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STANDARD LORAN
(LORAN-A)

(A Long Range Aid to Navigational System)
INTRODUCTION

The Loran system is a modern electronic aid to navigation by
means of which navigators on or over the ocean can determine
their position accurately and quickly, day or night, and under
practically any condition of weather and sea. The name ‘‘Loran"’
was derived from the words '‘LOng RAnge Navigation,'' which
describe in general terms the system’'s relative utility when com-
pared to ranges of other electronic navigational aids. The effective
range of Loran is as great as 1,400 nautical miles at night and
800 miles during the day. The accuracy obtained is comparable to
that which may normally be expected from good celestial ob-
servations which require considerable time to make and entail
somewhat laborious mathematical computations. Even though such
precision is attained, the determination of position by Loran re-
quires but 2 to 3 minutes' time. Loran signals are on the air and
available to navigators for 24 hours per day, and cover the major
ocean shipping lanes of the world (as shown in figure 1-1). The
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FIGURE 1-1--Major ocean shipping lanes of world.



system is now used extensively by the private maritime users of
many nations. All may make free use of it.

PRINCIPLES OF OPERATION

A brief description of Loran operation follows:

1. Radio signals consisting of short pulses are transmitted from
a pair of shore-based transmitting stations.

Z. These signals are received aboard the ship or plane by a
Loran Radio Receiver.

3. The difference in times of arrival of the signals from the
two radio stations is measured on a special Loran indicator.

4. This measured time-difference is utilized to determine di-
rectly from special tables or charts a line of position on the
earth's surface.

5. Two lines of position, determined from two pairs of trans-
mitting stations, are crossed to obtain a Loran fix.

Since radio signals travel at a nearly constant speed, a direct
relationship between time of travel and distance traveled exists.
Thus, measurement of intervals of time is, inessence, a measure-
ment of distance itself.

The radio signals which are transmitted by Loran stations are
not continuous transmissions such as those of everydaycommercial
broadcasting stations, but are ‘‘pulse’’ signals, or short bursts
of radio energytransmitted at regular intervals. The use of specially
timed ‘‘pulse’’ signals permits the individual signals tobe identified
in order that time measurements can be made. This would not be
possible if the transmissions were of a continuous character.

Because the basic Loran measurement evaluates the difference
in the distances between the navigator and each of two fixed trans-
mitting station and not the individual distances themselves, there
are many points at which the difference would be the same even
though the distances varied widely. These points fall along a smooth
curve (hyperbola) which is known as a Loran line of position.
Therefore, when a navigator has obtained a Loran reading from a
pair of transmitting stations he has determined that his true position
lies at some point on a particular Loran line of position. Loran
lines can be crossed with other Loran lines, sun lines, star lines,
soundings, Radar ranges or bearings to provide fixes. By making
Loran measurements on a second pair of stations, a second line
of position has been identified and the navigator's true position or
‘‘fix"* has been established at the point of intersection of the two
lines.

The diagram of figure 1-2 illustrates the basic principles of the
determination of position by means of Loran.

In order to simplify the navigator's problem of interpreting the
Loran data in terms of coordinates of latitude and longitude, Loran
charts are available which picture the Loran lines of position
plotted on the chart of the region in which the aircraft is flying or
the ship is sailing. The same information is available in the form
of Loran tables for the convenience of navigators who desire to
plot Loran lines of position directly on their regular navigators’
chart. Figure 1-3 shows a typical Loran Chart for the approaches
to New York Harbor.
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MNavigator aboord LORAN equipped ship at ''5"
establishes "'fix"" by determining two lines of position,
A" and "'B"" by LORAN measurements.

Line of position "A" is found by measuring the time
difference between signals received from transmitting
stations Ajand Aj .

Line of pesition ""B" is found by measuring the time
difference between signals received fromtransmitting
stations B, and B, .

The navigators fix is established at the point of inter-
section of the two lines of position.

The latitude and longitude of the navigators position is
determined from the LORAN date by using either the
LORAN CHARTS or LORAN TABLES.

FIGURE 1-2.
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FIGURE 1=-3--Typical Loran Chart for the approaches to New York Harbor

EQUIPMENT USED BY THE NAVIGATOR

The Loran equipment used by the navigator onshipboard or air-
craft at sea in the determination of his position is known as a
receiver-indicator. The receiver performs the functions of an
ordinary radio receiver, but delivers its output to a visual indi-
cator rather than to a loudspeaker, and is designed for the recep-
tion of pulsed signals rather than ordinary radio signals. The indi-
cator is essentially an ‘‘electronic stop-watch'' capable of
measuring, in microseconds, the difference in times of arrival of
the pulse signals from the two stations of a pair. In the indicator,
horizontal traces or lines of light on the screen of a cathode
ray oscilloscope form the equivalent of the dial of a watch. A vi-
brating quartz crystal is the balance wheel, and electrical circuits
known as ‘‘dividers or '‘counters'' take the place of gear wheels.

Installation of the receiving equipment is quite simple and can
be performed in a few hours' time. Actually, installation merely
requires simple mechanical mounting of the equipment to the deck
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or bulkhead, erection of an ordinary radio receiving-type vertical
antenna, and plugging in the power cord to the local electrical

power source.

FIGURE 1-4--Typical direct-reading marine Loran receiver-indicator equipment.



OPERATING RANGE AND ACCURACY

Three fundamental characteristics of Loran are of particular
importance to navigators using the system. These qualities are the
following:

(1) Practicability of Loran operation over longer distances than
is possible with older types of radio navigational aids.

(2) High order of positional accuracy attained.

(3) Reliability of Loran under all kinds of weather conditions.

Vessels and aircraft at sea may determine their position by
means of Loran both day and night whenthey are within 800 nautical
miles of the transmitting stations. This is based on the reception
of ‘‘ground waves,'® which travel onthe surface of the earth and are
the most stable type of radio waves. At night, however, ‘‘sky
waves'' are received which are radio waves that travel outward
from the transmitter until they ‘‘bounce’’ or are reflected from a
region of the upper atmosphere known as the ‘‘ionosphere'' and
reach the navigator after reflection (figure 1-5). The use of ‘‘sky
waves'' extends the range of Loran service at night upto a
distance of 1,400 nautical miles from the transmitting stations.
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FIGURE 1-5--Ground wave and sky wave paths.
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The accuracy of Loran fixes varies depending on the relative
position of the navigator and the transmitting stations. Positional
data obtained by using ‘‘sky waves' Loran signals is somewhat
less accurate than the information determined through the use of
‘‘ground waves,"'" but, nevertheless, is still of a high order of
accuracy.

A very rough rule of thumb has been stated to be that a Loran
line of position has an accuracy of better than 1 percent of the
distance of the navigator from the stations; thus a navigator 1,000
miles away from the stations would expect the line of position to be
well within 10 miles of the proper position. As the stations are
approached, the accuracy increases greatly, and along the imaginary
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FIGURE 1-6--Loran hyperbolic pattern.
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FIGURE 1-7--Vessel making port on Loran line of position.

line between the two stations, or ‘‘base line'', a line of position
may have an accuracy of the order of several hundred feet. This
feature has particular practical value, inasmuch as the physical
arrangement of Loran stations is such that a navigator making a
landfall usually will approach the shore in this highly accurate
area of Loran service, Figure 1-6 shows the pattern that a family
of Loran lines of position make with respect to their transmitting
stations and points out the regions of accuracy. Figure 1-7 shows
a vessel approaching a harbor along a line of position.

R



SUMMARY OF VALUABLE FEATURES OF THE LORAN SYSTEM

The features which make Loran a valuable tool and a highly
regarded supplement to the art of navigation are inherent in the
technology of the system itself. It is a radio device utilizing the
essentially constant speed of travel of radio signals as a basis for
operation. This quality is known scientifically to be one of the most
stable and unchanging electrical characteristics of radio waves and
consequently the Loran system stems from a firm and proven
scientific foundation.

The outstanding features of the Loran system may be sum-
marized as follows:

(1) Loran fixes may be obtained readily at long distances from
the transmitting stations. The daytime range is approximately 800
nautical miles. In addition to the range of individual pairs of
stations, the integrated Loran system is so arranged that coverage
is available over many of the principal shipping lanes of the world.

(2) The accuracy of Loran fixes is of high order. Results com-
parable to those obtained by means of good celestial observations
are consistently effected.

(3) Loran operation is essentially independent of the weather.
It is not affected by conditions of the sea or air and does not suffer
from doubtful effects encountered with older types of radio navi-
gational devices such as direction finders.

(4) The time required to obtaina Loranfixis short. Experienced
operators seldom require more than 2 to 3 minutes to establish a
fix.

(5) Operation of Loran shipboard and aircraft equipment is
relatively simple, and navigators may betrainedin Loran technique
in a very short time.

(6) Efficiency of long-range navigation is increased. The course
sailed may be more direct with a resultant saving in fuel and
increase in pay load.

(7) Landfalls may be made at points close to the destination of
a vessel.

(8) Loran fixes are independent of other navigational instru-
ments such as compass, chronometer, and other radio equipment.
No transmission from the vessel or aircraft is required and only a
single item of equipment is used which may be installed at any
point convenient for the navigator.

(9) Safety at sea is greatly increased through Loran. When
Loran is used by rescued and rescuer, rescue operations are
direct. A minimum of time is lost in searching for disabled
vessels when the Loranpositionis includedinthe distress message.



LORAN TODAY

On 1 July 1958, the following countries were operating LORAN
transmitting statione:

Country . Number of Stations

CANADA

DENMARK

ICELAND

UNITED KINGDOM

UNITED STATES 5

O b = by O

Total 60

Additional LORAN stations are scheduled for construction during
1958-196].
Appendixes A through D show the extent of daytime coverage

:ngﬁthe results of a Loran use survey conducted during 1955 and
956.

= Tl



el ATNr i
WILSAS NYHO

- 11 -




(L°8T)TT0‘esT2 | (€°0g)TEO ECT e
(2°T)%sE‘6ET #GE“6ET ———— 9TT
(§°2T)e92 “2v¥*T CoZeHY T | ==--- -—--
(0°¢)zZ6E TLS 26E°TLS ——— -——
(€ 18)Ly6‘TIE e | (P4 05)09ccez“e
e8‘t 880°T
'

(0°69)560°Lv L | (L' €€) 6TV 68%°T mmm T mmw
(€°91)258°%98°T | (%0°LT)T¥6°c¥L G2 s

(Te303 jusoxad) | (pagswrysa) T
2SN PajBWT}ST | SUOTIBAISSQO JO | suopgeTTeRsSUT ’

Jsqunu paj.aoday Te30], s

.viilliilivtflﬁiiiiiifﬁ.ﬂvhﬂ.ﬂﬁa ._”—.m.m.om .-_m. i.—“
.iI.'.['l-..‘..-i.i.i#.....'.‘[?ﬁz l.m GD
IiII‘..-I"‘If"..‘l‘..lf.mUHOh .—..HE im ib

S90J0 ] pPOuULIy
sasscssssssansssnresrsenan TETOISMNO,) TE)OT

Il..'.l-i.'.."'I"i'lfmhmmb dﬂﬂﬂh@gu hmﬂgz

R R FE R e 'mdmmmmb mﬂhﬂqmﬂh l.m. .=

L B B B B B B B B -mHmmmmhﬁF ﬁm.uo .m .b

I[.I‘Ib"lIi['ll.i’.bii‘ll#.ﬁmhuhg Im 'D
TeTOISmLO)

g XIONIddY

(poTaad YIUOW 2T) 9G6T--GS6T

NVHOT 40 ¥Sl ANV SHESN SHIVIS TLILINA A0 ZdviNs

- 12 -



*satTdaa Lrwjuntop §

Larms asn o L7dar o paloalTp alal Sa0I0J DIV e
'8I9EN JO Jaqumu B SuTJaacd sjJodaa uoapenbs paqBpITOSUOD USNJO alaM sqIodax Lamy st ‘ATIETTEIS--1Iodax auo ATuo JOF

}Ipalo paaTeval feAIns Um0 §37 pejdoded pus posonpuc? UOTYm 9004 ITY @y3 ‘90uwisul Jog -JI9ST SUD ULy} SJOW PaIaAcy safTded eseul Jo Luup wx

*OOTXRN JO JIND uy 288I0A0d TEUOTLIPPE PRIUBM $4f U3 Jo ¢z ofessnco TBUCTITPPR pajsenbax 44c =

 —— ————— —_——F
y $8°91 %68 Y€€ 1 1T g2y 9,665
TLEBRE'Y | €% vEL 2LE‘SBE 62L9%T 565 °58Y BEE‘SHT w8 LY BLE'T

%o T2 BIC cER 06LZ%E 086 “6%T 660°0L LT GET £52°2T 686402 96

N 6702 LIT 2 LOE’E 91y oee’s b O 228 LT
40"€T ZOE TLS YTEYLT 0%90°66 weT6E Te0‘00T A ) 8LO°6%T 1

$6° L TEY‘e%e 6SE ‘99T €ssigy 625 °0E 918 6Y rerd 069 LY 8l
$6°L2 €69°LTZT | e%s‘2sT £92 “vE a0 00L %0 £p6°6Z YL ceR L66
$8°2 mmm”mﬂﬂ. amnun 09L‘c Y6 2T ELE‘ZT oZ8‘0T ZRT EL Tt
$1°52 ¥€8°860°T | 6TB 9%T €05 ‘0E sz LZE‘2s £9T6T ges'ees 988
%408 o9c'see‘s | ¥T1ee2 62T 0z 99T 9g 8T, 592 20T E%T TETLYE’T | mBlLZ
$0'LT da“n.a. vgs ‘gee wRLTOZ 89L°62 seg‘ose ZI9°T ST Ee 4T

%L €€ 6T7'68%'T | 0£S ‘ot cov'z g6€°9 08841 06¥ TYT | 9T9'cTE‘T | 292

VLI TORd BPUBTST COTXEN 15809 #8971 Tdax
asn jJo
el N T84 fremey | oLV | 38800 38| o sy | opqmemav Jo oN

930]

........... pIenn 18800 S N
............. 20104 IV "S ‘N
.................. faeN *S 'n_

0 XIANZddY

ZEAMNS TSN NVHOT

=13 -



raanBry eoTionaduT
*JBJIOITE JO JSQUNI 29BOTPUT J0U PP Aoyl nq SUCTIBTTRLSUI NVHOT Auv eavy jou secp BupArdes ySnoyiTs VAL »

418 ™+ cce (-4 €Lz ose *%00T ( mmm.w.x 1JBIOITY
T8 FoI9umIo)
BuTysTy
$E0T goz cvs G 8101 005 ‘T »89 zer't 20BJINgG
TBToIoumIOn
adaeq
598 (178 88z < 826 00T*T By 116 20BJING
TR TOIIUmIOY
(L1) (91) (¢1) (%T1) (eT) (21) (11) (ot)
sswazouy | UOSTIRAWOD |y e e sus M.u._”u K Mﬂu _“nu.ws mﬁw e sopuedmoo | (£)*(9)+(%)
Jmecgag | Aeams ROy hmwuuu sypun ooy |  POATOMIE | 5o qusozed ﬁwﬂw.ﬂe
EC6T JSTTATS TN gTun TE30L
a8 PaYBWELSH UOTIETTEIEUL -Te}suUT TE30L
£L 00T £E LG clL geT c EL 8T TIBLOITY
18 10I3Um0?)
JuTystd
00T 85T cT ZLL 0 LBE gc 62 LB a0BJIng
TETalaummy
a8xeT
3 - - - E mmH Nm wm. 3 M.m bﬁ IIIIIIIIIIIIIIIIIIIIII uumhgm
TRIOIaEmIO
(6) (g) (L) (9) (5) (%) (€) (2) (1)
.M.nw. pejaodex | FION ET | .y .@. pagrodaa
.“._____“__ x (€ ot UTIITA | A o £q | £snorasad pajaodax (2)-(1) Rz Ua9) LIk
FUOTLET { paureTd a0 8 SUOT}RT 21293971
-meqsuy asu| SUORST SUOTAST peTTR}SUT 8313 -TeyEuT gajTdax o gatTday oft
aqeurqsy | TOHSUI -TeeuT paumsss Jo Jaqumy
S EMN

d XIANZddV

SNOIIVTIVISNI NMONA JO HEGWIN ONIMOHS XZAMNS TSN J0 ZUVINWNS NVHOT

-~

et i

GPO 8680773






.._-.m

—




