'The JOURNAL of
[LHE INSTITLUIE
'OF NAVIGATION

3

, VoL. 18, NO. 3 Jury 196§
3 Visual Factors in Aircraft Navigation : 257
E. Heap _
Estimating Safe Separation Standards for Air Traffic 28¢

K. H. TREWEEK

The Design of Ships” Bridges 297
A DiscussioN

The Distribution of Aircraft Track-keeping Errors 312
M. R. AsBOTT

Loran-Inertial Navigation Systems for Long-Range Use : 319
L. E, De Groor

Radar Design in Relation to Human Performance ‘ 330
H. C. FREIESLEBEN

Ice and its Effect on Navigation in the Baltic Sea 336
C. J. WENNINK

A Radar Computer for the Closest Point of Approach 355
P. G, TARNOWSKI

The Economics of Automation 366
A PiscussioN

: FORUM
Interpretation and Behaviour in using Radar at Sea 383
D. A. Daviss
Reviews 385

"THE INSTITUTE OF NAVIGATION
. i THE ROYAL GEOGRAPHICAL SOCIETY
| 1 KENSINGTON GORE LONDON SWy

OHN MURRAY (PUBLISHERS) LTD., so ALBEMARLE STREET, LONDON wi

PRICE TWENTY SHILLINGS
- https://doi.org/10.1017/50373463300019159 Published online by Cambridge University Press


https://doi.org/10.1017/S0373463300019159

The Journal of the Institute of Navigation,

THE INSTITUTE SQF - NAVIGATEON

Patron

H.R.H. PRINCE PHILIP DUKE OF EDINBURGH, k.c., K.T.
OFFICERS AND COUNCIL 1964-65

President
Rear Admiral E. G. Irving, c.B., 0.B.E.

Vice-Presidents
Air Marshal Sir Edward Chilton, k.s.E., c.B.
Francis Chichester, c.B.E.

Honorary Treasurer
Captain M. E. Butler Bowdon, 0.B.E., R.N.

Chairman of the Technical Committee
G. E. Beck

Chairman of the Membership and Fellowship Committee
Captain A. J. R. Tyrrell

Council Members

Captain W. R. Colbeck, R.N.R. Air Vice Marshal W. E. Oulton, c.sB.,
Captain A. F. Dickson C.B.E., D.S.0., D.F.C,

Commander C. E. N. Frankcom, R.N.R. 8 g([) .wijlge

Wing Commander D. F. H. Grocott, A.F.C.  Captain F. Ormonroyd, D.F.M.

Captain W. L. Manson A. Stratton

Executive Secretary : M. W. Richey
Deputy Secretary : F. George

The Journal of the Institute of Navigation
TuE Journal is published quarterly by the Institute and is edited by M. W,

Ricury, It contains original papers contributing to the science of navigation,
including those presented at meetings of the Institute together with the ensuing
discussion. In addition the Journal includes a record of current navigational
work, reviews of important books, and other matters of concern to those
interested in navigation, The views expressed in the Journal are not neces-
sarily those of the Institute, or of any organization or department to which the
authors may belong.

The Journal is free to all members of the Institute, It is sold to the public at
twenty shillings per copy or, by subscription, at eighty-four shillings per annum
(post free) and may be obtained through all booksellers and John Murray
(Publishers) Ltd., so Albemarle Street, London W1.

Contributions, which are welcomed from both members and non-members,
should be addressed to the Editor.

Enquiries for advertising space should be addressed to the Institute offices.

The postal address of the Institute is:

The Institute of Navigation,
at The Royal Geographical Society,
1 Kensington Gore, London SW7y.

” Telephone : Kensington 5021
- hitps://doi.org/10.1017/50373463300019159 Published online by Cambridge University Press


https://doi.org/10.1017/S0373463300019159

July 1965 Page i

This technique, recently developed by Decca, substan-
tially increases accuracy of the Decca fix at the outer
limits of normal Decca coverage since the Mark 12
receiver and the Multipulse transmission system combine
to give very reliable lane identification. This is facilitated
by placing the chain selector switch on the indicator

unit, thus permitting rapid chain selection.

THE DECCA NAVIGATOR MK 12 MULTIPULSE

CRAN

S &

Charts for many areas overprinted with position lines from
more than one Decca chain are now available. This new
facility will be most useful to those using Decca at the
longer ranges or requiring to make a landfall at the
earliest opportunity.

THE DECCA NAVIGATOR COMPANY LIMITED - LONDON
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Cubic Electrotape measures
where chain and tape can't!

Where other surveying methods are
impossible . . . Cubic Electrotape
gives fast, accurate measurements,
This precise electronic instrument
measures distance across water or
impassable terrain. Its range ex-
tends from a few feet to 30 miles.

Cubic DM-20 Electrotape Unit

Time saving offshore uses include
drilling site location, dredge posi-
tioning, oil exploration, and other
stationary hydrographic and ocean-
ographic surveys.
Simple operation...
Electrotape weighs only 24 pounds
and is extremely simple to operate.
Inexperienced personnel can be
used, eliminating the need for costly
stand-by electronics technicians.
Easy financing...
Electrotape is available for sale,
lease or rental. It quickly pays for
itself in dollar savings!

Write: Cubic Corp., Electrotape
Div., San Diego, California 92123.

DEPT. D.-179
&
S cuUBIC
CORPORATION

SAN DIEGO. CALIFORNIA 02123

LECTROTAPE DIV
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e SGN-10, sperry's LaTesT
DIGITAL/INERTIAL NAVIGATION SYSTEM,
HAS BEEN SPECIFIED BY PAN-AM

STABLE PLATFORM GROUP

COPE COMPANY LTD, BRACKNELL, BERKS. TEL: BRACKNELL 1301
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Marconi AD560

proved in service

the most accurate and reliable
civil doppler navigator

in the world

56~ SIXTY SERIES

-:\:.
A <
1% Z)E’.‘Lv'\'
SR

The Marconi AD560 doppler navigator will keep you on track and on time
whether you are flying supersonic or subsonic over land or sea.

Marconi airadio systems

The Marconi Company Limited, Aeronautical Division, Basildon, Essex, England LTD/ASS
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Forty-three different aircraft types, both civil and
military, throughout the world rely on Smiths
capacitance fuel gauging system. The Ilatest
version, the fully transistorised Type 4, provides
complete fuel management facilities in flight, and
automatic contro] of fuel loading on the ground;
thus greatly assisting the rapid turn around of
aircraft.

SMITIS #vearon eneson

\ The Aviation Division of S. Smith & Sons (England) Ltd.

KELVIN HOUSE,WEMBLEY PARK DRIVE,WEMBLEY, MIDDX
WEMBLEY 8888 AIRSPEED WEMBLEY TELEX: 23366
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THE MOST
H%%g@ RELIABLE

> SERIES OF
®)) JMARINE RADARS
Sl IN THE WORLD

Decca TRANSAR is a series of transistorised marine radars which
establishes a completely new standard of reliability for marine
electronics. Searching tests are carried out at all stages of design
and development, through extremes of heat, cold, humidity,
vibration, pressure and shock—and this rigorous testing programme
is continued after production to ensure that the high reliability
and quality standards are maintained.

The 17 sets in the TRANSAR series all represent a careful
integration of five basic elements: experience, design, manufacture,
test and service. Decca possesses unparalleled strength in all

of them and they are skilfully combined in the TRANSAR concept
to bring shipowners the finest radar in the world.

~

There are five groups in the 12-in Relative Motion Radars—

TRANSAR series corresponding 4 radars with 12-in displays, % to

to the main types of radar in 48 nm range; 10 kW or 25 kW
service: transceivers; 6-ft or 9-ft aerials.
Low Cost Radars—6-in display, High Definition Radars—2 radars
1 to 24 nm or 12-in display, % to with 12-in displays, ¥ to 24 nm

24 nm with-off-centring; 3 kW range with off-centring: 10 kW
transceiver; 4-ft aerial. transceiver; 6-ft or 9-ft aerials.

9-in Relative Motion Radars—= True Motion Radars—4 radars

5 radars with 9-in displays, % to with 12-in displays, % to 48 nm

48 nm range; 10 kW or 25 kW range; 10 kW or 25 kW transceivers;
transceivers; 4-ft, 6-ft or 9-ft aerials. 6-ft or 9-ft aerials.

for an illustrated brochure describing Decca Radar Limited
the comprehensive TRANSAR range Albert Embankment

in full, please write to
- ﬂ ﬂ N S ﬂ the nearest Decca Agent, or direct to:  London SE1

@ DR330b
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SKYROAD TO
ANYWHERE

The FERRANTI Moving Map Display

« ++ + = » The Ferranti Moving Map Display is designed
to meet ICAO and Eurocontrol Association require-
ments for pictorial navigation displays for the aircraft
of today and tomorrow.

The Ferranti Moving Map Display shows aircraft
position and track continuously and automatically on
optically projected film of aeronautical charts. The
Display is simple, accurate, reliable—greatly reduces
cockpit workload. Wide coverage is provided—
®snough film can be stored to cover ailmost any airline
operation in the world.

FERRANTI

First into the Future

FERRANTI! LTD., FERRY ROAD, EDINBURGH &

Telephone: DEANn 1211

The Ferranti Moving-Map Display—a military
version is now in production—can operate on out-
puts from inertial or Doppler navigation systems
or on suitable rho-theta information. R

’ The Ferranti Moving Map Display provides a

skyroad to anywhere.

EDJESD «
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| WORLD
| AEROSPACE
| SYSTEMS

Launched four years ago as ‘World
Aviation Electronics and Controls’, this
new-look monthly reports on the de-
velopment and uses of system concepts
throughout the aerospace industry.

A reduced subscription rate is offered
to members of The Institute of Navi-
gation, and specimen copies may be ob-
tained, without obligation, direct from
the Circulation Department, World
Aerospace Systems.

TR

S L AL R A RO O ST A O OO LA TR DT AR RO AL B L AR R R O D80

- HANOVER PRESS LTD.

s 4 MILL STREET,

s LONDON, W.I. HYDe Park 3936
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| INTRODUCING

!
|

international field of airline and
airport, engineering, supplies, ser-
vices and equipment...

!
A NEW JOURNAL in the l
|

.. .established 1964 — bi-monthly — supplying a comprehensive
coverage of its field. Contributors are acknowledged experts and i
their feature articles are designed to entertain as well as to
inform. These articles are supplemented in each issue with pages
of considered discussion of impartant matters in international air
transport, factual information, and regular features, to ensure the
fullest readership value.

Regular features include : air transport news ; pictorial and
diagrammatic presentations of aircraft, aircraft systems and flight
aids ; personalia ; new equipment ; air book reviews ; events and
meetings, etc. Summaries of feature articles 5s. 0d. per copy,

printed in French, German and Spanish. 30s. 0d. per annum.

Published by

AIR WORLD LIMITED
30/31 Furnival Street, London, E.C.4

An Industrial Newspapers publication

e e S ——
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BOOKS ON NAVIGATION

A HISTORY OF THE PRACTICE OF NAVIGATION
By COMDR. J. B. HEWSON, F.R.GS., RD., R.NR. (Retd.)
40/- Per Post 43/-

HARBOARD’S GLOSSARY OF NAVIGATION
Revised by CAPT. C. W. T. LAYTON, F.R.AS., M.LN., Assoc.LN.A.
21/- Per Post 22/~

NICHOLLS’S SEAMANSHIP AND NAUTICAL KNOWLEDGE
By C. H. BROWN, rrs.¢s., Extra Master
42/- Per Post 45/-

MAGNETIC COMPASS DEVIATION AND GORRECGTION

By W. DENNE, Extra Master :
25/- Per Post 26/1

DEVIATION AND THE DEVIASGOPE
By C. H. BROWN, r.rscs., Extra Master
34/- Per Post 35/2

HOME TRADE NAVIGATION GUIDE
By CAPT. WILLIAM MACFARLANE
45/~ ' ' Per Post 48/-

LAW AND PRACTICE OF SEA TRANSPORT
By CAPT. L. F. H. STANTON, AMIna.T.
63/- Per Post 66/-

Full Descriptive Catalogue * N’ Free on Request

BROWN, SON ano FERGUSON, LTD.

52 DARNLEY STREET, GLASGOW, S.1
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"‘NAVIGATION, LOS ANGELES’

Navigation, the quarterly Journal of the American Institute of Navigation, is available to
members of this Institute at a reduced subscription of £1 a year. Volume 12, No. 1 (Spring

1965), contains the following papers.

NAVIGATION TECHNIQUES USED IN THE THRESHER SEARCH

S. ¥. Knott

THE CURRENT STATE OF THE SCIENCE OF MARINE NAVIGATION

C. M. Fansky, Fr.

THE OMEGA NAVIGATION SYSTEM

E. R. Swanson and M. L. Tibbals

VLF RANGE-RANGE NAVIGATION ERROR CONTOURS

Ronald Braff and Nathaniel Braverman

MARINE COURSE COMPUTER SEA EVALUATION

Karl Burfeindt

AN AUTOMATIC SHIPBOARD DEPTH PLOTTING SYSTEM

W. 3. Tyler

THE IMPORTANCE OF THE BASIC MAGNETIC COMPASS IN GENERAL

AVIATION
William V. Kielhorn

A METHOD FOR THE EXACT CALCULATION OF SEA AND AIR MINIMUM
TIME TRACKS BY MEANS OF A DIGITAL ELECTRONIC PROGRAMMED

COMPUTER
‘Edgar Rissger and Gerhard Rinike

THE INSTITUTE FILE

RADAR
WATCHKEEPING

Captain W. D. Moss
With a foreword by

Captain J. H. Quick,
C.B.E.

Practical guide on the safe use of Radar
as outlined in Ministry of Transport
Notices, Nos. M445 and M463 (Use of
Radar and Navigation with Shipborne
Radar in reduced visibility).

An entirely new approach towards a
clearer understanding of the many
problems encountered when using
Radar at Sea. These problems are
presented in such a way that the watch-
keeper will think about them and be
better prepared to relate what he sees
on a properly adjusted P.P.l. to the
safe navigation of his vessel.

Subject matter, in 9 chapters, is clear,
easy to understand and is amplified by
about 80 diagrams.

Published 9th March, 1965. 8s. 6d.

THE MARITIME PRESS LIMITED
13 Long Acre, London, W.C.2,

THE DECCA NAVIGATOR
COMPANY LIMITED

247 Burlington Road,
New Malden,

Surrey.

Vacancies exist for qualified Electronic
Engineers and Technicians for a variety
of work on navigational aids devices
and electronic equipment associated
with hydrographic off-shore survey
techniques.

Applications are invited from suitably
experienced young men who would be
prepared to travel if required. Formal
qualifications to degree of H.N.C. level
are preferred for senior positions, but
Ex-R.A.F. Ground Wireless Fitters or
R.N. Electronic Artificers would be con-
sidered suitable for Technician vacancies.

Due to the vigorous expansion pro-
gramme designed to meet world wide
demand for Decca equipment interest-
ing and progressive positions carrying
attractive salarles exist. Applications
are invited in writing to the Personnel
Officer at the above address.
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THE INTERNATIONAL HYDROGRAPHIC
BUREAU

Avenue President J. F. Kennedy, MONACO

publishes
twice a year, in January and July, J
| an English and French edition of

THE INTERNATIONAL
HYDROGRAPHIC REVIEW

This publication contains articles of topical interest on
hydrography, hydrographic surveying and related
techniques.

I ——

Each volume contains an average of 160 pages, 18 X 27 cm.,
| and numerous illustrations.

Price per number $5 (US) excluding postage.

Orders should be sent direct to the Bureau’s Headquarters
in Monaco, but payments can be made to the Bureau’s
account at Barclays Bank Ltd., Chief Foreign Branch, 168

Fenchurch Street, London, E.C.3. J

A

A reduction of 309 on the price quoted is allowed to ||
booksellers. The same reduction is granted to government
offices and to naval or merchant marine officers of the ||
Bureau’s States Members, provided the order is sent direct

| i
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TORAN

Radio Navigation

and Radio Location system for maritime, on land
and airborne applications.

Range greater than 160 n.m.

Accuracy of one to a few yards

fight, mobile, self contained and

automatic equipment )

reliable operation under all climatic conditions

APPLICATIONS :

Navigation
Geophysical prospecting
Hydrography
Cables and pipe lines
Sounding and dredging

\

\\\\Q\\\\\\\\\\\\\\\\\\\ TR

RN

INSREN|
11717

, société dod’'Etudes, Recherches et
e constructions Electronigques
96, avenue Verdier - MONTROUGE (Seine) - Tél. : 253-37-74

a subsidiary of é\.
compuagnie Générale de Géophysique _/
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MEETINGS 1965

Wednesday, 22 September at 5.30 p.m. at the Royal Aeronautical Society

INERTIAL NAVIGATION AS A BASIS FOR
ANIMAL NAVIGATION
Dr. J. S. Barlow
Dr. Barlow, of the Neurology Service, Massachusetts General Hospital, examines the
ways in which animals may instinctively use inertial navigation. The author writes
from the point of view both of a biologist and an engineer.

Wednesday, 20 October at 2.30 p.m. at the Royal Geographical Society r
. OFF THE BEATEN TRACK
The twelfth in the annual series of lectures for nautical school cadets.

Wednesday, 27 October at 4.30 p.m. at the Royal Geographical Society

ANNUAL GENERAL MEETING
DUKE OF EDINBURGH’S LECTURE
THE CONTINENTAL DRIFT

Professor P. M. S. Blackett, c.H., F.R.S.

Professor Blackett will present the fourth Duke of Edinburgh’s Lecture. In the last |
two decades the studies of rock magnetism and oceanography have provided fresh
evidence in the controversy, first raised by Francis Bacon in the seventeenth century,
as to whether the continents of the earth have always been in the same place or have
moved. The lecturer, lately Professor of Physics at the Imperial College of Science
and Technology, University of London, is now deputy chairman of the Ministry of
Technology’s newly formed advisory council.

Friday, 19 November at .30 p.m, at the Royal Aeronautical Society

MULTI-PURPOSE AIRBORNE RADAR
T. G. Thorne
Mr. Thorne, of the Royal Radar Establishment, suggests additions to the weather i
radar carried by civil aircraft which would give facilities for terrain clearance, col-
lision avoidance and airfield approach.

Wednesday, 8 December at 3.00 p.m. at the Royal Institution of Naval Architects
THE TRAINING OF NAVIGATORS {

A meeting of the Technical Committee, which is open to Members and others on
application to the Executive Secretary.

Friday, 17 December at 5.30 p.m. at the Royal Institution of Naval Architects
RECENT NAVIGATIONAL AIDS TO FISHING
R. Bennett :

An account by Mr. Bennett, head of the Industrial Development Unit of the White
Fish Authority, of recent developments in aids to fishing which may have navigational
implications.
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INSTITUTE PUBLICATIONS

The Use of Radar at Sea ‘
A Handbook on Marine Radar.  (Hollis & Carter, 45s.)

Observational Errors

An elementary account of the ideas behind the statistical theory
of errors, by E. W. Anderson & J. B. Parker.  (John Murray, ss.)

I The Geometrical Seaman

An illustrated work on early navigational instruments, by E. G. R.
Taylor & M. W. Richey. (Hollis & Carter, 30s.)

The Mathematical Practitioners of Tudor and J
Stuart England
| by E. G. R. Taylor. (Cambridge University Press, 5gs.)

An account of the ideas, instruments and methods in navigation
and surveying between 1485 and 1715 with lists of the mathematical F
practitioners with biographical notes and details of their work.

The Mathematical Practitioners of Hanoverian |
England
by E. G. R. Taylor. (Cambridge University Press, 70s.) To be
published shortly.

This book, a sequel to the earlier volume, takes the story up to
1840, by which time the independent mathematical practitioner had |
virtually disappeared, absorbed into the large firm or organization as
a consequence of industrial and social change.

Journal Index
Vols. 1-15, 1948-63. (10s.).

from The Institute of Navigation
1 Kensington Gore, London SWy

-
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Kelvin Hughes P||0|0|l|0| Rudar

In this equipment the conventional rotating radar trace and P.P.I.
is superseded by a bright stable radar picture on which all echoes
on all bearings are displayed simultaneously. The screen, 24 inches
in diameter, is horizontal and covered with tracing paper on which
target speeds and courses can be plotted directly. Targets are de-
picted in black against a white background, and the picture can be
studied by several observers at the same time, both in daylight and
at night, without resorting to a visor or hood. True plot or relative
motion displays can be selected.

The radar information is first displayed in the normal way on a
34-inch cathode ray tube. This display is then automatically photo-
graphed on special 16mm film, processed in a few seconds and
projected on to the underside of a translucent screen. The time
interval between successively projected pictures can be set at 15
seconds, three minutes or six minutes, according to plotting re-
quirements. When the longer time intervals are used successive radar
paints of moving targets become integrated over the selected period.
They are then automatically shown on the display as lines of varying
length and direction, indicating the track and distance travelled.

S. Smith & Sons (England) Ltd.
KELVIN HUGHES DIVISION
S§t. Clare House, Minories, London, E.C.3

Telephone: ROYal 8741 Grams: Marinst London—E.C.3
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