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I NT ER NAT IONAL  HYDROGRAPH I C  BUREAU SPECIAL PUBL ICATION 39

2nd  ed ition , 1965

RADIO AIDS
TO MARITIME NAVIGATION AND HYDROGRAPHY

Special Publication No. 39 of the International Hydrographie Bureau entitled Radio 
Aids to Maritime Navigation and Hydrography deals with the principles and gives a 
general description of radioelectric systems and instruments used in navigation and 
hydrographic surveying. The 2nd edition, 1965, of this work is a complete revision and 
recast of the 1st edition issued in 1956, with new additions. It includes the total number 
of Supplementary Papers which have already been published, and contains the following 
chapters and sections :

INTRODUCTION.

CHAPTER I. —  Spectrum and Propagation oi Electromagnetic W aves :
1. Frequency Spectrum of Electromagnetic Waves;
2. Propagation of Electromagnetic Waves.



CHAPTER IL —  Radio Systems used in Maritime Navigation :
1. Radio Direction-finding; 2. Loran; 3. Decca; 4. Consol; 5. Radar.

CHAPTER III. —  Radio Systems used in Hydrographic Surveying :
1. Decca; 2. Shoran; 3. Electronic Position Indicator (E.P.I.) ; 4. Shoran and E.P.I. in Offshore 

Hydrographic Surveying; 5. Raydist; 6. Lorac; 7. Rana; 8. H i-Fix; 9. Hydrodist; 10. Micro­
wave Position-Fixing System (M. P. F. S.) ; 11. Derveaux; 12. Toran.

CHAPTER IV. —  Computation and Plotting of Hyperbolic Lattices :
1. General; 2. Methods of the Danish Hydrographic Office; 3. Methods of the French Hydro- 

graphic Office; 4. Method of the U. S. Naval Oceanographic Office; 5. Method of the 
Swedish Hydrographic Department; 6. Methods of the Netherlands Hydrographic Office; 
7. Methods of the British Naval Hydrographic Office.

CHAPTER V. —  Electromagnetic Systems in Geodetic Surveying :
1. General Aspects and Use of Radio Positioning Systems; 2. Aga Geodimeter; 3. Telluro- 

meter; 4. Micro-Dist (Electrotape).

This work) in loose-leaf form, thus permitting subsequent additions, w ill be on sale 
at $ 15.00. It includes about 550 pages and 270 figures.

It w ill continue to be brought up to date in the future by the publication of 
Supplementary Papers, whose issue w ill be announced in both the International Hydro- 
graphic Review and the International Hydrographic Bulletin.

SUPPLEMENTARY PAPERS TO SP 39

The 10 Supplementary Papers already published are the following :
P aper  1 : Tellurometer and Micro-Dist (about 40 pages), price $ 1.00.
P ape r  2 : Raydist, Hydrodist, M. P. F. S. (Microwave Position-fixing System) and Derveaux (about 

70 pages) price $2.00.
P ape r  3 : Decca in Hydrographic Surveys, Lorac, Rana and H i-Fix (about 90 pages), price $2.50. 
P ape r  4 : Decca in Navigation (about 30 pages), price $ 1.00.
P ape r  5 : Loran (about 60 pages), price $ 2.00.
P a pe r  6 : A G A  Geodimeter (about 25 pages), price $0.70.
P a pe r  7 : Shoran and EPI (about 45 pages), price $ 1.20.
P ape r  8 : Radio Direction -  Finding, Consol, Radar (about 45 pages), price $ 1.20.
P a pe r  9 : Introduction, Wave Propagation, Geodetic Use of Radio Positioning Systems (about 

35 pages), price $ 1.00.
P a pe r  10: Toran, Computation and Plotting of Hyperbolic Lattices (about 80 pages), price $2.50.

A  Special Supplementary Paper containing the Preface, the Table o f Contents and 
the General Index was issued (about 15 pages), price ; $ 0.50.

Finally, a loose-leaf cover for filing the various Supplementary Papers making up 
the 2nd edition of the SP 39, is available at the price of $ 1.50.

SUPPLEMENTS TO THE INTERNATIONAL HYDROGRAPHIC REVIEW

The purpose of these Supplements is to complete the basic work that SP  39 represents, 
by publishing articles, some of which give the practical points o f view  or the conclusions 
of the users of electromagnetic instruments and systems, and the others may be technical 
and scientific notes in connection with the theoretical subjects dealt with in SP 39. 
Other articles are either outlines of systems, whose development is contemplated or the 
improvement of those already existing.



The Supplements already published are :
V olume  1, October 1960 (about 150 pages), price $5.00.
V olume  2, October 1961 (about 150 pages), price $5.00.
V o l u m e  3, November 1962 (about 100 pages), price $3.00.
V olum e  4, December 1963 (about 130 pages), price $4.00.
V o lum e  5, April 1964 (108 pages), price $ 3.00.

V olum e  6, September 1965 (130 pages), price $4.00.

Later Volumes w ill be announced in the International Hydrographic Review and the 
International Hydrographic Bulletin.

Conditions of sale of International Hydrographic Bureau publications are as follows :
Orders may be sent either to a bookseller or direct to the International Hydrographic Bureau, 

Avenue President J.F. Kennedy, Monte-Carlo (Principauté de Monaco). Owing to exchange fluctuations, 
prices are quoted U.S. dollars. Packing and shipping expenses are extra.

A  reduction of 30 % on the list prices is allowed to book-sellers. The same reduction is granted to 
government offices and to naval or merchant marine officers of States Members of the Bureau, provided 
the order is sent direct to the Bureau.

Payments to the International Hydrographic Bureau may be made by international money order; 
by cheque payable in Monaco; by transfer to the International Hydrographic Bureau’s account at 
Barclays Bank Ltd, Chief Foreign Branch, 168 Fenchurch Street, London E. C. 3; or by transfer to 
the International Hydrographic Bureau’s account at Barclays Bank D. C. O., 120 Broadway, New York, 
N. Y. Postage stamps or cash are not accepted.



LORAC - A Decade of Experience 
in Hydrographic Survey Control

Operational tests of the LO R A C  system by the U. S. Navy Hydro- 
graphic Office in various parts of the world during 1951 and 1952 
established its suitability for hydrographic survey control. From 1952 
to the present, numerous LO R A C  networks have been delivered to the 
U. S. N avy Hydrographic Office and have been used for world-wide 
operations supervised by Seiscor engineers.

The success of LO R A C  can be attributed to several factors. The 
accuracy achieved is greater than the specified requirement. The equip­
ment is unitized and ruggedized to provide a high degree of portability. 
The units are of such size and weight as to be transportable by a small 
helicopter. Thus, with this equipment it is possible to set up shore-based 
transmitting stations at heretofore inaccessible points.

Because of its compactness and rapid installation time a network can 
be moved easily from one location to another and can be maintained with 
a minimum of trained personnel. The extensive coverage of a LO R A C  
network reduces the total number of equipment moves required in 
surveying large areas.

In a recent LORAC-controlled survey more than 30,000 miles of 
soundings were completed in less than 2,400 hours of operation.

Seismograph Service Corporation
BOX 1590 • TULSA, OKLAHOMA, U.S.A. 

l o r a c  s e c t i o n



Located in a m oving vessel or 
a irc ra ft,  th is  R aydist Position  
Ind ica to r fu rn ishes  continuous 
a u to m a tic  p o s it io n  d a ta  in  
te rm s o f d ire c t d is tance  to  
each o f two fixed  re lay s ta tions .

POSITION
PINPOINTED
BY

RAYDIST
IN HYDROGRAPHY, OCEANOGRAPHY, 
MARINE NAVIGATION, SHIP TESTING, 
DREDGING, AND CABLE LAYING

Sensitivity to Vi meter, repeatability to a few meters at 
ranges of 100 to 250 miles! Raydist, the world’s most pre­
cise radio location system is highly accurate, yet lightweight, 
portable, and versatile, and is not limited to line-of-sight 
operation.

Virtually an all-weather system, the high-powered Raydist 
operates at ranges in excess of 250 miles during daylight 
and 100 miles at night. Miniaturized Raydist Stations are 
available for ranges up to 25 miles. The Miniaturized Sys­
tems are completely transistorized and battery powered, 
offering the utmost in portability.

Both the High-Powered and Miniaturized Raydist Systems 
offer the greatest accuracy in radio-location systems and 
are simple to operate. Raydist requires no monitoring, chart 
correction, or area calibration. Antenna pointing and stabi­
lization are eliminated. Plug-in type modular construction 
of sub-assemblies assures maximum serviceability and 
simplifies maintenance.

NOW AVAILABLE is the new compact, transistorized Raydist 
Buoy Station — completely self-contained and weighing 
only 45 pounds. Ideal for sea search and marine salvage 
operations.

For complete information write or call . . .

HASTINGS - RAYD 1ST inc.
PArk 3 -6531H AM PTO N , VIRG INIA



FRENCH INSTITUTE OF NAVIGATION
3, Avenue Octave-Gréard —  75 - PA R IS  (7e)

Publishes a Technical Review on 
M aritim e and A eria l Navigation  

entitled :

NAVIGATION
which is issued quarterly

•  Membership. —  Applications should be addressed to the Secre­
tary-General. Admission is decided by the Council. Navigation is 
despatched regularly to Members of the French Institute of Naviga­
tion.

•  Annual Dues :
—  Active Members ....................................... 45 F
—  Associate Members (resident abroad) . . .  50 F

•  Payment. —  Preferably by bank transfer or postal payment to 
the Association's Postal Order Account : I.F.N . 1581-32 Paris.

Bank cheques payable in Paris in French francs, are accepted.



Marine Terminal 
of the 

Esso Refinery 
Milford Haven

All preliminary hydrographic survey work in 
connection with the new Esso Refinery at 
Milford Haven was carried out by Kelvin 
Hughes acting on the instructions o f the Esso 
Petroleum Company, Ltd. The Mari ne Terminal 
shown here has been designed to handle two 
ocean-going tankers o f up to 100,000 tons 
deadweight and an outgoing coastal tanker o f 
up to 5,000 tons deadweight simultaneously. 
Hydrographic surveys o f every description are 
undertaken by Kelvin Hughes. Specialist 
Surveyors, using the most modern equipment, 
are available for surveys anywhere in the world.

S.  S m i t h  &  S o n s  ( E n g l a n d )  L t d .

S )  KELVIN HUGHES DIVISION
St. C la re  H ouse, M inorées, London, E.C.3
T e lep h o n e  : Roya l 8 7 41 G ram s : M a r in s t  Ph one London
C a b le s : M a r in s t  London«EC3



LEPAUTC

COMPAGNIE GENERALE D’ELECTRONIQUE INDUSTRIELLE LEPAUTE

63, Boulevard Bessières — P a r is  ( x v i i ")

Tel. MAR. flr>00



users 
are many

here are a few
Mersey Docks & Harbour Board 
Calcutta Port Authority 
Nigerian Port Authority 
Port of Hamburg 
Port o f Gothenburg 
Finnish Board of Navigation 
Dutch Waterways Authority 
Westminster Dredging Co., Ltd, 
James Dredging Co., Ltd.
Kelvin & Hughes Surveys 
Richard Costain Ltd.
George Wimpey Ltd.
Hydrographic Services Australia 
Micoperi Italy
Canadian Hydrographic Office
Department of Mines Canada
Shell-B.P Nigeria
Shell Oil Canada
India Oil & Gas Commission
Royal Navy
British Ship Research Ass.
U.S. Navy
U.S. Coast & Geodetic Survey 
National Defence Agency Japan 
Vickers-Armstrongs Shipbuilders Ltd.

here are a few

DREDGING • CIVIL ENGINEERING 
HYDROGRAPHIC AND GEOPHYSICAL 
SURVEYS • SHIP'S SPEED AND 
MANOEUVRING TRIALS • SALVAGE 
UNDERWATER CONTROL

SURVEY—ACCURACY 
ELECTRONIC POSITION FIXING



Aviographe W ild B8

L' instrument idéal 
pour la carte marine.
R e s t i t u t i o n  d e s  v u e s  g r a n d - a n g u l a i r e s  

e t  s u p e r g r a n d - a n g u l a i r e s

Agent exclusif en France : SOCIÉTÉ W ILD  PAR IS
41, Avenue de Villiers - Paris 17s
W AG ram  83-99



BATHYTHERMOGRAPH (BT)

The illustration shows the improved 
model BT, complete with its accessories, 
which comes packed in a strong, shock- 
proof carrying case. A ll improvements have 
been field tested and accepted by the U.S. 
Navy, as w ell as other oceanographic 
research groups. The BT operates at 
various depths, down to 900 feet (275 
meters) and may be towed at ship speeds 
up to 20 knots. When in service, the BT 
stylus makes a trace on a glass slide 
which indicates the measured temperatures 
and depths during the towing cycle. Sen­
sitivity and accuracy are guaranteed ; the 
device w ill operate without hysterisis.

OCEANOGRAPHIC WINCHES

Heavy duty oceanographic winches are available for all w ire diameters, with large 
capacity drums, either with electric motor or hydraulic systems, rated at from 1 to 30 HP. 
The standard 3 HP BT winch may also be used for light oceanographic survey work as 
the drum holds 1,000 meters of wire. The winches are carefully built for heavy service 
and minimum maintenance. They are used aboard leading research ships operating in all 
oceans, including the Antarctic. Additional equipment such as meter wheels, oceanographic 
w ire, current meters, water bottles, bottom samplers, etc. are available in various sizes 
and types.

G. M. MFG .  & IN S T R U M E N T  CORP.
------- 12 East 12 St., New York, 3, NY. U.S.A. ------
WORLD'S LEADING SUPPLIER OF OCEANOGRAPHIC INSTRUMENTS



THE JOURNAL OF THE INSTITUTE OF NAVIGATION

The Journal regularly publishes authoritative papers on 
every aspect of navigation, including hydrography and 
oceanography. In addition it includes a record of current 
navigational work, reviews of important books, and other 
matters of concern to those interested in navigation. It is 
published quarterly, from January, and costs £  1 (84s per 
annum post free). Subscriptions should be addressed to the 

Institute.

THE INSTITUTE OF NAVIGATION

at the Royal Geographical Society, 1 Kensington Gore 

London, S. W. 7



Cubic Autotape fixes position of ships 
or aircraft within 2 meters over 30 miles!

Check this performance turned in by Cubic’s 
all-new Autotape, today’s most advanced 
positioning system!

“ In a simple helicopter line-crossing opera­
tion alone, measurements made at a distance 
of 124 miles were within 1.42 meters of the 
true distance,”  reports off-shore surveyor 
John Chance of Lafayette, Louisiana. And 
Autotape turned in equally impressive accu­
racies on ship-to-shore distances of 30 miles.

Autotape is a truly automatic two-range sys­
tem that gives a near-perfect fix on ships or 
helicopters—speeding and simplifying hydro- 
graphic, geophysical, topographic or oceano­
graphic surveys.

Autotape, transistorized for portability, pro­
vides direct digital display of two ranges 
simultaneously each second. An all-weather 
system, Autotape requires no lane-counting, 
no calibration, can operate unattended, and 
uses antennas only three feet long. No other 
systetr. Hire it! For details, write Cubic Cor­
poration, Dept. E-116, Autotape Division, 
San Diego, California 92123.

C U B I C
C O R P O R A T I O N
SAN DIEGO. CALIFORNIA 02123

A U T O T A P E  D I V I S I O N



Foremost
in

Hydrography
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S O N A R  E Q U IP M E N T B Y  ED O  is recognized the world over as the finest 
hydrographic equipm ent available —  accurate, reliable, ruggedly built.

AN/UQN-1E. EDO MODEL 185 DEEP 
DEPTH SOUNDER, developed ori­
ginally for U. S. Navy, is now in 
quantity use by U. S. and other navies 
as well as commercially. Records 

accurately to 6,000 fathoms.

c $

AN /BQN -4A. EDO MODEL 578 SURVEY DEPTH RE­
CORDER (formerly Model 555) is versatile unit for 
measuring depth in relatively shallow waters — to 230 
fathoms. Ideal for deep depth penetration and general 

survey.

EDO MODEL 400 STRATAGRAPH. Unique 
sonar unit penetrates and records strata form­
ations underlying beds of rivers, lakes, coastal 
waters. In wide use to determine layers at 

which drilling foundations can be set.

E D O  C O R P O R A T IO N , College Point 5G, L. I., N . Y ., U .S .A . 
In Canada :
ED O  (C A N A D A ) LTD ., P. O. B ox 97, Cornwall, Ontario 
Export Sales and Service :
A E R O M A R I TIM E, IN C ., 2008 H illver Pl., N W , W ashington  
9, D .C.

••
*

*  w

NEW EDO MODEL 9006 TRANSISTORIZ­
ED DEPTH RECORDER can be used as 
«  through-the-ice » sounder, as helicopter- 
towed sounder and for all exacting survey 
jobs in any water to 460 fathoms, in vessels 
or ’copters travelling at speeds to 30 knots. 

'n r,
V
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MINIMUM SCOPE 
ANCHOR

k .
\

l\.

O.R.E. MINIMUM SCOPE ANCHORS

A  new, proven design for low cost, minimum 
scope anchors to moor buoys or other devices 
at any depth. The anchor with suspension rig is 
stable during lowering and is designed to dig 
into soft bottoms, preventing lifting or skipping. 
Operates with nearly vertical cable angles, 
reducing the amount of cable needed for per­
manent mooring. Availab le in a variety of sizes 
up to 20 000 lbs (9 000 kg).

LOWERING PENETRA- HOLDING 
TING

O.R.E. BOTTOM PINGER

A  proven self-powered, w idely used signalling device which 
is attached to the end of the oceanographic w ire  and permits 
accurate location aboard ship regardless of water current structure 
or w ire  configuration. It is very useful for lowering instruments to 
or near the ocean bottom and may be used to position water 
bottles, bottom sampling equipment, deep-sea cameras, or other 
equipment we offer. The signal can be received on any 10 or 12 Kc 
ship sonar system. The pinger has a special casing to withstand 
pressures at any ocean depth.

O.R.E. GEOMAGNETIC ELECTROKINETOGRAPH
(GEK)

The GEK reliably measures surface water 
current velocities while being towed at 
speeds up to 12 knots. This system has been 
proven to provide accurate recording of 
water velocities down to 0.1 knot. The GEK 
includes a calibrated recorder with geoma­
gnetic compensation features, highly stable 
electrodes with cable and a depressor.

O.R.E. TOWED TRANSDUCER VEHICLE

This enclosure of fiberglass construction is hydro- 
dynamically designed for “ quiet listening 
Transducers placed in the vehicle receive signals 
without interference from the ship's sound or 
motion, thereby permitting rapid and noise-free 
operation with increased sensitivity. It may be 
towed at speeds up to 20 knots at any depth, car­
rying a payload of 100 lbs (45 kg). Faired (low- 
drag) cable for rapid and noise free towing is 
available.

G. M. M FG .  & IN S T R U M E N T  CORP.
------ 12 East 12 St., New York, 3, N.Y. U.S.A. ------

WORLD WIDE DISTRIBUTORS OF ORE INSTRUMENTS 
MANUFACTURERS OF ALL TYPES OF OCEANOGRAPH IC  INSTRUMENTS



INSTRUMENTATION
Made By People Who Use Them

A broad range of oceanographic instruments 
and equipment are provided by Alpine to the 
academic, industrial and government organiza­
tions which comprise the oceanographic com­
munity. Alpine's fie ld experience in surveys and 
research has been invaluable in the develop­
ment and ready acceptance of its many prod­
ucts. “ Made By People Who Use Them ’”  is fact, 
and a slogan used in all advertising.

Alpine products incorporate the most sophisti­
cated systems instrumentation, yet retain suf­
f ic ient versatility and simplicity to insure their 
effectiveness as workable tools which perform 
under the adverse, although standard, marine 
environmental conditions. As a result, users of 
Alpine equipment are assured that their re­
search programs will provide a maximum of 
productive results.

ALPINE GEOPHYSICAL ASSOCIATES, INC.
OAK STREET, NORWOOD, NEW JERSEY 07648 , U.S.A. Te l. (201) 768-8000 Cable “ ALPGEO”



THE

INTERNATIONAL HYDROGRAPHIC REVIEW



F O R E W O R D

The Internationa] Hydrographic Bureau was founded in 1921 w ith the 
objective o f maritime security to be achieved through the standardization of 
the nautical chart and related publications, the improvement o f hydro- 
graphic survey practices, and in general the establishment of a close and 
permanent association among all hydrographic services.

The International Hydrographic Review is published in January and 
July o f each year in both English and French editions. The Bureau 
welcomes articles on hydrographic, topographic and photogrammetric 
surveying, radio aids, navigation and allied subjects, new instruments and 
equipment, new hydrographic ships and boats as w ell as articles on the 
history and organization of hydrographic offices.

An honorarium o f 15 gold francs (about 5 U.S. dollars) per printed 
page o f 600 words w ill be paid fo r all original articles accepted, including 
tables and diagrams but excluding photographs. In addition the Bureau 
w ill, upon request, supply each author free o f charge with a total o f 50 
reprints o f his article in one o f the two official languages o f the Bureau 
(or w ith 25 in English and 25 in French).

Articles should be in English or French, typewritten, double spaced, 
and i f  possible in duplicate. However, in order to achieve a well-balanced 
distribution of subject matter in the various issues o f the Review the 
Directing Committee reserves the right to print articles in an appropriate 
issue.

Deadline notice
January issue w ill close 1 August 
July issue on 1 February

Articles should be addressed to :

The President o f the Directing Committee, 

IN T E R N A T IO N A L  H YD RO G R APH IC  BUREAU,

Avenue Président J.F. Kennedy

M O NTE CARLO,
(Principality  o f Monaco).

The Directing Committee are not responsible for statements 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 Inter­
national Hydrographic Bureau.

Information concerning advertisements in the Review will be supplied on 
request.
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