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THE ANALYSIS AND PREDICTION OF TIDES 
IN SHALLOW WATER

by A . T . D o o d so n , C.B.E., D.Sc., F.R.S., Hon. F.R.S.E., 
Liverpool Observatory and Tidal Institute

(Extract from International Hydrographic Review, May 1957).

E R R A T U M
Page 86, paragraph 2, 12th line, instead of (a should réad u.
—  23rd line should read:

Here bi is the cotangent of the angle of inclination...

Page 87, 13th line should read:
...with amplitude proportional to M 3

Page 89, 20th line, formula should read :
R  =  (1 +  2 r cos 0 + r2) *

Page 90, paragraph 7, formulae (10) should read:
c r t = s  +  m x, f f t = s  +  mx  +  Y] (10)0 0 O 0 0 ' '

—  last formulae ( I I ) ,  suffixes should be aligned:
c p =  2 a Y  cos 9 , <i q =  2 a Y  sm 00*1 0̂ 1

Page 91, formulae (13) should read:

tan y] = ----- --------, —-------------  =  (1 +  p) cos y] — q cos rt (13)
1 +  pi Z  o cos m x

—  formulae (14), raise suffix 1 for: 

delete suffix 1 for :

p i q i2
—  formulae (15), close up to line :

<7 ---- (To f  a \ \
m =  ---------- m TU — I s —  —  £.0

a —  Go
with 0 =  <p +  ------------y] =  <p +  £, say

a0
formulae (17), close up to line:

2 ( r ) -
6th line from bottom should read : 

Substituting into (14) ...



Page 92, last line should read:

... which makes for cheaper

Page 93, 12th line from bottom, letters between brackets should read in italics.

Page 94, paragraph 10, 24th and 25th lines should read:
Jan. 5, Feb. 4, (Mar. 5), Apr. 4, (May 3), Jun. 2, (Jul. 1), Jul. 31, (Aug. 29), 
Sep. 28, (Oct. 27), Nov. 26.

Page 96, 12th line, reduce size of figure 1 to read:
s , s , s , s
11 la al aa

Page 99, suppress the bar at end of page.

Page 101, formula 6th line from bottom should read:

1 , ,  I
R  cos i  +  ---------R ’ cos x ’ » R sin x, "I----------- R’ sin

0 0 N + 1  0 0 N + l
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RADIO AIDS
TO MARITIME NAVIGATION AM) HYDROGRAPHY

(INTERNATIONAL HYDROGRAPHIC BUREAU SPECIAL PUBLICATION N° 39)

Th is  publication contains the latest theoretica l and pract ica l in fo rm ation  ava ilab le  rega rd ­
ing  radio aids current ly  used for  posit ion-fix ing in both m arit im e  navigation  and hydrography .

The  su m m ary  of chapters is as fo l lows :
CHAPTER I. —  Spectrum and Propagation of Radio Waves.

1) Frequency Spectrum of Electromagnetic and Radio W aves - 2 ) Propagation o f Radio W aves.

CHAPTER II. — Radio Systems Used in Maritime Navigation.
1) Radio Direction-Finding - 2 ) Loran - 3) Decca - 4 ) Consol.

CHAPTER III. —  Radio Systems Used in Hydrographic Surveying.
1) Decca in Hydrographic Surveying - 2 ) Shoran - 3 ) Electronic Position Indicator (E P I )
4 ) Shoran and E P I  in O ffshore Hydrographic Surveying - 5) Raydist - 6 ) Lorac - 7 ) Rana - 
8 ) Computation and Plotting o f Hyperbolic Lattices on Survey Plotting Sheets.

CHAPTER IV. — Radar Technique.
1) Radar Technique in Navigation - 2 ) Use o f Marine Radar in Surveying.

CHAPTER V. —  Radio Systems in Geodetic Surveying.
1) Outline o f Present Situation - 2 ) Operational Reports.

CHAPTER VI. —  Reports on Use of Radio Systems in Hydrography.
1) Decca - 2 ) Shoran - 3 ) E P I  - 4 ) Raydist - 5) Lorac - 6 ) Rana.

The  publication has been prepared in the tw o  o f f ic ia l  languages o f  the I. H . R . : English 
and French. Both editions,, wh ich appeared in 1956, contain approx im ate ly  150 pages, and 
223 f igures inc lud ing  50 full-page illustrations.

T h e price per volume in either edition has been set at 8 U .S. Dollars. Conditions o f sale are a* fo llows: 

O w ing to fluctuations o f exchange, the price is given in U .S . Dollars. Packing and carriage expenses
are extra.

A  reduction o f 3 0 %  on the price is allowed to Government O ffices  and Naval and Mercantile M arine 
O ffice rs o f States-Members o f the Bureau if the order is sent direct to the Bureau and not through a bookseller. 

A  reduction o f  30 %  on the price is allowed to any bookseller.



SURVEY DEPTH RECORDER

For Economical, Extremely Precise UNDERWATER SURVEY

The Edo Survey Depth Recorder, Model 255, was 
developed at the request of experts in the field of
lm lrographic  survey. It is the finest equipment on 
the market for measuring- the depth of water for 
survey purposes and for presenting' in permanent 
form an accurate and legib le  record of the water ’s 
depth.

Accurate to within one-half of 0 1 1 e per cent, the 
Survey Depth Recorder is designed in all respects 
to satisfy the most stringent requirements of carto­
graphers, oceanographers, dredgers and all others 
concerned with the exact depth of the water in 
channels, harbors, inland or coastal waters.

The  equipment is readilv installed to operate 
aboard survey vessels of all types... trave ling at 
auv speed up to 15 knots... in any water depth 
from three feet to 250 fathoms... whether fresh, 
brackish or salt. Its l igh t  weight permits permanent 
or temporary installation on large or small survey 
craft.

Precise Measurement in 8  Ranges
Edo  Model  255 is easily adjustable f or  transducer 

draft or sound veloci ty and records in eight ranges :
0 +o 70 feet or fathoms 

60 to 130 feet or fathoms 
120 to 190 feet or fathoms 
180 to 250 feet or fathoms

Notes can easily be made on chart through large 
hinged window or posi t ions marked automatical ly 
with marker  button. One ro l l  of paper operates 
10 hours cont inuously on « foot » scale;  20 hours on 
« fathom » scale. Equ ip men t  is housed in  rugged  
cast a luminum case. Send for brochure today.

CORPORATION
COLLÈGE POINT, NEW YORK



Makers of Scientific Surveying 
and Photographic Instruments

P H O  T O G R A  M M E  T R I G  

E Q U I P M E N T  D E S I G N E D  F O R  T H E  S T U D Y  O F  T H E  S E A  S U R F A C E

A e r i a l  P h o t o g r a m m e t r i c  c a m e r a s

1st 2 nd 3 rd c l a s s  plotting i n s t r u me n ts  Gal i l eo -Sa nt on i  patents ( S t e r e o c a r t o g r a p h  

G al i le o -S a nt on i  mod.  IV - S t e r e o s i m p l e x  mod.  II and mod.  III. C a r t o g r a p h i c  S t e re o -  

m i c r o m e t e r )

P h o t o g r a m m e t r i c  e q u i p m e n t s  for  speci al  w o r k s  

Hi gh a c c u r a c y  t o p o g r a p h i c  i ns t ruments .

O F F I C I N E  G A U L E R  4 4  VIA C A R L O  B I N  I  -  F I R E N Z E  ( I T A L Y )



For complete details on 

LORAC contract rates and 

service in this or other 

areas, ask your geophysical 

contractor, or contact

H S * '  
> /

GUlf

The majority o f  the g e o p h y s ic a l  crews o perat in g  off  the 

coast  o f Texas ,  Louisiana an d  Mississippi a r e  utilizing 

this Radio  Positioning service.

*Up to August I )955

JCorac Service Corporation
Tulsa, Oklahoma Houston, Texas

Box 1590 Box 6842
CHerry 2-8187 JAckson 9-4601



" Accurate to One Foot In a Mile "

k A Y D I S T
Radio Location Systems

for precise

HYDROGRAPHIC SURVEYING
M A PP IN G  AND C H A R T IN G  

H ARBO R AND C H A N N EL  CO N TRO L 

G EO PH Y S IC A L  EXPLORATION 

A IR  AND W A TER  CURRENT RESEARCH  

VELOCITY AND W A TER  SPEED M EASUREM ENTS 

N A V IG A T IO N  AND PO SIT IO N IN G  

TRA CK IN G  

ENG INEERS AND TEC H N IC IA N S 

AVA ILABLE FOR O PERATIO NS 

OR TRA IN IN G

Developed and Manufactured 

Sold or Leased 

By

H A S T I N G S - R A Y D I S T ,  INCORPORATED
Hampton, Virginia (U.S.A.)



PORT OF BENGHAZI - LIBYA
A ll hydrographic survey work in connection with 
the re-design and improvement of Benghazi 
Harbour was carried out by K e lv in  Hughes on 
behalf of the Consulting Engineers: Sir W illiam  
Halcrovv & Partner's, acting for the L ibyan  
Public Development and Stabilisation Agencjr. 
H ydrograph ic surveys of every description are 
undertaken by K elv in  Hughes. T h e ir  specialist 
Surveyors, using the most modern equipment, 
are available for surveys anywhere in the world.

( S > )  KELVIN HUGHES
C O N T R A  C T  S U  H I '  E  Y  S E C T I O  X

KELVIN A. HUGHES (MARINE) LIMITED - 99 FENCHURCH STREET - LONDON - E.C. 3
TGA KHM 65



FRENCH INSTITUTE OF NAVIGATION
13, Rue de l'Université —  PARIS (7e)

Publishes a Techn ica l R ev iew  on 
M aritim e and A e r ia l N av iga tion  

en titled  :

NAVIGATION
which is issued quarterly

f t  M embership. —  Applications should be addressed lo the Secretary- 
General. They are decided by the Council. Membership in the French 
Institute of Navigation automatically ensures regular delivery of the 
Review,

f t  Du es. —  Annual rates are as follows :
—  Active M em b er..................................................  2.200 fr.
—  Associate Member (resident abroad) .............. 2.500 fr.

f t  Payment. —  Preferably by transfer or payment to the Association's 
Postal Order Account : I.F.N. 1581-32 Paris.

Bank cheques are accepted, payable in Paris in French francs.
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USE THIS WALLACE and TIERNAN
T h e r m a r ip e  R e c o rd e r

to measure and record water temperature vs depth.

I lKM i

W allace and T iern an  
T h erm arin e  Recorder

THERM ARINE RECORDER
( B a t h y t h e r mo g r a p h )

M ODEL N °

FA-19001 I FA-190021 FA-19003 I

Depth range * ........................................................ 0 to 200 ft. 0 to 450 ft. 0 to 900 ft.
Accuracy .................................................................. 2 ft. 4.5 ft. 9 ft.
Temperature range * ................................................ +  30° to +  90° F. +  30° to +  90° F. +  30° to +  90° F.
Accuracy ..................................................................

LLOO+1 ± 0.1° F. ± 0.1° F.
Maximum a!;owable depth ....................................... 225 ft. 562.5 ft. 1 125 ft.
Length ...................................................................... 31" 31" 31"
Diameter : Nose ...................................................... 2 1/8” 2 1/8" 2 1/8"

—  Tail ...................................................... 5" 5" 5"
Weight (pounds) ...................................................... 21 3/4 lb. 21 3/4 lb. 22 lb.
Shipping weiaht (pounds) ..................................... 75 lb. 75 lb. 75 !b.

AC C ESSO R IES  :
200 smoked glass slides. —  Two individually calibrated grids and holders. —■ Two grid viewers. ■— Two pts. slide lacquer. 

—  One pt. lacquerthinner. —  One slide forceps. —  One thermometer. —  One nose casting.
* Temperature and depth may be calibrated in °C  and meters, if desired.

The accessories listed above are the same for models FA-190011, 
FA-190021 and FA-190031, with the exception that a deep diving rig 

is included with model FA-190031.

WALLACE & TIERNAN Incorporated 
Belleville 9, New Jersey (U. S. A.)



ELECTRICITY POWERS

WALLACE & T IERNAN 
AIDS TO NAV IG AT IO N  INCLUDE :

Lighthouse beacons and Lan- . Autom atic lam p changers,
terns from  90 m m . to _ Range lig h t lanterns,
500 m m .

Buoys and S tructures. 1 Fog s'Sna,Si
Flasher mechanisms. • Batteries of a ll types.

THE MODERN AID TO NAVIGATION
For Lighthouse or Buoy

W ALLACE <& T IE R N A N  IN C O R PO R ATED
Belleville 9, New Jersey

u. s .  A..
W allace and T iernan  Lam p changer, 

for e leo trify in g  large optics

W allace and T iern a n  200 m m . Lantern  
cut aw ay to show lam p changer and a u t h o r i t ie s  th e  \V01 

flasher m echanism ,. .
( ) V ( ' I cL I (3 . ---

Recogn iz ing  the responsibility  imposed on m arine  lights 
and their  accessories, W a l la c e  and T iernan has, ove r  the 
years, developed a complete line of m odern electrically 
powered aids to navigat ion  m eeting all the requirements 
of un fa i l ing  dependability, low  in it ia l cost, neg l ig ib le  m a in ­
tenance and long unattended serv ice  periods.

A m on g  the design features of W a l la c e  and Tiernan E lec­
tric M arine  Beacons 
which have led to their
u s e  b y  l ighthouse i i j g a ?i f p ft  Maagafc

•  Autom atic  lamp changers.

#  Corrosion resistant, w a t e r ­
tight, construction.

O Continuous, unattended opera 
tion for long periods.

Wf>!naCmmndLWfirrnnan W a llace  and T iernan Specialistsloll mm.  Lan i e r n  . . .  , . i . i i
on aids to navigation  w i l l  be glad 

to m ake  recommendations 0 1 1  your problem w ithout 
ob liga t ion— either on n ew  installations or on the conversion 
of old gas or oil l ights to modern electric operation. Such 
conversions, u t i l iz ing  existing optics and structures, are 
both economical and pratical.

©  E lectr ica l ly  powered operation.

© Flasher Mechanisms suitable 
for any  f lashing characteris­
tics and operating voltage.

©  Effic ient candlepower output 
high v is ib i l i ty  w ith  low 
power consumption.

•  L ow  in it ia l cost.
W allace and T iernan  Flasher mechanism



ne rm se
p o s i t i o n . . • o f the X  that mark? the spot is fixed by a Decca 

Mobile Chain with a speed and certainty unobtainable by any other means. Providing 
wide-area coverage under all weather conditions Decca Mobile Chains have been proved 
in the field to be the most efficient and flexible o f all electronic position fixing systems. 
In a single season the saving in time and manpower achieved by a Decca Mobile Chain 
can fully cover its initial cost.

Precise position fixing with low ambiguity ami true 

repeatability over long or short periods.

Ease of operation.

Built-in electronic referencing, eliminating “ reference buoys” .

Decca operates irrespective o f height or terrain— the same Chain 

can be used by ships, aircraft, vehicles or ground parties.

Automatic and continuous map display of track 

and position with the Decca “ Track Plotter” .

th e  DECCA
NAVIGATOR

Mobile  C h a i n s  for  
S u r v e y  a n d  Exp lorat ion

T H E  D E C C A  N A V I G A T O R  C O M P A N Y ,  L I M I T E D ,  L O N D O N ,  E N G L A N D
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INTERNATIONAL HYDROGRAPHIC REVIEW.



FOREWORD

The International Hydrographic Review is dependent for its value 
and interest on original contributions from its readers, as well as on the 
re-publication, in English and French, of appropriate articles which have 
already appeared in other publications.

Articles on any branch of hydrographic surveying, navigation and 
allied subjects, such as radio and other aids to navigation, new instruments, 
hints to hydrographic surveyors, etc., as well as articles dealing with the 
history and organization of hydrographic offices with descriptions of sur­
veying ships and boats and their equipment, are of great interest to all 
Hydrographic Offices.

The Directing Committee of the International Hydrographic Bureau 
will carefully consider all articles received for publication. Free reprints 
in English and/or French of original articles will be supplied to their 
authors on request made when sending manuscript.

Articles should be typewritten if possible in duplicate and adressed to 

The Secretary-General

IN T E R N A T IO N A L  H YD RO G RAPH IC B U R EA U  
Quai des Etats-Unis,

M O N TE-CARLO .
(Principality of Monaco)

and should reach the Bureau not later than 31st January or 31st July for 
the May and November numbers respectively.

The Directing Committee are not responsible for state­
ments made or opinions expressed in articles or papers 
published in this Review when written by authors who are 
not members of the Directing Committee or of the Staff 
of the International Hydrographic Bureau.
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