
Ferranti. Europe's leader in
inertial navigation.

The leading position of Ferranti in defence electronics is especially evident in our
navigation systems.

Highly developed resources and wide experience in this field have given us a
notable record of success.

Ferranti inertial navigation systems are currently being used by the Royal Air Force
and by the air forces of Germany, Italy and Japan in the Jaguar, Harrier, Tornado,
Nimrod and Mitsubishi F-l aircraft and have recently been selected for the Harrier
GR5 programme. They also feature in the Royal Navy and Indian Navy Sea Harriers.

The FIN 1110 2-gimbal inertial system has been specially selected for the Hughes
530 MG helicopter.

The FIN 3020 Ring Laser Strapdown Inertial Nav/Attack system is being
developed for the Ministry of Defence.

Other Ferranti successes include integrated weapon aiming systems, inertial space
guidance systems, survey equipment, and precision instruments such as gyroscopes,
compasses and rotary scanners.

Ferranti Defence Systems Limited,
Navigation Systems Department,
Silverknowes, Edinburgh EH4 4AD
Telephone: 031-3322411 Telex: 727101

Jnl. of Navigation, 38, 3

FERRANTI
Navigation Systems

(0

https://doi.org/10.1017/S0373463300032690 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300032690


1 Low Cost • Integration of all common navigation
systems and marine sensors • 24 V DC • Integral
Display & Keypad • Flexible & User Friendly • Rugged
Splashproof Case • Optional GPS Receiver
• VME based • Integral disc drive

NS1000 is the first truly
transportable Integrated
Navigation System designed
primarily for the Offshore and
Marine Industries.

Based on the Motorola
MC68000, the system
provides full diagnostics,
test facilities and
specifiable survey modes.

A full range of peripherals such
as remote keypad are available.

Further information from
GEOFIX LIMITED
9 John's Place, Leith
Edinburgh, EH6 7EL, Scotland.

Telephone: 031-553 3551/4511
Telex: 727880
Fax:031-554 6441 GEOFIX LTD
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Specifying precisely the right gyros can make or break any gyro-controlled . Our gyros are used
system, whatever its field of application. It was because we could not in missile guidance
afford such a fundamental error that we became gyro manufacturers and control systems;
ourselves: nobody else could satisfy our need for high precision, low '" aircraft navigation,
weight and rugged reliability combined with low cost and large-scale aftnirtg sysfemsw£0"S~
production. Today, our gyros are at the heart of a whole range of
high-precision systems throughout the world, in everything from
submarines through aircraft and missiles to spacecraft. Whether
your need can be met by gyros supplied off the shelf or requires
specifically designed gyros, we may have the answer: it takes
no more than a call or letter to find out.

submarine and ship
navigational systems;

in gun stabilisation and
sighting systems.

For full information, please write stating field of application to:

British Aerospace
P.B. 181, Six Hills Way, Stevenage, SG1 2DA, Herts, England.

100 Pall Mall. London SW1, England
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The essential reference for all
interested in Seafaring

THE

SHIPS
ATLAS

*50 A3 size Maps -

*Over 9,000 ports
and terminals shown

*Single index with port
information, max. size,
bunkering, etc.

* Extra features include
distance tables,
load line zones,
ocean currents, etc.

Priced £25 (£28 o/seas) from:
SHIPPING GUIDES LIMITED
75 Bell Street, Reigate, Surrey, RH2 7AN, U.K. Telex: 917070
PUBLISHERS OF: GUIDE TO PORT ENTRY • GUIDE TO TANKER PORTS
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THE

INTERNATIONAL
HYDROGRAPHIC

REVIEW
Half-yearly, 160 pages (approx.) 18 x 27 cm. Price 110 French francs*

Yearly subscription 200 French francs*

Among the papers of interest in the July 1985 issue are:

• Toward improved accuracy standards for hydrographic surveying
(S. ALPER & J. D. BOSSLER)

• Satellite positioning - The surveyor's operational requirement
(W. J. PREISS)

• A step forward in the methods of getting a fix at sea
(V. MAESTRE GIMENO)

PUBLISHED BY THE

INTERNATIONAL HYDROGRAPHIC BUREAU
7, av. President J. F. Kennedy,

B.P. 345-MC 98000 MONACO

The Bureau also publishes monthly

THE INTERNATIONAL
HYDROGRAPHIC BULLETIN

A bilingual journal - English and French-giving news of hydrographic
activities worldwide. Lists in detail charts published by Member States of the
International Hydrographic Organization, and contains a selective biblio-
graphy of recent works in the fields of hydrography, descriptive oceano-
graphy, navigation, cartography, etc.

Approx. 30 pages, 21 x 30 cm, 13.50 French francs per copy*
Yearly subscription: 135 French francs*

* Postage extra

(v)

https://doi.org/10.1017/S0373463300032690 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300032690


THE ROYAL INSTITUTE OF NAVIGATION

PATRON

H.R.H. THE PRINCE PHILIP DUKE OF EDINBURGH, KG, KT, OM

OFFICERS AND COUNCIL 1984-85-

PRESIDENT

J. E. D. Williams

VICE-PRESIDENTS

Professor J. F. Kemp
J. H. Beattie

HONORARY TREASURER

G. A. B. King, CBE

CHAIRMAN OF THE TECHNICAL COMMITTEE

M. G. Pearson

CHAIRMAN OF THE MEMBERSHIP AND FELLOWSHIP COMMITTEE

Commander A. E. Fanning, MBE, DSC, ROYAL NAVY

Other Members of Council

W. F. Blanchard Captain L. W. J. Fifield
Wing Commander D. W. Broughton, MBE, RAF E. A. Green
C. St J. H. Daniel Air Commodore D. F. H. Grocott
Lieutenant Commander A. G. Dyer, CBE, AFC, RAF

MBE, ROYAL NAVY D. W . Newson

Wing Commander E. E. Eatwell, RAF Captain D. G. Ross

DIRECTOR

Rear Admiral R. M. Burgoyne, CB

https://doi.org/10.1017/S0373463300032690 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300032690


CONTENTS
PRESIDENTIAL ADDRESS: AIRCREW AND AUTOMATION. B. J. CALVERT . . . . i
FLIGHT MANAGEMENT SYSTEMS. V. W. ATTWOOLL AND A. BENOIT: FUEL ECO-

NOMICS EFFECTED BY THE USE OF FMS IN AN ADVANCED TMA. R. R.
NEWBERY: INTEGRATION OF ADVANCED DISPLAYS, FMS, SPEECH
RECOGNITION AND DATA LINK. T. C. R. G U E S T : FMS AIRLINE EXPERIENCE

TO DATE 19
NAVIGATION CHART DESIGN. A. J. KERR j 6
VESSEL TRAFFIC SERVICES AND THE NEW LAW OF THE SEA. E. G O L D 71
DEVELOPMENT OF ROUTING IN COASTAL WATERS. A. N. COCKCROFT . . . . 76
SECONDARY RADAR FOR VESSEL TRAFFIC SERVICES. I. M C G E O G H 81

THE EFFECT OF NEGLECTING THE SHAPE OF THE EARTH ON THE ACCURACY
OF SIGHT REDUCTION. G. G. BENNETT 8$

SAFETY STANDARDS FOR A 22-METRE DEEP-DRAUGHT ROUTE. J. A. VAN RIET,
J. KASPERS AND B. BUIS. 91

GLOBAL CIVIL SATELLITE NAVIGATION SYSTEMS. N . F . M A T T H E W S : USER
CHARGES FOR MARINE AIDS TO NAVIGATION. A. YAKUSHENKOV: SATEL-
LITE NAVIGATION SYSTEMS FOR THE USSR MERCHANT MARINE. V. H. M.
LIGTHART AND A. W E P S T E R : POSITION FIXING REQUIREMENTS FOR THE
MERCHANT SHIP. CONCLUSIONS OF THE CONFERENCE 114

A NEW GLOBAL ATLAS OF WAVE STATISTICS (Forum). N. M. C. DACUNHA AND
N. HOGBEN 141

N E V I L M A S K E L Y N E , T H E N A U T I C A L A L M A N A C , A N D G . M . T . EVA
G . R . T A Y L O R L E C T U R E . D . H O W S E i j 9

I N U I T N A V I G A T I O N , E M P I R I C A L R E A S O N I N G A N D S U R V I V A L . C . I R W I N . . . . 178
ASTRONOMICAL BACKGROUND TO THE INTERNATIONAL MERIDIAN CON-

FERENCE OF 1884. D. H. SADLER AND G. A. WILKINS 191

CHARTING BACKGROUND TO THE 1884 CONFERENCE. D. HASLAM 200
THE INTERNATIONAL PRIME MERIDIAN CONFERENCE, WASHINGTON,

OCTOBER 1884. S. R. MALIN 203

DEVELOPMENTS OF TIME SYSTEMS SINCE 1884. J. D. H. PILKINGTON 207
ASTRONOMICAL NAVIGATION SINCE 1884. A. E. FANNING 209
THE TERRESTRIAL COORDINATE SYSTEM AND INTERNATIONAL EARTH-

ROTATION SERVICES. G. A. WILKINS 216
RANDOM AIR TRAFFIC GENERATION FOR COMPUTER MODELS. J. L. GOODWIN

AND R. L. FORD 218

EFFECTS OF MEASUREMENT ERRORS IN ESTIMATING THE PROBABILITY OF
VERTICAL OVERLAP. S. NAGAOKA 234

THE EVOLVING LAW OF THE SEA. S. HAINES 244

FUEL CONSUMPTION IN CONTAINER SHIPS ON THE NORTH ATLANTIC.
R. MOTTE AND C. A. LAURENCE 2j8

THE RELIABILITY OF SURFACE CURRENT OBSERVATIONS. G. E. VENENDAAL. . 266
WEATHER ROUTING OF SHIPS FOR THE NORTHERN OCEANS. R. MOTTE . . . 274
WINDWARD PASSAGE. MICHAEL. RICHEY 283

A DECIMAL SYSTEM OF CELESTIAL NAVIGATION BASED ON THE SECOND
(Forum). K. K. W H I T E 293

SPEED CONTROL: A USEFUL TOOL OF VTS (Forum). C. W. KOBURGER, J R . . . . 2 9 t

NAVIGATION AND OFFSHORE OIL. J. PATON 30J
AN INQUIRY INTO NORTH SEA NAVIGATION. V. H. M. LICTHART 332
VESSEL TRAFFIC SERVICES AND THE LAW. A. DE BIEVRE 347
THE CALCULATION OF MARINE COLLISION RISKS. W. G. P. LAMB. . ' . . . . . 3 6 j
NAVIGATION BY COMPUTER PROCESSING OF MARINE RADAR IMAGES.

G. L. AUSTIN, A. BELLON, M. RILEY AND E. BALLANTYNE 37j

https://doi.org/10.1017/S0373463300032690 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300032690


NAVIGATION EQUIPMENT STANDARDS FOR MERCHANT SHIPS. J. H. BEATTIE 384
AUTOMATION IN AIR TRAFFIC MANAGEMENT. S. Ratcliffe 4 o j
THE DELCO PERFORMANCE MANAGEMENT SYSTEM. P. MOORE AND

D. M. PAGE 4 r 3

EXTENDED RANGE OPERATION OF TWIN-ENGINED PUBLIC TRANSPORT AIR-
CRAFT. I-V. W. ATTWOOLL: II—A. LISTER: III-S. GRIEVE: 423

HOW CHILDREN NAVIGATE. C. SPENCER AND M. BLADES 44J

https://doi.org/10.1017/S0373463300032690 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300032690


The Journal of Navigation, September 198J

THE ROYAL INSTITUTE OF NAVIGATION

THE OBJECT of the Institute is to unite in one body those who are
concerned with or who are interested in the science and art of navigation.

Membership is not restricted to those who hold professional qualifications,
but is open to others who wish to further the aims of the Institute.

By coordinating the knowledge and achievements of marine and air
navigators, scientists and those associated with the development and production
of navigational equipment, the work of the Institute is directed towards raising
the standard of navigation. In the field of education it is the aim of the Institute
to bring practical navigators into contact with teachers and research workers
to increase a common appreciation of the issues involved. It is an object of
the Institute to encourage research in equipment and methods; through its
publications it gives a wide circulation to original work on navigation so that
new developments and suggestions can be appreciated by those most directly
concerned with them.

The activities of the Institute include the holding of monthly meetings to
discuss specific problems, the publication of a Journal and of other works
concerned with different aspects of navigation, and such other activities as the
Council may deem necessary to promote knowledge in navigation and its
associated sciences.

The Journal of Navigation is issued free to all Members and contains a full
account of the Institute's proceedings. It prints the papers which are presented
at meetings, together with their ensuing discussion, and other original papers
contributing to the science of navigation. It also contains a record of current
navigational work, reviews of important books, and general papers of interest
to navigators and those with similar interests.

The work of the Institute is coordinated with that of similar societies abroad,
whose proceedings are available to members.

Membership. There are five classes of membership of the Institute:

(1) HONORARY MEMBERS, who shall be distinguished persons upon
whom the Council may see fit to confer an honorary distinction.

(2) FELLOWS, who shall be members, of at least three years' standing
who, in the opinion of the Council, have made a contribution of value
to navigation.

(3) MEMBERS, who shall be persons over twenty-one years of age who
can satisfy the Council of their interest in navigation.

(4) STUDENT MEMBERS, who shall be persons under twenty-five years
of age studying with a view to making navigation, or an allied interest,
their career.

(j) CORPORATE MEMBERS, who shall be companies, universities,
navigation schools, government departments and other organizations,
here and abroad, who are directly or indirectly interested in the science
of navigation. Corporate Members are entitled to send representative to
all Institute meetings and to receive six copies of the Journal, and other
publications. They are encouraged to take an active part in the Institute's
work. Applications should be sent by letter addressed to the Director.

Subscriptions. Annual subscriptions to the Institute are payable in
advance as follows:

Members and Fellows . . . . . . £23.00
Student Members . . . . . . . £j.oo
Corporate Members. . . . . . . £[jo.oo

The Institute's financial year begins on 1 July. Members in any category
who are elected after 1 January in any year are only due for one half of their
subscription until 1 July, when the full subscription for the next year becomes
due.
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TRACIYB
PROFESSIONAL SURVEY SYSTEMS

Mobilise in hours with no performance
risk using Qubit's TRACIV B Survey
Systems! Hundreds of completed
contracts and satisfied clients testify to
an unrivalled capability for delivering on
time and to specification.
Trac systems for:-
Hydrographlc Survey: used and
accepted for Ministry of Defence work
since 1983
Pipeline ROV Survey: to Shell and
Statoil specification since 1981
Barge work: on cross channel cable
project for CEGB since 1982,
are just some of Qubit's quiet
achievements. TRAC IV B not only
provides all real-time functions, the
interfacing and integration of survey
data, operator displays and logging
information, - but also complete
onboard processing of data. Thus
reports and fair chart drawings can be
completed within hours.

The ruggedised compact systems
are easily shipped and installed.
Operators find them effective and
friendly, making for efficient vessel and
equipment operation. Reports and
drawings can be finalised on-board and
fast response for systems, spares or
support is our business
Contact Oubil for a survey system as
tough as your contract.

Qublt UK Limited
251 Ash Road Aldershot
Hampshire GU12 4DD
Telephone(0252)331418
Telex 858593 OUBITG
Oublt Ply Limited
18 Prowse Street West Perth
Western Australia 6005
Telephone (09) 322 4955
Telex AA93960
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