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RADIO AIDS
TO MARITIME NAVIGATION AND HYDROGRAPHY

(IN T ER N A T IO N A L  HYDROGRAP HIC BU REAU SPECIAL PUBLICATION N ° 39)

Th i s  pub l i c a t i on  con t a i n s  the  latest  t heo re t i ca l  an d  p r ac t ic a l  i n fo rma t ion  ava i l ab l e  r e g a r d ­
i ng  rad io  a id s  c u r r e n t l y  used for pos i t ion-f ixing in both m a r i t im e  nav iga t i on  a n d  h yd ro g r a ph y .

The  s u m m a r y  of c ha p t e r s  is as  fol lows :
CHAPTER I. — Spectrum and Propagation of Radio Waves.

I)  Frequency Spectrum of Electromagnetic and Radio Waves - 2) Propagation of Radio Wave*.

CHAPTER II. — Radio Systems Used in Maritime Navigation.
I) 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 Offshore Hydrographic Surveying - 5) Raydist - 6) Lorac - 7) Rana - 
8) Computation and Plotting of Hyperbolic Lattices on Survey Plotting Sheets.

CHAPTER IV. — Radar Technique.
1) Radar  Technique in Navigation - 2)  Use of Marine R adar  in Surveying.

CHAPTER V. — Radio Systems in Geodetic Surveying.
1) Outline of Present Situation - 2V Opera lional 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.

T h e  publ i ca t i on  ha s  been p repa red  in t h e  two off icial  l a ng uag es  of -the I.  H. R. : Engl i sh  
an d  F rench .  Both edi t ions ,  wh ich  app ea red  in 1956, con ta in  ap p ro x i ma te ly  450 pages ,  and  
223 f i gures  i nc lu d i n g  50 fu lbpage  i l lus t ra t ions .

The  price per volume in either edition has been set at 8 U.S . Dollars. Conditions of sale are as follows: 

Owing to fluctuations of exchange, the price is given in U.S. Dollars. Packing and carriage expenses
are extra.

A  reduction of 3 0 %  on the price is allowed to Government Offices and Naval  and Mercantile Marine 
Officers  of  States-Members of  the Bureau if the order is sent direct to the Bureau and not through a bookseller. 

A  reduction of 30 %  on the pricc is allowed to any bookseller.



Foremost  
i n  

Hydrography

HYDROGRAPHIC EQUIPMENT BY EDO is recognized the world over as the u ltim ate  in 
precision , re liab ility  and rugged  construction . Designed to m eet the  m ost exacting  re q u ire ­
m ents of hydrograph ic  eng ineers and m arine  surveyors Edo equ ipm ent is used by navies, 
hydrograph ic  offices and civil eng ineering  com panies th ro u g h o u t the  w orld. W herever 
absolute accuracy is req u ired  in th e  de term ination  of w ater depths, th e  ch artin g  of 
u n d e rw ate r con tours and the  p en e tra tio n  of u n d e rw ate r s tra ta , Edo hydrograph ic  equipm ent 
is universally  specified.

A N /U Q N - ID .  Edo Model 185 Deep D epth  Sounder, deve­
loped originally  fo r the  U. S. Navy, is now in q u an tity  use 
by th e  U. S. and o th e r navies as well as com m ercially. U nit 
gives c lear CRT indication  of dep th  in two scales, 0-100 feet 
and  0-100 fathom s; records continuously  in  th ree  scales,
0-600 feet, 0-600 fathom s, 0-6,000 fathom s. No comparable 
sonar equipm ent has ever been m anufactured in such 
large quantities and put to such universal use.

A N /S Q N  - 8; A N /B Q N  - 4. Edo M odel 255C Survey D epth 
R ecorder is an  ex trem ely  accu rate  and  v e rsatile  u n it fo r 
m easu ring  d ep th  of relatively  shallow  w aters, 0-230 fe e t or 
fathom s. E quipm ent w ith stan d ard  20° beam w idth  is ideal 
fo r deep d ep th  pen etra tio n  and genera l survey. Model 255D, 
w ith  na rro w  6° beam w idth, is especially designed fo r dredging, 
silt, and sharp  slope applications. Each m odel m akes precise, 
legible reco rd  of d ep th  in e igh t overlapping ran g e  scales. 
L ightw eight, po rtab le  u n it is su ited  to tem p o rary  o r pe rm a­
n e n t in stallation  aboard  vessels of all sizes.

Edo Model 400 Stratagraph. U nique new  sonar un it 
penetrates and records s tra ta  fo rm ations underly ing  
beds of rivers, lakes and coastal w aters. N arrow  beam  
produces g reat effective acoustic p ressu re , so th a t 
sedim ent, in te rm ed iate  layers, bed  rock and fau lts  are 
all readily  d istinguished and p icto rially  shown. Edo 
S tra tag rap h  is in wide use to de term ine  layers a t 
w hich drilling foundations can be set. It substantially  
reduces the  num ber of core d rillings and seism ographic 
soundings fo rm erly  required .

For details o f  these and o th er su p erio r E do h yd ro g ra p h ic  u n its , w rite  D ep t. H-I.

CORPORATION. College Point 56, New York, U. S. A.

E x p o r t Sales and  Service : A erom aritim e, In c . 1000  Verm ont Ave. N V , W ashington, D. C.



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

Aerial  Ph oto gr am met r ic  cameras

1 s' 2 IU| 3 rd class plotting instruments Gal i leo-Santoni  patents (S tereocar tograph  

Gal i leo-Santoni  mod. IV - Stereosimplex mod. II and mod.  III. Cartograph ic  Stereo-  

m i c r o m e t e r )

P h o t o g ra m m et r ic  equipments for special  works  

High accuracy  topographic instruments.

O F F IC IN E  G A L IL E O  -  4 4  VIA CARLO B IN  I  -  F IR E N Z E  ( IT A L Y )



L O R A C  HAS L O C A T E D  M O R E  
S U R V E Y I N G  P O I N T S * T H A N  
ALL OTHER SYSTEMS COMBINED

To date Lorac has positioned 
almost 2 million geophysical stations 
in the Gulf of Mexico.

For several years Lorac has been 
standard equipment on the survey 
ships of the Hydrographic Office of 
the United States Navy.

LORAC ACTRAC U N IT  FOR THE C O N ­

T IN U O U S  PLO TTIN G  O F P O S IT IO N .

Lorac netw orks serve the precise positioning requirem ents of the missile 
test center at Cape Canaveral, Florida.

FOR IN F O R M A T IO N  O N  THE USE OF LORAC O N  LA ND , OVER WATER, OR IN  THE AIR C O N T A C T . . .

SEISMIC -  GRAVITY AND MAGNETIC SURVEYS -  LORAC -  CONTINUOUS VELOCITY LOGGING

Seismograph Service Corporation
6200 East 41st Street • TULSA, OKLAHOMA • Riverside 3-1 381

# SSC of Conodo • SSC of Colomb.o • SSC of 
Boliv.o • SSC of libyo • SSC of Mex.co 
SSC of Venexuelo • SSC International 

W O R L D  W I D E  S U B S I D I A R I E S  Seiimograph Service Limited -  England 
Seismograph Service ltal>ono • Com­
pagnie Francome de Prospection Siim<qu«



^  HYDROGRAPHIC  
AND GEOPHYSICAL 

SURVEY ALONG 
75 MILES OF COASTLINE 

COMPLETED WITHIN 
^  40 WORKING DAYS

MINIATURIZED 
RAYDIST 

DM SYSTEM
SAVES OIL COMPANY 

THOUSANDS 
OF DOLLARS

The Pacific Petroleum  C o m p any, an  a f f i l ia te  o f 
Richfield O il, selected the  new , m in ia tu rize d  Ray- 
dist Type D M  system fo r  use in a  geo log ical 
survey off th e  coast o f Peru.

A ccording to the C h ie f G eophysicist fo r  the 

survey, the selection o f Raydist over o ther posi­

tion  d e te rm in in g  systems resulted in an  o ver-a ll 
savings o f thousands o f  dollars .

Since tim e  w as  lim ited , the eq u ip m en t w as  

shipped by a ir  fro m  H a m p to n , V irg in ia , to Peru, 
South A m erica . Raydist, w e ig h in g  on ly  one-tenth  

o f com petitive  systems, saved $4 ,0 0 0  in shipping  

costs a lone . W ith in  tw e n ty -fo u r hours a fte r  c lear­
ing customs, Raydist w as  on the job.

The n e w , m in ia tu rize d  Raydist system saved  

m any days o f in s ta lla tio n  tim e since the  sm all, 
lig h t, b a tte ry -o p e ra te d  shore stations can be set 
up w ith in  th ir ty  m inutes.

Raydist, m a in ta in e d  by only tw o  operators, 
saved a d d it io n a l tra n sp o rta tio n  costs and  also  
reduced the logistics p rob lem  especia lly im p o rtan t 
in this rem ote a re a .

Raydist p rovided a  continuous perm an e n t  

record o f the vessel's position w ith  re la tio n  to  

tw o  selected shore sites w hich en a b led  the  survey 

b o a t to return  to a n y  point a t a la te r d a te  w ith  

extrem e accuracy.

Raydist le ft H a m p to n , V irg in ia , on Decem ber 

10 and  retu rned  hom e F eb ru ary 2 a fte r  hav in g  

com pleted a h yd ro g rap h ic  survey a lo n g  a 75  m ile  

coastline in Peru, South A m erica.

An observer fro m  an o th e r oil com pany, a fte r  

seeing Raydist in o p e ra tio n , said, " I w as fa v o r ­

a b ly  impressed by the p o rta b ility  and  com pact­

ness o f the  system. I w as  also fa v o ra b ly  im ­

pressed by the a p p a re n t accuracy an d  re p e a t­

ab ility  o f the system. The w h o le  set-up a p p e a re d  

efficient, and  I fee l sure it w o u ld  be of va lu e  

in our o p e ra tio n ."

In case a f te r  case, Raydist has proved itse lf 
a  superior tool fo r  a ll h yd ro g rap h ic  opera tions . 
W e w elco m e your inquiries.

H A S T IN G S -R A Y D IS T , incorporated

TEL: PARK 3-6531 HAMPTON, VIRGINIA



Oil terminal at Sidon, Lebanon
All hydrographic survey work in connection with 
this M editerranean outlet for oil from the fields of 
Saudi Arabia was carried out by Kelvin Hughes on 
behalf of the Trans-Arabian Pipeline Company. 
Hydrographic surveys of every description are 
undertaken by Kelvin Hughes. Their specialist 
Surveyors, using the most modern equipment, are 
available for surveys anywhere in the world.

KELVIN HUGHES
C O N T R A C T  S U R V E Y  S E C T I O N

K E L V IN  & H U G H E S (M A R IN E ) L I M I T E D , ST. C L A R E  H O U S E , M IN O R I E S  , L O N D O N  E .C .3
tt

Photograph by Courtesy Trans-Arabian Pipeline Co.



FRENCH INSTITUTE OF NAVIGATION
13, Rue de PUniversité —  PARIS (7e)

P ublishes a Technica l Review  on 
M aritim e and A e ria l N avigation  

entitled :

NAVIGATION
which is issued quarterly

<£>
*  M embership. —  Applications should be addressed to 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 . 5 0 0  f r .
—  Associate Member (resi dent abroad) ..............  2 . 8 0 0  f r .

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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ELECTRICITY POWERS 
THE MODERN AID TO NAVIGATION

For L ighthouse  or Buoy

W allace and T iern an  200 m m . Lantern  
cut aw ay  to show lam p changer and  

llasher mechanism

Recogniz ing  the  r esponsibi l i t y  imposed  on m a r i n e  l ights  
and  t he i r  accessor ies ,  W a l l a ce  a n d  T i e rn a n  has,  ove r  the 
years ,  developed a comple te  l ine of m ode rn  electrically 
powered a id s  to nav iga t i on  m ee t i ng  all the r e qu i r e m en t s  
of un fa i l i ng  dependab i l i t y ,  low ini t ial  cost ,  negl i gib l e  m a i n ­
t enan c e  an d  long u n a t t en de d  s e rv ice  periods.

A m o ng  the design fea tu re s  of W a l l ac e  and  T i e rn a n  Elec 
trie Ma r i ne  Beacons  
wh ich  h ave  led to t he i r  
u s e  b y  l i gh thouse  
au tho r i t i e s  t he  wor ld  
over  a r e  :—

•  El ec t r i ca l l y  pow ere d  opera t ion .

•  Elashe .  M ec ha n i sm s  sui t ab le
for a n y  f l ash ing  c h a r ac t e r i s ­
tics a n d  ope ra t i ng  voltage.

•  Au to ma t i c  l a m p  change rs .

•  Corros ion r es i s t an t ,  w a t e r ­
t i gh t  const ruct i on .

•  Eff icient  c a nd l e p ow er  ou t pu t
h igh  vis ibi l i ty  w i th  low 
po we r  consumpt ion .

•  Low ini t i a l  cost.

© Cont inuous ,  u n a t t e n d e d  o p e ra ­
t i on  for l ong periods.

W a l l a c e  a n d  T i e r n a n  F l a s h e r  m e c h a n i s m

W a l l a c e  a n d  T i e r n a n  
1 5 0  m m ■ L a n t e r n W al l a c e  a n d  T i e rn a n  Specia l is t s  

on a ids  to na v i g a t i o n  will  be g l ad  
to m a k e  r e c o m m e n d a t i o n s  on y ou r  p rob l e m wi thou t  
ob l i g a t i on —ei th e r  on n e w  in s t a l l a t i ons  or  on t he  conve rs ion  
of old gas  o r  oil l i gh ts  to m od e r n  elec t r ic  opera t ion.  Such  
conver s ions ,  u t i l i z ing  ex is t ing  opt ics  a n d  s t r uc tu r e s ,  a re  
both  economica l  a n d  pra t ica l .

W A L L A C E  &  T I E R N A N  
A I D S  T O  N A V I G A T I O N  I N C L U D E  :

Lighthouse beacons and Lan ­
terns from  90 m m . to  
500 m m .

Buoys and Structures. 
Flasher mechanisms.

A utom atic lam p changers. 
Range lig h t lanterna,
Fog signals.

Batteries of a ll types.

W ALLACE &  T I E R N A N  IN C O R PO R ATED
B ellev ille  9, New Jersey

U  • S .  A.-

W allace and T iern an  Lam p changer, 
fo r e leo trify in g  large optics



I N T R O D U C I N G

mm 'V'-" / «  æs

F e a tu re s  of 

L A M B D A
LOW  AMBIGUITY

Lane identification system eliminates 
lanecount problems.

LONG RANGE
150-500 miles maximum range 

depending on regional noise level.

HIGH ACCURACY
An area of 20,000 sq. miles can be 

covered with a fix-accuracy 
of 35' by day.

LINE M EA SUR EM EN T
Over-water lines several hundred 

miles in length measurable to 1:50,000.

SIMPLE
CO-ORDINATE SYSTEM

Fixing by two distances, indicated 
as dial and!or counter readings.

ONLY TW O  
SHORE STATIONS

Supply and maintenance problems 
minimised. No locking or data link 

between stations.

PORTABILITY
Compact design, sturdy construction 

aids handling and safeguards 
all units.

a new Decca 

two-range system for 

oceanography and hydrography

The ever-increasing- am ount of m aritim e 
survey work now being- carried out has 
emphasised th e  urgent need for an accurate 
position-fixing and line m easurem ent system . 
Lambda meets all essen tial requirem ents 
w ith the added advantages of low-am biguity, 
long range operation and indifference to 
clim atic  conditions. Lam bda is simple to 
in terp re t, needs li tt le  m aintenance and is 
capable of use by non-specialist personnel.
I t  is. for all p ractica l purposes, interference- 
free. Lam bda is one of the m ost im portan t 
contribu tions y e t made to m aritim e survey 
by the science of electronics.

FOR O C E A N O G R A P H Y  & H Y D R O G R A P H Y

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 T D  L O N D O N



Teilurometer Micro - Distancer Model M.R.A.2.
This new model has a ll the advantages o f  the now well-proved M .R .A .I. equipment together 
with dual Master/Remote operation,built-in transistorised power pack and improved portability

Manufactured in South Africa by 
TELLU R O M E TE R  (P ty) Ltd • Rustica House • Main Road • Plumstead • Capetown

COOKE TROUGHTON & SIMMS LTD*
B R O A D W A Y  C O U R T ,  W E S T M I N S T E R ,  S . W . I .

Distributors for
W ESTERN EUROPE A N D  CERTAIN  D EPEN D EN T TERRITORIES A N D  IN D IA , PAKISTAN, 

C E Y L O N , BU R M A  A N D  M A LAYA



N° 102-WE-134 SHIPBOARD WEATHER COMBINATION UNIT, specifically 
designed fo r ship use to give fu ll and accurate technical data fo r the ship me­
teorologist. The instrum ent consists o f a recording barograph w ith clock, an elec­
trica l device, TETALUX (electrical ind ica tor for measuring temperature and dew 
point from  several locations) and a w ind direction indicator from 0-180° port 
and starboard. Opposite the direction ind ica tor is the W ind Velocity meter. Above 
the W ind D irection and Velocity Meters are located two precision Aneroid Baro­
meters. Two o f these are used, so tha t one can serve as a check against the other.

The TETALUX instrument is specifica lly designed for either ship or a irport 
use. It can be provided w ith m ultip le  probes so tha t an excellent picture o f tem ­
perature or dew point may be obtained fo r  the area. Measurements are obtained 
by just pushing a specific button and tu rn ing  the dial which is e lectrica lly con­
nected to the m irro r galvanometer just above the temperature scale. It can be 
made to cover any 80° temperature scale.

DEEP S E A  C A M E R A S  
P I S T ON C OR I NG  D E V I C E S

KAH L S C IEN T IF IC  INSTRUMENT C O R P .
EL CAJON (SAN DIEGO) 134 West 26 St. 
-  C A L I F O R N I A  -  NEW YORK 1, N. Y.

Specialists in quality meteorological instruments for Ships,

A irports and Meteorological Research.



ACCURACY and RELIABILITY

When Surveying with 
THE VELOCITY OF LIGHT

BERGSTRAND SYSTEM NASM-3

Technical Data .
Max. Distance: 25.000 m. A unique electronic-optic instrument for linear measure-
Min. Distance: D eterm in ed  ment with a clear line of sight. The Geodimeter employs
b y  the perm issib le relative a  well collimated, modulated light-beam to carry out
error. T he absolute error is measurements of up to 25,000 meters with great accuracy
in d ep en d en t of the distance and reliability. Especially suited for:
and has a m ean value of 5 cm . w  , . , ., , , , , ,  ► traverse and base-line measurement
It can be further red u ced  by
a special m easuring tech n iq u e. ^  photogrammetry
Weight: 27 kg. offshore hydrography
Dimensions: 55x33x23 cm.

The Geodimeter offers these important advantages fo r hydrographic surveying —
► U nm anned reflector stations w h ich  can be set-up in advance perm it the m easurem ent of several 

poin ts from  one G eodim eter site.
^  N arrow  light-beam  elim inates d istortions caused by the water surface, passing vessels, etc. — hence  

no corrections required .
► G eodim eter m easuring techn iq ue is always self-checking.

► N eglig ib le  e ffect of m oisture in the air up on  the speed  of light.

► M easurem ents can be carried ou t directly  over large bod ies o f water and inaccessible terrain. 
L ightw eight, rugged design plus w ater-tight carrying case perm it easy and safe transportation.

The Geodimeter is a product of the Swedish concern AGA — Svenska AB G'asaccu- 
mulator — know n the world over for precision workmanship in a variety of engineer­
ing fields including:

L ighthouse and B eacon Apparatus — Air and Sea Radio Beacons — N avigation and D irection-find-  
ing E quip m ent — A dvanced  O ptics — A naesthetic and R espiratory D ev ices  — D iving E quipm ent 
— Soundfilm  and R adio-T elevision .

For further information concerning the Geodimeter. please contact:

SVENSKA AB G AS ACCUMULATOR u s RePrese"*atî
Berg, Hedstrom & Co. Inc.

STOCKHOLM-LIDINGO 1170, Broa(jway

SWEDEN NEW YORK 1, N.Y., U.S.A.



THE LEPAUTE  
GAS BUOY FLASHER UNIT  

(D étendeur Eclipseur Lepaute)

M echan ism  a c tu a te d  by  ra te  of flow  of gas.

O p e ra tio n  e n su re d  fo r an y  h o u rly  ra te  above 
3 litres.

P e rio d  of l ig h t co n tro lled  by  in te rch a n g e ab le  
cam  w ith  no o p en in g  of m echan ism .

R obust, re liab le , foolproof, unaffec ted  by  p re s ­
su re  v a r ia tio n s .

E q u ip m e n t  approved  by F rench  official  
l igh thouse  au thori t ie s

20, Bd LITTRÉ,  LE MESNIL-LE-ROI (S .-&-0.)  
T é l é p h .  : 962 39-76
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I N S T R U M E N T S  
D’HYDROMÉTRIE

C ata lo g u e  sur dem ande  

Agence exclusive

S O C IÉ T É  W IL D  P A R IS
41 , A venue de V illie rs  - PARIS 17* - W A G . 83-99

STÉ E. & H. POLI, RUE DE PIERRE - ALGER 
J. PETIT, 32, RUE DE COLMAR - TUNIS 
6 . ROUZIL, Passade Sumica - CASABLANCA 
HECHE & GIRARD - TANANARIVE

KEMPTEN
B A Y E R  N

Marégraphe type I.

Théodolite type T. Il

Niveau type N. III. W
W

ta



TH E P R O B E  B E L O W . . .

B A T H Y T H E R M O M E T E R

Hytech Corporat ion,  in its continuing probe of the mysteries undersea,  
has developed the first commercial ,  completely transistorized Bathythermometer ,  to 

record on deck, in cont inuous analog and digital outputs,  depths and 
temperatures  to 10,000 meters.  Literature on this M odel  471 B T  and on H y te c h ’s 

experience and capabilities in the design and m anufacture  of 
other oceanographic instruments is available on request.
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The International Hydrographic Bureau was founded in 1921 with the 
objective of maritime security to be achieved through the standardization of 
the nautical chart and related publications, the improvement of 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 of each year in both English and French editions. The Bureau welco­
mes articles on hydrographic, topographic and photogrammetric surveying, 
radio aids, navigation and allied subjects, new instruments and equipment, 
new hydrographic ships and boats as well as articles on the history and 
organization of hydrographic offices.

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

Articles should be in English or French, typewritten, double spaced, 
and if possible in duplicate, and should reach the Bureau not later than 
1 February and 1 August for the July and January numbers respectively. 
However, in order to achieve a well-balanced distribution of subject matter 
in the various issues of the Review the Directing Committee reserves the 
right to print articles in an appropriate issue.

Articles should be addressed to :
The President of the Directing Committee, 

INTERNATIONAL HYDROGRAPHIC BUREAU,
Quai des Etats-Unis,

MONTE CARLO,
(Principality of 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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