object on shore for numerous headings of the boat 
as i t  swings on change of current directions. By laying8 parallel 
ruler between the position of the boat ns plotted on the churt and 
the position of reference object, the true bearing of the reference 
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object from boat is obtained. 
formula, the deviation may be derived: 

Subsituting values in the following 

D = T B - C B - V  

in which D=deviation, T B  = true bearing, C B  = compass bear- 
ing, and V=magnetic variation in the locality in which the swing 
is made. 
73. In carrying out the above method of obtaining a deviation 

card it will be necessary to employ two observers, one of whom 
will take the two sextant angles for a position while the other will 
note the ship’s heading by compass and take compass bearings to 
the reference object. Deviations for every 15’ of arc will usually 
be sufficient. Accordingly, as the ship’s heading reaches succes- 
sive 15’ marks on compass the observers will simultaneously take 
position of boat and the bearing of the reference object. This is to 
be continued until the swing is completed. Since in places where 
there are strong currents the boat will swing in a short period of 
time, it will be necessary for observers to make the observations 
more hurriedly than when ordinarily swinging ship. 

74. Plotting deviation results.-Data having been obtained for 
each 15O of heading of the boat the deviations will be computed 
by the above formula. Thc resulting deviations for the various 
headings should be plotted with deviations as ordinates and ship’s 
headings as ahscissa and a curve drawn through these points. If 
observations have been correctly taken, a smooth curve should 
result, and if, therefore, it is found that the resulting curve is ir- 
regular in places, additional data should be obtained so that the 
final curve shall represent the true deviation of the compass. 

75. The method described above, while not so accurate as n 
ship’s swing by sun’s azimuth or by rangos on shore, iN sufficiently 
so for use in conliection with thc determination of direction of 
current. The advantage of using this method lies in the fact that 
the deviation table may be obtained simultaneously with ciirrent 
observations and therefore without any loss of time of tho party. 

76. Obtaining deviation by swinging on ranges.-Where boat 
is moored fore and aft it will obviously be impossible to  use the 
above method. In this case the “rango metliod” has boon SUCCOSS- 
fully employed in previous years. This method consists in select- 
ing two objects on shore which arc definitely located on tho chart 
and which are SO situated as to be clearly visible from the boat. TO 
form a sensitive range, the front objoct ~hould  be as near as pos- 
sible whilo the back object should be at a distance. The selected 
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range should be located a t  a place where it will be convenient to  
carry out the ship swing without being in the way of traffic. As 
in the preceding case deviations, should be obtained with the 
boat’s head on every altcrnate 15’ rhumb. 

77. The procedure is to place the boat on the various headings 
and come up on range slowly. When the two objects on shore 
are in line, the boat is on range and a compass bearing is taken a t  
this instant on the shore objects. This bearing, together with the 
true bearing of the range as obtained from the chart by parallel 
ruler, and the magnetic variation, \when applied in the preceding 
formula will give the deviation for the various headings. As 
heretofore stated, the plotted deviation curve should be fairly 
smooth, and if considerablc irregularity results further data should 
be obtained. 

78. If a t  any time during the current observations thcre is reason 
to believe that the compass has been disturbed, another deviation 
table should be made out as soon as possible. A t  thc crid of the 
season a second ship’s swing should he madc. 

79. Compass should be so installed on boat as to always be in a 
fixed position and therefore free of any move~nelit. 

RECORDING METER 
METHOD OF ESTABLISHING STATION 

80. Suspending meter from vessel.-The Pettersson current 
meter as heretofore described is an automatic self-recording current 
meter which is suspended either from a vesscl or from a hydro- 
graphic station. In suspending from a vcssel i t  will be necessary 
only to attach meter to the end of a rope or cable with sufficient 
weight to hold the meter in a vertical linc. Since there is a compass 
needle in this meter, it  will be necessary to have a weight so situated 
as not to produce a magnetic field which will interfere with the 
compass. For this reason it will be found coiivenient to use a 
200-pound globular iron weight suspended at a distance of 3 feet 
or more from the top of meter. 
81. Suspending meter from hydrographic station.-To use the 

Pettersson currcnt meter to its best advantage it should be sus- 
pended from a hydrographic station. One such station reported 
to have been employed successfully in connection with Swedish 
current surveys is known as the Gustaf Ekman Submarine Hydro- 
graphic Station. This station is described in the Quarterly Journal 
of the Royal Meteorological Society, Volume XLI, No. 173, Jan- 
uary, 1915. 
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For comprehensive current surveys the  following general method, 

as shown in the figure below, is  suggested: . 

FIG. 15.-Mcthod of ostabllshlng unwatched recordlng current meter station 

82. Suggested method of suspending from scow or float.- 
Anchor a small scow or log float with two anchors, one upstream 
and the  other downstream, so t h a t  the  scow or float will not move 
with a change in direction of current. Suspend from the scow or 
float in such a way t h a t  i t  can be readily raised or lowered, the 
Pettersson meter with a 200-pound globular iron weight about 3 
feet above the top  of the meter. I n  order t o  avoid risk of having 
station destroyed by collision, day and night signals should be 
displayed on a n  upright so 8s t o  be clearly visible at a distance. 
Since the clockwork in the meter will run continuously for approxi- 
mately 11 days, i t  should not be necesaary t o  visit station any 
oftener than this period of time. Where the  scow is used, on com- 
pletion of observations, the gear can be hauled in and the scow 
towed to  the nest  station. If a log float be used, i t  may be towed 
t.0 next station if the distance be inconsiderable; when distances 
between stations are great, as  in a general survey of large areas, i t  
may he found more economical t o  remove anchor and meter gear, 
discard float, and build a new float at the next station. Compre- 
hensive surveys are made usually in harbors where tho stations 
are in close proximity, and i t  will therefore generally be feasible 
t o  tow barges or floats from one station t o  another. 
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PROCEDURE IN OBSERVING 

Previous to  beginning observations the tests suggested under 
instructions for use of meter should be carried out and meter 
should not $e put in water unless it is working in every detail. 

83. Preliminary operation.-To start observations, first put the 
lower case containing batteries, dials, etc., into the brass cylinder 
and rotate until hole in bottom of the case engages the pin located 
in the bottom of the cylinder. Press down case to make sure it 
reskq snugly on the bottom of the chamber. Then lower tlie upper 
or clockwork case into the chamber and rotate until tlie key on 
the outside of the case and near the top, fits into the slot in the 
inside of the chamber, and press down until the case will go no 
farther. By this means a contact will be made-through the 
electrical connection extending up from the edge of tho lower 
casc-between the clockwork in the upper case and the battery 
and lanip circuit in the lower case. 

84. Starting the recording mechanism.-Having properly placed 
the recording mechanism into the brass cylinder, next start the 
clockwork by turning handle Rl  (fig. 12) 011 top of case until it 
points to letter R .  This will release clockwork, as indicated by 
the beginning of the ticking of the clock. Then slowly turn tlie 
handle R2 (fig. 12) in a clockwise direction until a flash is made by 
the pilot light LP. Record exact time of flash and with pencil 
make one mark on case opposite pointer arm and another mark 
diametrically opposite and near the circumfercnce of thc circle 
described by the pointer. Pointer arm is in continuous motion as 
long as the clockwork runs, and the pilot light will always flash as 
the pointer reaches one or tlie other of the diametrically opposite 
points. 

85. Beginning observations.-Having noted the time of the first 
flash, immediately put the lid on top of cylinder and press down 
tight by means of the six screw nuts, so that the cylinder will be 
hermetically scaled. Then lower the meter to the proper depth 
arid secure. 

86. Ending observations.-At tlie close of the observations haul 
the meter out of water mid immediately take off the lid. Allow 
the clockwork to continue running until a final flash is made by the 
pilot light. (The time of this flash can be predicted by noting the 
distance the pointer of tlie contact liaiidle R, is from the nearest 
pencil mark.) The exact time of the flnsh should be recorded 
and the clockwork stopped by moving handle R1 to  point opposite 
letter S. The upper case containing film is then removed and taken 
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to a dark room. Here the exposed portion of film, which is wound 
on upper or film roll, is cut off and immediately developed. The 
end of the remaining film is cut at the corners and inserted in the 
slot of the upper film roll. The film having been adjusted, the outer 
ehell of the case is put on and the mechanism is ready for further 
observations. 

87. Developing of film.-In order to insure satisfactory results 
with the Pettersson meter, a dark room shpuld be installed on the 
boat which serves as the. tender. This room should be absolutely 
light-tight and equipped with a safe light. For developing, a stand- 
ard developer should be used, together with a hypofixing solution. 
Film should be left in developer long enough to bring figures out 
clearly. This will generally require about throe mintues. It 
should then be rinsed with water and put in hypobath until clear. 
After this wash with clean water for about 20 minutes. 

REDUCTION OF RECORD 

88. Time of record.-Having dovcloped the film, the next pro- 
cedure will be to reduce and tabulate the record. Figure 16 
shows a sample page of the Pettersson current meter record. 

As heretofore explained, there will be two sets of figures on the 
film for each half-hourly record, separated by a horizontal line. 
The first current record will be the bottom set of figures on the 
film. Consequently, in reducing the record it will always be 
necessary to start a t  the bottom of film. The upper figure of 
each record represents the reading of the velocity dial, while the 
lower figure represents tlie reading of the compass dial. The 
first step in the reduction of the record will be to count the number 
of half-hourly records on the film. Nest, the elapsed time in 
hours and minutes between the time of first and last flashes should 
be computed. Since exposures of film may not follow each other 
by exactly 30 minute intervals, it  will be necessary to divide the 
elapsed time between first and last flashes by the number of 
records, minus oiie, to get the true interval between records. 
The times of these records cau then be tabulated by starting with 
the time of the first flash and adding progressively the time 
intervals to successive records. These times should be entered in 
column 2 of the record. 

89. Direction of current.-The direction of current is obtained 
froin the lower part of half-hourly record which is photographed 
on film from tho compass dial. The arrangement of this dial is 
shown in Figure 17 below. 
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It will be noted t h a t  each quadrant has a distinctive marking 
Each number, 

For the  northeast and north~vcst 
and is divided into 9 parts with numbers 1 t o  9. 
therefore, represents loo of arc. 

Fro. I0.-6nmple poge of Pettcrsson current meter rocord 

quadrants numerals begin at the  north and increase toward the 
east and west, while in t h e  southeast and southwest quadrants 
numbers begin at the  south and increase toward the  east and west. 
By noting the number and distinctive quadrant mark the compass 
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direction which the vanes of the meter assume due t o  the flow of 
water is obtained. This direction is entered in coluinn 3 of record. 
By adding variation (column 4 of record) the true direction 
assumed by the vanes or the direction from which the  current 
comes may be calculated. Since by direction of current is implied 
the direction toward which the current is setting, 180' must be 
added to  the recorded direction t o  obtain tlie direction of set of 
the  current. This should be recorded in a fifth column of re- 
duction table. 

90. Rating table, Pettersson meter.-In order t o  have at hand 
a table which will give the velocity of current correspoiiding t o  
distance moved by dial in 30 minutes of time, i t  will be necessary 
to  calibrate the instrument. The 
method of calibration consists 
of determining the number of 
revolutions made by outside tur- 
bine for a known velocity at 
which the metcr is towed. As 
before explained the motion of 
the outside turbine is reduced 
considerably before being trans- 
mitted to  the shaft which carries 
glass dial. This reduction is ac- 
complished by two gear trains as 
shown in Figure 18. 

91. Relation between furbine 

h 

_ -  
and dial velocities.-The num- FIG. l?.-A~8nKCmOnt of composs'dhl, 
bers opposite the  gears give Pottorsson meter 

the  number of teeth in each gear, and the  ratio of reduction 
is given opposite each set of gears. The total reduction is 
lOX9X5X4=1,800,  and therefore for each 1,800 rcvolutions of 
outside turbine there is but one revolution of the velocity dial. 
Obviously, then, if the outside turbine is rotating at the rate of olie 
revolution in one second i t  will make 1,800 revolutions in 30 
minutes, while the velocity dial will have passed through but one 
complete revolution during this time. 

92. Calibration of meter.-The calibration made by the  Bureau 
of Standards gives the velocity of current in feet per second cor- 
responding to a given number of revolutions per second of outside 
turbine. The calibration curve for Pettcrssoti meter No. 93, based 
on tests made in March, 1925, is given by the following straight 
line equation, in which 



38 U. S. COAST AND GEODETIC SURVEY 

V=water velocity in fcet per second, and 
N =  the number of revolutions of outside turbine per second 

For N<0.37; V=2.725 N-tO.072 
For N>0.37; V=2.920 N 
93. Since it is desirable t o  determine the  velocity in knots 

corresponding t o  a difference in dial numbers for 30 minutes of 
time, i t  mill be convenient t o  have a rating table which will give 
this information directly. 

FIO. 18.-Arrsngeement of velocity reduction gears, Pettersson meter 

94. It has been pointed out  tha t ,  with the  outside turbine 
moving at the  rate  of one revolution in one second of time, t h e  dial 
will make one complete revolution in 30 minutes of time or the  full 
48 numbers in which the  dial is divided will have passed a given 
point. It is evident, therefore, t h a t  for  N in the above formula it 
will he necessary t o  divide by 48 the  difference in dial readings for 
successive half-hourly records. To change velocity in feet per 

second t o  knots multiply by 6,080* The above formula may there- 

fore be rewritten as follows: 

3 600 
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For N'<18 

For Nl>18 

VI= (2.725X~$O.O72)X6,080 K' 3,600 

N' 3600 VI= 2.920 ~ X s , o s o  

in which N' = dial numbers passed through in 30 minutes and 
V' = water velocity in knots. 

95. It is therefore possible by the above formula t o  compute 
the velocity in knots corresponding to half-hourly dial differences. 
Below is shown a rating table based on the calibration referred to 
above which gives velocity t o  the nearest hundredth of a knot for 
dial differcnces from 1 to 210. 

96. Use of rating table.-In the table following the velocities 
corresponding to successive dial differences of 10 arc shown in the 
second vertical column, while the velocities corresponding to the 
intermediate unit differences are shown in vertical columns headed 
1-9. For example, to obtain the velocity for a dial difference of 
128 cnter the first left-hand column a t  120. Horizontally across 
in the column with heading 8 will be found the Velocity; that  is, 
4.61 knots. 

97. Velocity of current.-Having tabulated the time and direc- 
tion of each recnrd, it will next be convenient to tabulate in a 
sixth column (fig. 16) the corresponding reading of the velocity 
dial record. In a seventh column nctual dial differences made 
during successive intervals are recorded. In  this connection it 
mill be remembered that the last number on dial is 48, and conse- 
quently if a later reading of dial is less than the preceding one 
multiples of 48 must be added to  the later reading before sub- 
tracting tlic earlier reading in order to determine the actual dis- 
tance the dial has moved in the 30-minute interval. This dif- 
ference in dial readings is the means [or obtaining the number of 
revolutions that have been made by the outside turbine in the 
approximately 30 minutes. 

98. It will be observed from the rating table for the Pettcrsson 
meter that, corresponding to one rotation of dial in 30 minutes or a 
aial difference of 48, the velocity is given as 1.73 knots. In many 
places where it is desired to  obtain current data velocities of 6 
knots or more may be encountered. In registering a velocity of 
6 knots approximately 170 dial numbers must pass a given point; 
or, expressed in another way, thc dial must pass through almost 
four complete revolutions. Since according to the present ar- 



40 U. S. COAST A N D  G E O D E n C  SURVEY 

rangement there is no way of determining from film record the 
number of revolutions made by dial for n velocity greater than 1.73 
knots, i t  will be necessary t o  interpret the record for these greater 
velocities. While for some places it will be somewhat difficult 
t o  interpret the record, generally it will be possible t o  obtain the  

R A T X U O    AB LE. 

Pottermon )*tar H d r  03, R.t.d Woh E, 1928. 
-- 

Valoolty in h o t s  oorrrlpondlng to dlll*rena* In Xml nunb.mon.-half hourly intorvnh.  

'FIG. lQ.-Ratlng table, Pettersson current meter 

true current da ta  without error. Tho following suggestions will 
assist in the  correct interpretation of the  da ta  as obtained from 
the  film record. 

99. The relation between the time and velocity of current 
generally takes'the form of a cosine curve, where velocity is the  
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ordinate and time the  abscissa. The strength of the current is 
represented by the amplitude of the  curve and slack water the 
point of zero velocity. The curve will alternately vary from slack, 
or period of no current, t o  strength, or period of strongest currelit.. 

100. I n  Figure 20 are representative current velocity curves for 
maximum strengths varying from 1 t o  7 knots. These curveH 
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illustrate the  velocity variations between slack and strength. 
Where there are two tides in a day, the time between a slack and 
following strength will be approximately three hours. The veloc- 
ity curves as obtained from actual observations will closely resem- 
ble the curves shown, and these graphs are therefore of assistance 
in interpreting the velocity record of the Pettersson meter. 
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10.1. The approxiinate time from the record of the first slack 
currt!nt will assist grcatly in correctly reducing the record. This 
data  can be determined form the current direction record of film, 
for where the current direction changes abruptly, and rcverses, a 
slack water has been passed through. 

102. If we s tar t  reducing thc velocity record from this point, tlie 
difference between dial readings for two successive records near 
slack water will give the mean velocity during this half hour. If 
we plot this velocity together with the slack, we have the begin- 
ning of the velocity curve. If again for the following half hour 
interval we gct a dial difference equal to  or less than the preceding 
one, w e  know tha t  the dial must have made more than one revolu- 
tion, and from a study of preceding graphs it is evident tha t  for a 
current of a masimum strength up to 7 knots the  dial would not 
make more than two revolutions during second half hour, and 
hence 48 should be added t o  recorded dial difference to  get the 
actual dial difference, and t h e  velocity will be th8t in the table 
corresponding t o  this difference. 

103. For example, suppose t h a t  for the first half hour the dial 
difference is 25. The corresponding velocity obtained from table 
will be 0.90 knot. For the fiecond half hour suppose tha t  the dial 
difference is 16. The corresponding velocity according to  table is 
0.58, which represents a decrease in current when it Rhould havc 
been increasing. We are therefore led t o  the conclusion tha t  the 
dial must have madc a complete revolution in tlic half hour, and 
therefore the actual dial difference should probably have been 484- 16 
or G4, with a corresponding velocity of 2.30 knots. If we plot 
these two points together with the slack 011 cross section paper, 
there will result a portion of a cosine curve of amplitude corre- 
sponding to  a maxinium velocity of G knots. Thc remaining half- 
hourly velocities should, therefore, fall on sucli n curve, and it 
will therefore be an easy matter to  determine the corrcct dial 
differences and therefore the correct velocity for the various records 
on film. 

104. Having completely filled in the actual dial differences in 
the seventh column of reduction table, the  corresponding velocities 
as determined from the rating table should be entered in a n  eighth 
column. Since the difference in dial numbers gives a measure of 
the  rotation during the half hour, the  velocity obtained will \IC 
an avorage velocity, and tho corresponding time will therefore be 
the mean time of the dial readings. 

I n  a ninth column the mean time of interval should be entered 
opposite the  corresponding velocity. 
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FLOATS 

106. In placcs where the current is swift and the chnnnel very 
narrow i t  has been found to be impracticable to take current 
observations by any of tho methods described. In places such RS 
these detailed current data are often of very considerable im- 
portance, and it will therefore be of advantage to  describe a method 
successfully employed by Coast Survey partics in the past. 

This is known as the “float mothod ” and consists of nieasuring 
the time required for a doodeii float to pass between two sets of 
ranges on shore, the distance between which ha6 bccn prcviouxly 
determincd. 

106. Description and methods.-Two types of floats havo been 
used, depending upon wliethcr they are thrown into the strcam 
from an auxiliary boat or from shorc. In the first casc the floats 
are made of 2 by 2-inch lumber, consisting of two horizontal 
crosspieces about 3 feet in length with an upright about 4 feet 
long in the middle, all nailed together. Where the float pnsses the 
range a t  u distance from the observers on shore it may be found 
necessary to  put white or black cloth flngs on the floats. Those 
flags should be small, so that wind will not affect speed of floRt. 
In narrow passages mhcre thc current is of such velocity that floats 
can not be set out from a boat it will be necessary to cast them from 
the shore, and in this case sillall 2 by 2-inch strips about 18 inches 
long and wrapped in cloth can bo used advantageously. 

107. Observing at night with floats.-In most places it will be 
found impracticable to make float observations a t  night. In 
narrow passages, however, whore the floats arc cast from shore, 
night observations may be made by following the float in the cur- 
rent with the aid of focusing flashlights and automobile spotlights. 

108. Determination of direction.-It will be noted that the 
above method is for dctcrminiiig the velocity of the eurrcrit. 
Since this method is used in narrow channels, the direction can be 
closcly approximated by observing the general path of the floats. 

LIST OF REQUIRED INSTRUMENTS AND EQUIPMENT 

109. In connection with current surveys various iiistrumcnts 
and special equipment nre required. Bolow is furnished a standard 
list of the more important of these instrumcnts and equipmiit 
wliich will be required in a compreliensivo curroiit survey employing 
as inany as four observing units, Sufficicnt sparc items have I~ecii 
incliided to tako care of normal replaceinent. If a lesser number 
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of units arc to be used, the number of instruments can be reduced 
proportionatcly. 

110. To obtain th$ current data by means of the Price meter, 
pole, and Bifilar method the following will be necessary: 

10 meters, Price current. 
1 package parts, spare for current 

10 weights, large, for current 

5 weights, small, for current 

1,500 feet cable, current, 3 strand 

500 feet cable, current, armored. 
8 peloruses. 

meters. 

meters. 

meters. 

double braid. 

4 reels, current. 
8 lines, current log. 
8 poles, current, 15-foot. 
4 sheaves, rcgistcring. 
4,winehcs, small hand. 
4 machines, hand sounding. 
8 watches, mean time. 
12 watches, stop. 
6 clocks, hydrographic. 
4 indicators, Bifilar current direc- 

tion. 

111. While anchored for current observations, this bureau has 
found it possible, without additional erponditure of time or money, 
t o  obtain temperature and density of sea-water data. For this 
purposo the following instruments are required: 

6 
6 
5 

cups, water specimen 
cups, hydrometer. 
frames, reversing. 

6 hydrometers, density 1.011- 

6 hydrometers, density 1.021- 
1.021. 

6 hydrometers, density 1.000- 1.031. 
1.011. 4 thermometers, deep sea. 

4 thermometers, forhydrometers 

112. Since tidal currents are a rosult of the tide, data in regard to 
tidal currents are very often referred to the tide. For this reason 
it will often be necessary to  obtain tidal data simultaneously with 
current data, and the following instruments will be ,required: 

1 level, Wye, with tripod. 
1 rod, levelling. 
2 gauges, tide, portable auto- 

4 staffs, tide. 
Marks, tidal bench. 

matic. 
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113. In addition to the above the following miscellaneous items 
will be required in the work: 
4 compasses, boat. 
3 dividers, hairspring. 
3 dividgrs, pocket. 
4 lines, lead. 
1 pcn, drop bow. 
4 protractors, Courts. 

0 sextants, hydrographic, with 
spare mirrors. 

1 set stamps, steel. 
4 tapes, steel. 
2 triangles, 60'--10 inch. 
2 triangles, 45'-10 inch. 

4 rulers, parallel. 2 typewriters, portable. 
2 scales, metric; 1-1 meter, 1-% 1 barometer. 

meter. 

114. In the use of the Pettorsson meter for obtaining current 
data the following instrunleiits and equipment will be required. 
The quentitios will depend upon the particular survey conteinplnted 
Pettersson meters. Developing powders. 
Safelight, Red series 11. Acid fixing powders, kodnk. 
Sidelight, Seriea 111, for above. Kodak developing boxes No. 1. 
10-watt bulbs for above. 

115. Besides the articlcs above listed various miscellaneous 
tiupplies and equipment will be required, such as hardware for 
installing gear, ship chandlery supplies for equipping boats, cquip- 
ment for feeding and liousing party, etc. The kind and amount of 
this equipment will vary for different parties and it will thcrcfore 
be necessary for the chief of party t o  decide on these items. 
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