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HOW SHORAN WORES

SHORAN 1a the name given to a type of HADAR system which gives
vory accurate determination of position., The name is made up of the
initial letters of SHORT RANGE NAVIGATION, The equipment was designed
for the particular purpose of bombing control by airplane; it is a
developmant of the Radlo Corporation of America. Since its accuracy
ias so great, this equipmeni has been used for other types of conirol
. such as alr-photography, reconnaissance, and so on. Its application
to actmal ground surveys has not been thoroughly investigated, but the
use of this equipment for hydrographic survey control has been tested
during this year with excellent results,

- SHOBAN equipment was developed for installation in aircraft, or
t0 be transported by aircraft. Hence, the size and welght of the egquip-
" ment has been kept at a minimwum; and the power requirements have been
based upon the unsual power types available in the modern aircraft.
The equlpment is actually a very precise Interrogator and Transponder
system. Therefore 1t consists of two main units {in principle}: the
interrogator which i3 air-borne, and the transponder which is on the
ground. These are usually referred to as the Ship and Ground Stations,
respectively, and will be so designated in this discussion.

The SHIP STATION consists of two units: an Indicator which meas-
ures the time elapased between & transmitted pulse and the returned
signal; and a Transmitter which is keyed by the Indicator and sends
out the signal to the GROUND STATIW. The Power supply must be added,
as well as the antenna and conmnecting cables, and other accessories to
make the installation complete,

The GROUND STATION also consists of two unlts: a Monitor which
receives the pignal from the Ship Station, and retransmita it back
through the Transmitter. '™is equipment must be supplemented by the
antenns system, power supply units, and so on. Hence, the distance
measured at the Ship Station will bve the loop distance, which is, of
course, twice the desired distance., If there are two Ground Stations
uwsed in conjJunction with a Ship Station, two distances will be measursd
at a partioular inatant. If the positions of these two Ground Stations
are accurately known and plotted, the position of the SHIP can de
ascertained by the intersection of the two arce~distances from their
respactive atations. A 'block dlagram® of the Ship and Ground Sta=
tions is shown in Fig. l.
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THE SHIP STATION.

The SHIP STATION has been given the designation AN/APN-3, which
means; Army Navy Airborne Radar Navigation Equipment Type 3. As sta~
ted above, this equipment consists of two main units plus their acces-
sories, These are the INDICATOR (ID=-17/APN-3), which includes a
RECEIVER (B-15/APN=-3); and the TRANSMITPER (T-11/APE-3), The accessor—
iee include the antenna dipoles, the transmission lines and connecting
.oables, and the power-supply sources. Other accessories avallable for
use with the Indicator, are a COMPUTER and a PILOT*S DIRECTION INDICA=
TR (PDI) System. These are not installed during the operations on
board the Ship EXPLORER, and will not be generally used, so will receive
no further attention.

Radio Set AH/APB-S fixes the position of the ship by indicating to
the operator the "straight line' distances to the two Ground Stations
simultaneously. A line sketch of this operation is shown in Fig, 2
which may be considered as a map view of the area in question. The
two GROUND STATIONS are at points "R™ and "S™ and the SHIP at "B", The
Indicator measures the distance 'r' which places the Ship em arc 'xx',
and the distance 's' which places the Ship on arc *yy*'. The intersec-
tion of the two arce will be the position of the Ship "E"™ aince it is
the only point commen t0 both the 'xx' and 'yy* arcs. This type of
graphical solution of the position problem is used, in principle at
least, in all navigation either by plane or by ship., It will be noted
by an examination of Fig. 3, that there are two positions possible for
each pair of SHORAN Distances. A single pair will NOT determine a posi=-
tion without the knowledge of the general area in which one may find
himself, The true direction of the Ship's heading will determine the
direction from either point plotted. If the second pair of distances
falls on this course line, the assumed position is correct; if not,
the other position will probably be the correct one. A third pair of
distances will be the desired check. It can easily be seen, that if
the course steered is in a southeasterly direction, that only points
'A', 'B', and 'C' will plot on this course; and that points ‘a‘', 'bf,
and *c' are obviously not the true poasitions.

The SHORAN system measures the distances from the Ship to the
two Ground Stations by measuring the time required for the radio sig-
nals to travel the distances from the Ship to these Statlions and back
to the Ship. If the elapsed time is known, then the distance can easily
be computed. Or, better yet, if the time is converted to distance on
the measuring element, then the distances may be read directly off this
device. For the purpose of calibration of this eguipment, the velocity
of the electromagnetic wave through air (at standard barocmetric pressure
of 29,92 inches Hg) has been taken as 186,218 statute miles per secand;
or, since the equipment actually measures the round=trip time between
the Ship and the Ground Station, this velocity may be taken as
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93,109 statute miles per second for the total elapsed time. Hence,

D = Tt = 186é213 t

distance in statute miles, and
time in seconds.,

= 93,109 t, where

D
t

Since this relationship is very constant, even taking into account the
effectas of changes in barametric pressure, humidity, and so on, 1% is
possible {0 calibrate the measuring device directly into miles and
fractions (or, in this case; decimals). The velecity of the electro~
magnetlic waves actuslly saries over a range of abomt 54 statuie miles
per second, from the minimum of 186,218 miles por second at a barc-
metric pressurse of 29,92 inches to & maximum of 186,274 miles per secw
ond in vacue, The variation of velosity near the earth's surface, and
wnder the ordinary variations of baromstric pressure encountersd will
probably not exceed l-mile per second, or even 2 mliles at the most,
which will give am error of sbout 11100,000 if neglected.

43 indicated in an earlier paragraph, the basic radio equipment
used t0 create round=-trip signal pathe originating and terminsting in
the Ship Station 1s shown in Pig, 1. This basic equipment consists of
a signsl gource (pulse generator), a Tranemitter, and a Recelver ine
stalled in the Ship; and a Raceiver and a Tranamitter at each Grownd
Station.

Pulge pignals originating at the Ship are radiated from the ship
transmitting antenna {(dipole} and received by one of the Ground Statiocns,
There, the pulse is sent through the Receiver to the input of the Tranaw
mitter, and then re-iransmitted back to the Ship, At the Ship, this
pulse ‘is passed through the Receiver and then routed te an indicating
circuit in which its time lag, or loss, with respect to the original
outgoing pulse may be measured in a way to be described later, This
time lag 1g indicated directly in terms of statute miles to the Ground .
Station rather than in terms of {ime,

'Since two dlstances are necessary to fix +the position of the Ship,
it will be ssen that signal pulses must be sent to each of the twe
Ground Stations and these must be separated within the Indicator so
that each distance ia correctly shown. This ie accomplished by sending
out pulse signals from the Ship Transmitter on two different frequencies,
a -separate frequency to each Ground Station, so that the Ground Stations
receiva the signal pulses aliernately, each on 1its own frequency, at a
rate ©f sbhout ten times per second, The Ground Stations then re-=irans
mit to the Ship Station an the SAME frequency. Thus, the equipment
provides, simultanecusly {az far as the eye can detect), indications of
the distances of the Ship from the two Ground Stationsa.
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THE INDICATOR,

The Block diagram of the Indicctor {code name ID-l?/APN-s) is
shown in Flgurs 6. -

A very simplified explanation of the method of measuring the time
of & rownd=-trip of & pulse will be given here, This discussion will
be bamed upon the Sketch in Figure 63 but, it must be remembered, that
this 1s only to iliustrate the prineiple of the system, and therefore
will differ in important respects from the actusl arrangement used,

A photograph of the Indicator iz shown in Figure 5.

The OSCILLATOR in this diagram is crystal controlled, and of a
very gresat froquency stability, and serves as .he standard for timing
intervals, since if the frequency of an A.C. signal is constant, the
time batwesn successive wave tops is constant. . -

The PULSE GENERATORS shown produce trains of short signal pulses,
the repetiklion rste and relative timing of which are determined dy the
frequensy and phasing of the standard timing signal (from the OSCILLAMOR)
applied to them,

The INDICATOR TUBE is & cathode ray cscilloscope fitted with an
electrode for radial deflection in addition to the usual two pairs of
plates for the alectrostatic deflection in the horizontal =nd veriical
planes., Two alternating voltages differing in phase by exactly 90°
are derived from the Standard OSCILLATMR output. One of these voltages
1s applied to the horizontal deflection plates, and the other is applied
to tha vertical deflection plates, both through suitable ampiifiers,
with the result that a circular sweep is proeduced on the screen of the
cathode ray tube, the velocity of the sweep being {nearly) constant,
and determined by the partioular scale setting used. This circular
swaep serves as a time~base line. Signal pulses are applied to the
radlal deflection electroede end will appear as inward or outward dee-
flections on this cirele, depending upon the polarity of the signal
voltage applied. Further, the disturbances will clossly approximate
in shape the wave form of the appliied signal.

One of the pulse generators gsends its signal directly to tho ra-
dia) deflection electrode of the Indicator Tube. These pulses appesar
at a fixed position on the soréen, since they remained synchronized
with the sweep generator. These are shown at "M", and are called
the MABKER PULSES (since they are fixed in position). The other
pulse gonerator keys the Transmitter., Pulseés which have completed
& round-irip to a Ground Station and have been received and amplified
in the Ship EECEIVER are sent to the radial defiection electrode of
the Indicator Pube, and appear as the Pulse "A™ on the screen of this
tubae
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If the circuits of the Pulse Generators were so arranged that
they produce their pulses simultanscusly, a Marker Pulse. "™M" would
arrive at the Indicator tube somewhat earlier than the corresponding
pulse A", This is trus because the Marker Pulse needs travel over
only & short length of wire in the Ship Equipment, while the other
pulse must travel from the ship to the Ground Station and back, and in
addition, it is further delayed by going through the circuits in the
Ground and Ship Station Receivers and Transmitters. Therefore, in

such cases, the Pulse "A™ will appear at a different place on the

sweeDd pattern on the Indicator Tube than the Markar Pulse ™M™,

* The distance between the two pulses on the screen iz the distancs.
which the cathode ray spot has traveled during the time elapsed between
the arrival of the Marker Pulae "™M" at the radial deflection electrode,
and the arrival of the pulse "A", A certain fraction of the distance
indicated on the screen is due to the delays mentioned above, but the
larger part of this distance corresponds t¢ the time loat by the pulse
MAY in travelling the round-trip radio path to the Ground Station,
Terefore, the distance between the two pulses may De used as an indi-
cation of the distance from the Ship to the Ground Station. Since the
error due to the time delays in the variocus components ¢f the equip-
ment can be measured, and can be considered as constant fer any par-

ticular combination {of Receiver, Indicator, Transmitter on the Ship,

or Monitor, Receiver and Transmitter at the Ground Station), this
value may be subitrasted from the total measured time interwval, and
the true round=-trip time interval can be known.

Instead of weing directly the distance between the pulses "N"
and "A" on the Indicator Tube screen as a measure of the distance be-
tween the Ship and the Ground Station, & much more accurate method
is uwsed. Stated as simply as posaible, it consists of producing trans-
mnitted pulses sufficiently earlier than the corresponiing Marker Pulze
" go that the returning re-transmitted pulses arrive just in time to
meet their corresponiing Marker Pulszes "K" at the Indicator Tubs.
This advance timing of the transmitted pulses is obtained through a
phage-shifting device (Gonicmeter} which advances the phase of the
sinusoidal signal fed to the generator of the transmitted pulses,

.This phase advancing is accmmplished in the circult labeled
CALIBRATED VARIABLE PHASE ADVANCE, During narvigation, the operater
adjusts this device wntil the Pulae ™A™ on the Indicator Tubse screen
Just coincides with the Marker Pulse "M%, He then reads directly on

the acale and vernier the distance in statute miles from the particular -

Ground Station, Naturally as the Ship gets further away from the
Ground Station, this phase advance must be made greater in order to
send out a tranamitted pulse sufficlently early s0 that its returned
signal will arrive to coincide with the Marker Puise. Since the pulses
are sent out at a repetition rate of about 930 per second (931.09 per
second, to be exact), & 360° advance will correspond to exactly 100
statute miles (round trip of 200 miles), Thus, a# the phase advance
is increased te 360°, the timing of the transmitted pulse has been




advanced by the time interval between two transmitted pulses, Then,
the 360° advance is equivalent to a ZERO degree advance, and any
further advance, say to 365° will correspond exactly to a 005° ad-
vence, Therefore, the scale indication for an actual distance of
(say) 125 miles iz exactly the same as for 25 miles, as the mileage
repeata every one hundred miles. Hence, it 1s necessary to know
approximately the Ship®s position with respect to the Ground Stations
im order to fix its position.

In order to take into account and correct for the delays inherent
in the Ship and Ground Station equipments, they are computed taking
into consideration the lengtha of the comnecting cables and the trans=
mission linea, and then set these into the Ship Indicator as an "gff=
scale”gorrection. The Ground Station equipment has been manufactured
with & known delay which corresponds to 0.180 statute miles (of which
more later). The delay in the Ship equipment is computed from the
formula

i

5280 * 3 0.65 0.50

the error (additionsl delay) in the Ship Equipment;

the length of the Receiver Transmission Line in feet;
the length of the Transmitter Tranesmission line in feet;
the length of the Intercomnecting Cable in feet;

the length of the Interconnecting Cable (test) in feet.

where

e 03 W e
LU I |}

The exact procedure for setting up this delay is given in the Main-
tenance Manual and must be followed exactly. The delay "E" as com—
puted by this formula is in addition to that for the Ground Station
(0,180 statute miles), so that the sum of these two "errors' gives the
Yoff scale' setting to the verniers.

THE RECEIVER.

The Receiver (R=15/APN-3) used in SHORAN equipment is an ultra=-
high frequency superheterodyne receiver, The same receiver is used
in the Ground Station equipment. It is built as a spparate component
for ease of servicing, and replacement if necessary. The Receiver
mounts in a space provided for it in either the Ship INDICATOR or the
Ground Station MONITOR.

The general charasteristica of the Receiver are;

Frequency tuning range 210 to 320 megacycles;

Band width 4 megacycles between half=-power points;
Sensitivity 2,5 microvolts (9 db.)above thermal noise;
Input Impedance §0 Obms

Output Impedance 500 Ohms
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BLOCK DIAGRAM OF THE RECEIVER.
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An average tuning curve for the Receiver is given in Pig, 7, and
the Receiver Response Curve in Figure 8. The Blook Diagram of the
Receiver 1s shown in Fig. 9. As indicated, the incoming signal enters
through a Converter where it is mixed with the Local Oscillator (LO)
frequency, then passes through six stages of Intermediate Frequency
(IP) amplifiers, and finally through a detector to the proper terminal
in the Indicator (or Monitor) chasais.

The Receiver chassis is of the two=deck type, wherein the Coli=
verter, Local Oscillator and the Tuning Circuits form the Upper Deck;
and the Intermedlate Frequency Amplifier and the Detector form the
Lower Decks The Sonvertsr tube is inductively coupled to the Antenna,
and its tuning line, the Grid Transmission Line, is tuned by & shorting
bar controlled by a hand-wheel with a counter system attached to indi-
cate the relative position of thias Shorting Bar. This hand wheel also

“tunes the Local Oscillater which has a similar transmission line and

shorting bar, and keeps it tuned te the desired 30 megacycles above the
incoming received signal, The inductance between these two tranamission
lines mixes the two signals = the incoming with the Local Osoillator,
with the result that a frequency of 30 megacycles is passed on to the
Intermediate Frequency Amplifiera. This I.F. amplifier ias of the "stag-
gered-tuned" type, where the input, 2nd., and ocutput transformers are
tuned to 30 megacycles; the 3rd. snd 4th. are tuned to 27.8 megacycles;
and the S5th. and 6th., are tuned to 32 megacycles. This syatem of
"gtagger-tuning” enables a Receiver to amplify signals which might be
consideradly off frequency ~ by as much as 2 megacycles - without great
change in output valus. This can be readily seen by an examination of
the Receiver Response Curve mentioned above (Fig. 8).

Since this Receiver has to recelve signals from two separate
sources which might have a very conaiderable difference in signal
strength, it is provided with two gain conirols, one for each of the
two Ground Stations, These two gain controls, being brought through
to the Indicator, are further controlled by the COMUTATOR in the Trans-
mitter, 20 that the particular control is effective only when algnals
are being transmitted (apnd received) from a particular Ground Station,

THE TRANSMITTER.

The Block Diagram of the Tranamitter (code name Tell/APE~3} and
a photograph of thias unit are shown in Fige, 10 and 11 respectively.
In this block dlagram, it is seen that the 'keying' pulses are received
from the Indicstor Unit. They are corrected in shape, amplified, and’
then used to 'key', or modulate, & radic frequency Oscillator, which
sendg corresponding pulses of radio=frequency energy to the transmit-
ting antenna {dipole)., The Transmitter alzo acts aa a distribution
canter for powsr to the Indicator. The general functioning of the
eirculte in the Transmitter are briefly described as followss
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Pulsea generated in the Indicator Unit and supplied to the Trans=
mitter are timed and shaped in such a.way that timing of their leading
edzers is relatively free from variation due tc changeable tube or cire ,
cuit conditions, The leading edges of the pulses returning to the Ship
after the round=trip te ‘the Ground Station can therefore be aligned
accurately with the leadigg edge of the Marker Pulse on the screen of
the. Indicator Tube, and serve as an accurate indication of the change
in the relative timing of the two pulses,

. This pulse shaping and amplifying chain *keys! the Driver, which
in turn 'keys' the Modulator; and the Modulator, in turn, the OSCILLATOR.
This Oscillator is a Tuned=Grid-Tuned=Cathode (TG7C) pushepull circuit
in which the Grid and Cathode circult tanks are resonant Tranamissicn
Lines, The Plates are at ZERO radlo-frequency voltage with respect %o
ground at all times. Since no d.c. voltage ia applied t0 the Oscillator
Plates except during the times of transmission, the stage does not
vaclllate except  dQuring the period when voltage is supplied in the fomm
of short positive pulses from the modulator. These pulses are approxi~
mately square in form and have z width of considerably less than 1
microgecond. The average cutput of the Transmitter is about 3 watts,
which eorresponds to a peak per-signal power of closs t0 10 kiiowatis,

In order t9 provide for the transmission of pulses on two separate
frequencies, the Oscillator tuning is accomplished by two shorting bara
placed across the Grid Line. One of these, that for the low frequency
pulse iz a s0lid bar which acts as a short clrcuiting member. The
other short=circuiting member 1z another har somewhat nearer the tubes,
This differs from the first in that it includes & vacuum relay ag part
of the bar, and as this relay is closed and opened, the Oscillator
tuning is varied alternately vetween the high and low fregquencies,

Tis relay is normally opened, and is controlled by & COMMUTATOR
Unit, which switches pulses approximately 10 ftimes per second in order
to send alternste groups of siznal pulses to the two Ground Stations.
This Commutator uwnit is alao provided with contacis which control the
circuit between the Receiver and the Amplifier to the Indicator tube
so that the distance pulses may be shown correctly {either inward or
outward) on the circular sweep, and thus make easy recognition of the
gignal corresponding to a given Ground Station.

The Transmitter can be tuned over a frequency band of about 50
megacycles, from 210 at the lower end to about 260 meps. at the highex
end. Since the Receiver is quite broad=-banded, it will receive signale
about 2 megacycles either side of the mid=frequency ¢ which it is tuned,
Therefore, the exact tuning of the Transmitter is not so vital, although
this can be accomplished within very narrow limits - about 0.10 mega=-
cycle. There 13 some variation of tranamitted freguency with time and
age of tubes: it is necessary to make océasajonal checks of the adjust-
ments, (The Osecillator is provided with a Cathode Tune and & Load




Ad justment, Neither of these adjustments effect the Qacillator free
gquency greatly if the settings are only sapproximately correct.)

THE ANTENNAS AND TRANSMISSION LINES,

The Antenna system of the SHORAN Ship Station consists of tweo
special vertical antennas which are connected t0 the Transmitter and to
the Recelver by high~frequency Transmission Lines.

The Recelving and Tranamitting Antennas follow the same design prine-
ciples, tut their dimensional differences are due to the difference in
the freguenciles under which they operate. Essentially, the antenns is
a quarter-wave dipole working against the ground plane on which it is
mounted. The antemma is fed, not at the base as is commonly dohe, but
at a point at some distance above 1t to provide greater stability of
impedance with frequency., This feature is necessary because each dipole
must present reasomadly constant impedance over the entire frequency
range of the assoclated Receiver or Transmitter,

The antenna proper consists of two metallic parts. The outer, a
ahort tube is electrically connected %0 the ground plane through a
mounting flange; the inner, s short length of rod, about twice as long
a3 the tube, extende through the tube and is insulated from it by & low=
l1oss bushing, This forms a short section of Co-axial 1ine where the rod
is inside the tube, The Co~axial sectiion acts as a coupling and impe-
dance matching device +0 connect the antenna which has an impedance of
about 100 obms to the Trensmission line with an impedance of 52 ohms.

The length of the antenna determines the operational frequency.
Therefore, in the ship equipment, the Receiving Antenns is shorter than
the Transmitting Antennn, for the respective frequency ranges are 250=
320 mepas, and 210~260 meps. The dlameter of the rod has the effect of
broad=banding the antenna, which is very desirable in this equlpment.

The transmission lines are of special high=frequency solidedielec-
tric Co-axial cable, with an impedance of about 52 ohms, and & propa~
gation constant of about 0.65 {i.e, the velocity of the electromagnetic
wave in the cable 1s 65% of that in free space, which is the value used
in the formule given in an earlier section.)

THE GRODND STATICN.

Radio Set AN/CPN~2 (Army Navy Ground Radar Navigation Equipment
Type 2) is the code designation of the Ground Station equipment, Since
no separate frequency channels are required for Ships operating on
SHORAN equipment, one pair of Ground Stations will accomodate a rela~
tively large number of Ships., Of course, Ground Station power con=-
siderations limit the number of ships operating simultaneously from a
pair of these stations %o ahout 20 a3 & maximum, For power economy,

19
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the Ground Stations use a directional Antenns System; therefore, ships
us ing the same pair of Stations must be somewhere in the same general
direction or area. However, where the distance to the Ground Stations
is not large, the directional reflectors may be dispensed with, with
the result that there is a 360° radiation of the oleatrmgnetio energy,
but with a reduction in power over a given direction.

The Ground Station equipment consists of a MONITOR and its RECEIVER,
a TRANSMITTER, an ANTENNA SYSTEM on an elevated MAST, and two gasoline-
driven POWER UNITS, These are described in the fellowing paragraphs,

THE MOHITOR,

The Monitor (m-lz/crn-a) is the central control unit of the Ground
Station. In operating service, most routine checks can be performed by
the operator at the Monitor panel, excepting, of course, starting and
stopping the Power Units, A photograph showing an installation of the
Ground Station equipment is shown in Fig. 12. Earlier in this discussion,
it was pointed out that the Ground Station consisted essentially of a
Receiver and a Transmitter interconnected so that signa.l pulses received
could be amplified and used 10 key a Transmitter to return them to the
Ship Station. This Receiver, which is identical with that in the Ship
equipment, is housed in the Monitor and together form the Monitor Unit,.
The Transmitter is aseparate, as shown in the photograph: the Transmit=-
ter is on the left, and the Monitor on the right.

The Monitor contains a large number of eircuits necessary for the
correct functioning of the Ground Station. An over=all picture of these
circuits may be gotten by a study of the Block Diagram in Figure 13.
This block diagram shows the general way in which each circuit serves
its purpose in the eguipment. As with other diagrams, this shows only
the features which ars described below, and doses not necessarily show
all the functional features as some are purposely omitted for clarity.

The OSCILLATOR is a crystal controlled oscillator and is the Master
Timing frequency of the entire system - both Ground and Ship equipments.
This frequency is 93109 cycles per seconi. TFrequencies derived from this
oscillator are 93109 cycles, 9310,9 cycles, and 931.09 cycles. The
crystal is of great precision, and 1s houvsed in a temperature controlled
oven, where at a temperature of 70° Centigrade, it will maintain this
frequency with a minimum drift. The two partial harmonics of the master
cryastal are required for tests and in checking the functioning of the
equipment, They are referred to as the 93 kc., the 9.3 kc., and the
0.93 ke, frequencies for brevity.

The Monitor serves the purpoge of determining the correct function=
ing of the Ground Station equipment ai all times. There is a Function
Switoh which connects various circuits to the Indicator Tube, and
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therafore the operator can tell at a glance whether the Bqnipmont i
functioning correctly or not. The vazious operating functions are checked .
on the first seven {7) positions of this switoh., Direct re~transmission

of pulses recelived from the Ship is effected only in positions (8) and

(9) which are marked 'OPERATE-M(NITOR' and 'OPERATE®.

In either of thease two latter positions of the Function Switch,
the following signal path is set up, Pulses originating st the Ship
Station are received on the Antenna, amplified and detected in the Re-
colver., The selectivity of thia Receiver is such that it will not accept
signals which are intended for another Ground Statiocn., The Output pul=-
ses of the Receiver g0 to a Variable Delay Network which is an artifi-
cial Transmission Line consiasting of many sections made up of capaclitors
and inductances, These pulse signals, in passing down this chain of
circuit sectlons, are delayed a fixed amount in each section, and pulses
delayed by the acounulated amount due %0 any nwmber of sections can dbe
ploked off at will by connecting the output terminal to the desired
section. This delay per section is approximately 0.05 microsecond, or
in this case where the delay line consziasts of 20 sections, the total
delay 13 a maximum of 1 microsecond. The purpose of this delay network
1s %o enable the operator to standardize to a prodetermined value the
over-all delay in the Ground Station equipment., Thia delay-must be
standardized, for any uncontrolled variation from a fixed known value
will cause a variation In the total round=trip time whiech the signal
puise 1s supposed to measure,

While the Ship Station equipment depernds upon an Oscillator of
great stabllity and accuracy for cerrect distance measurements, the
crystal is subject to a small frequency drift due to temperaiure changes
during the operating period, against which there have bheen no provisions
made to guard it due to the neceasity of saving in weight and space of
the. air-borne equipment, Therefore, provision has been msade at the
Ground Station t¢ generate and transmit trains of puleee with an accurate-
ly fixed repetitian rate, which the Ship operator may recelve and use as
a standard frequency in adjusting the Ship Station Oscillator. As the
nominal repetition rate of these pulses is 9,3109 kes., they will appear
as statiopary on the Ship iImdlcator if that frequency is 9.3109 kes,.
However, 1f they move around the sweep, it will indicate that the Ship
Oscillator i3 too fast or tov slow depending upon whether they move
clockwise, or counterclockwise, This is corrected, in the Ship, by
ad justing & amall variable condenser (OAL ADJ} on the Indicator panel
wntil the pulses= are stationary., This adjustment will take care of a
drift of from =5 to +10 cycles per second,

For this type of service, the Function Switeh is set on *Monitor—
Operate! or position (8), The pulses iransmitted by the Ground Station
Transmitter are picked up by the Receiver in the Monitor and routed in
the same path a8 a signal from the Ship Station. On this poaition of
the Function Switch, both the received pulses from the Ship and the
Calibrating pulses are itransmitted to the Ship, In position 'Operate?
{3), only the received signal pulses are re-transmitted.
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Station~Delay Checking is performed with the Function Switch in
- *Monitor-Operate?, the same as used for trgnsmitting standard timing
pulses fer Ship Station CAL ADJ. At any time that the Ground Station
operator ia checking his Statlon Delay, the equipment is also sending
out timing pulses, This is necessary, because, in order to check the
Station Delay, it 13 necessary t0 send a signal around the entire
path, within the egquiment, of the signal t0 be re~transmitted in the
Ground Station,

This is accomplished by generating two pulses in the r.f., genera=
- tors One r.f. pulse is picked up by the receiver and passes through
the same path that the re-transmitted signal follows:; the Receiver,
the Variable Delay Network, and leaving the Station from the Transe
mitter Antenna, The other is a demodulated Oscillator Grid pulse
envelop, which passes through a FIXED DELAY NETWORK,

This Fired Delay Network is the standard of time used in the
Station Delay measurement, and when the transmission'time through the
re=transmission circuit consisting of the Receiver, the Variable Delay
Network, the Trsnemitter and all the associated components is made
equal t0 the re-transmission time through the Fixed Delay Network,
the Station Delay has been standardized at 0.180 statute miles. This
delay takes into acecount the length of the tranamission lines between
the anienns array and the Monitor-HReceiver and the Transmitter as well
as all other circuit delays. The pulse, after pasaing through this
Fixed Delay Network, pasmes t0 the input of the Transmitter, where it :
is reshaped and amplified, and finally *'keys' the Transmitter Cscille~ E
tor in a manner similar to that in the Ship Station equipment. '

With the Function Switch set at Pos. 8 ('Monitor-Operate'), these
two pulses appear on the screen of the Indicator Tube in the Monitor.
It is then only necessary to adjust the Variable Delay Network (ZERO
ADJ) until the leading edges of the two pulses ars in coincidence.,
Thus, we have two pulses starting out at the same time, One travels
through the Ground Station Recelver and Tranamitier and all inter-
vening cirewites experiencing a time delsy which is oslled the CIRCUIT
DELAY, The other iravels through a network which introduces a fixed
delay in its transmission. Both finally end up at the Oscilloscope
where the traces on the cathode ray tube screen will coincide if they
have experienced the szame time delay.: By introducing into the
Receiver—Transmitter {or, re~transmission) circult a variable time
delay, it is possibleto adjust this delay 3o as to cause the desired
colncidence, This measures only the delay experienced within the "
equipment, and does not consider the delasy due to the transmission
lines between the antemna system and the Ground Station equipment, :
However, for a fixed length of transmission line, this delay will de
constant, and can be computed with the required accuracy. If this
delay is added to the circult delay, the over-all delay iz known.

If 1t is desired t0 keep the over-all delay at 2 miorosedonds, the
atation delsay can be standardized at a value ammewhat less than the
2 mlcroseconds by subtracting the delay time caused by the transe
misaion linea to0 the two antennas,
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Provizion has bheen made in the Fixed Delay Network for the use
of either one {82-feet) or two lengths (124~feat) of transmission
line t¢0 connect the Anterma syatem to the Recelver and Transmitter,
This 18 adjusted for by switch marked *TRANSMISSION LINE' and indi~
cates whether one or two lines are used.

The BRECEIVER is the same unit as that descrived in another place,
In order to tune it to the proper frequsncy, a somewhat round-about
method iz used. The Punction Swiich is set at *TUNE 0SC' ({position 5}.
A special calibrated wave meter is employed in this operation (in the
lower left cormer eof the Monitor}. From the calibration table on the
Monitor panel the setting for the desired frequency iz calculsted, then
the vernier set to thils value, This adjusts the length of a resonant
cavity. The Wave Meter is supplied with & asmall amount of radio=-fre-
quency energy from an r.f, oscillator. When the frequency of the
vacillator output has been adjusted to equal that of the resonant fre-
quency of the wave meter, the circulating current is at a maximum,
thus indicating correct tuning of the Oscillator, This iz indicated
on the omcilloscope screen, correct tuning being accomplished when
the height of the signal shown iep at a maxinun.

The Receiver is then tuned to the same frequency as indicated
by the wave meter. The Function Switeh is set at 'TUNE REC' (position
6)s Since the Receiver is very broad~banded, there will be a consider—
able space over which there is a uwniform gain. By noting the points
on either side of the maximum at which the signal height is reduced
to about 1/4 the maximum and taking & mean of the two comnter readings,
the comprect smetting has heen accomplished. The Recéiver ia tuned by
means of its calibrated tuning dial, and the final reading should be
near that picked off the Average Calibration Curve (Figure 7).

Trangmitter tuning is accomplished with the Function Switch in
TPRANS TUNE! (position 7). In order to tune the Transmitter, special
gignal pulses are generated in the Monttor at s repetition rate of
9310,9 per secomd, This p.r.f. i2 necessary to drive the Ground Ste-
tion Transmitter at about the maximum power cutput that might be
expected of it during actual operation., With the Function Switch in
the proper pogsition, this train of signals is applied to the trans=-
mitter; it also permitas viewing the envelop on the Monitoer Os¢illos~
cope screen, This indication is not used as a tuning indicator, how
ever. For this, the operator must station himself at the Transmitter,
The Transmitter tunes over a range of 40 megacycles, from about 290 %o
330 megacycles, The correct frequency indication is given when the
telectric eye! in the Transmitier panel has the minimum shadow, The
use of a Power Meter is essential in this operation. The exact pro=~
cedure ig not given here,




Other Functions of the Equipment are shown when the Switoh is in
one of the poaitions {1), (2}, (3}, or (4}. These positions show the
operation of the frequency dividers. Positions (1) and (3) dhow
divisions by 5; and positions (2} and (4) show divisions by 2; er, in
other words, these four positions will indicate whether there is actu~
ally & division of frequency that will give exactly the freguencies
mentloned in other paragraphss 9.310% kes and 0.93109 kes, These
frequencies are required in various parts of the eguipment such as
sweep genserators for the oscilloscope, station checking, and particu=
larly generating standard timing pulses.

Sketches of the varlous Oscilloscope patterns for the different
Function switch settings are shown in Figure 12. By use of the various
adjustments which affect the oscilloscope, the patterna can be made
to reaemble those in the sketch very closely. -

THE TRANSMITTER.

The Transmitter {T=12/0PN-2) is much the same as the Ship Trans=
mitter. The main differences are that 1t has been designed to operate
at a much higher average power ouiput so as to acocannodate as many as
10 or 20 ahips at a time using SHORAN equipment; and that it operates
on one fixed freguency instead of two, Thie requires the use of a
more powerful modulator atage, but at the same time dosz away with
the second shorting bar =nd vacuwmm relay in the Grid Transmission line.
The average power output of this Transmitter 1s about 60 watis, with
a peak power per signal of about 15 kilowatts, As in the Ship equip~
ment, the Transmitter is the distribution peint for power supplled to
the Monitor and Receiver,

The ANTENNA SYSTEM is supported by a MAST 50 feet in height. The
Magt consista of six (8) sections of telescoping tubing made of ply=-
wood, The Mmat agpembly is 1n the form of a section of constant
gtrength; that is, it tapers from the larger section in the middle to
the smaller section at each end. The two center sections are abomt
g=inehes in dlameter, the upper and lowsr sections about 7~inches;
and the top and bottom sections about é-inches. The weight of the Mast
alone is about 90 pounds, The Mast 1z supported in the vertical posi=-
tion by three sets of stainless steel guys placed at about 17, 34, and
50 feet from the ground; and the spread at the base is about 20 feet,
one guy from each gset being brought to & common anchor. A front and
side viaw of the Maat and Antenna system are shown in Figures 14 and
15,

The ANTENNA BASE consisits of a stainless steel $mbing frame-work
with a screen of wirea forming a reflecting surface as well a3z a
ground plane for the Antennas, The base is roughly itrapezoidal in
shapa, being about 16" wide and 14 feet long. There are two sets of
REFIECTORS walch form & part of the Ground Station Antenna system.
These are secured to the Antenna Base in the form of a horizontal 'W*,
with the Reflectors vertical, The Reflectors meet each other and
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FIGURE 15.
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secure to the base at right angles (909} and thus form a sort of
"corner reflector™ which gives & directional antenns patiern with a
BEAM WIDTH of about 800, This width of the field pattern is indicated
by -the points at the side of the polar diagram 10b8 where the field
.s8trength, the sffective power gain is somewhat more than 5 as compared
to 360° radiation without reflectors,

The Antenna Mast together with its guys and fasteninga is first¢
assembled on the ground with the base set in its final position,
Suitable anchors, or deadmen are set at four points about 20~-feet
from the base, and 830 as to form & square, with one almost under the
Mast, one on line with the center of the Mast {prolonged), and the
other two at right angles t¢ the Mast, The guy wires are laid out and
those running to the anchors at right anglee to the Mast are secured
to them by means of the turnbuckles and short length of chain provided.
Those guys which go to the anchor furthest along the line of the mast
are secured to the end of an erecting boom; the boam is held in a
vertical position by two rope guys golng to the anchors at right angles
to the Mast. There is secured to the upper end of the boom a block=
and=-tackle long enough to reach from the boom to the furthest anchor,
When tension 1s applied to the block~and~tackle, the guys attached to
the upper end of the boom are adjusted so thet the mast assumes a per=
fectly straight line. The adjusiments are made by means of jurnbuckles.
When the stays have been adjusted to make the mast etraight, the mast=
head iz elevated about three feet, and the Antenna Base and Reflectors
attached to it, Finally, the two Antenna Dipoles are secured 1lnto
position, the Transmission Lines connected to their respective Dipoles,
run down the mast and secured to it, by means of the special fittings
supplied. 'T™e serection of the Maat ia then continued, making such
ad justments as are required to keep the Mast straight, and g0 up as
nearly vertical as posaible without undue strain on the Mast or any of
the stays. When in the vertigéal position, the boom end is secured to
its anchor (or removed, and the stays secured to the anchor, as may be
deaired}. Firal adjustments are then made to all the stays to gake
the Magt straight and vertical. Figures 22 to 27 show the progrens
in the erection of the Mast ani Antenna,

The Antennas are exactly similar to those wsed with the Ship equipe
ments However, they are reversed in théir connections, for the Ground
Station receives on the Low frequency, and transmits on the high fre-
guency, Therefore, the longer dipele is connected to the Recelver;
and the shorter one to the Transmitter, by tranemisaion lines of the
same characterlstics as those described for the Ship Station.

THE POWER UNITS.

The Power Units are designated by the code m—e/c?n-z. The motive
power for this uwnit i1s a single cylinder gasoline, air coecled, two
cycle engine. Ita regulated speed is 4000 revolutions per mimute, The
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gagoline required is regular aviation 100=octane gquality. The engine
is provided with a one-gallon gas tank attached, and means of connec=
ting an auxiliary five-gallon tank to it.

The generator assembly consists of a 1400-watt, 118-volt, 400=
cycle inductor-alternator; and a 400-watt, 26~-28-velt direct-current
generator, The altemator rotor and the direct=current generator are
mounted on a common shaft which is coupled directly to the engine
crank=shaft. The alternator stator and the cirect=current yoke,
brush assembly, and so en, are secured to the shell, A fan is pro=-
vided which circulates great quantities of air around the engine.

The output a.c., voltage is regulated within narrow limits by
means of a General Electric Voltage Regulator mounted on the generator
end of the unit, There 1s provided means to make suitable connections
to the Ground Station equipment by an outlet plug and cable, which
carried both types of voltage to the Transmitter Unit.

" Two Power Units are supplied with each Ground Station equipment

in order that there may be as little delay as possible caused by
power failures due to mechanical faults.

METHOD OF CALOULATING DISTANCES.

The distances between the Ship and the Ground Stations as indicated

by the SHORAN equipment are not, in general, exactly equal to the great
circle distances as they wenld be measured on the earth (or on the map
or chart). This is illustrated in the Sketch of Figure 17a, where

'S' is the SHORAN distance, 'M' is the great circle (\or map) distance,
*H* is the elevation (in feet of the Ground Station Antenna, and °*K*

is the height (in feet) of the Ship Antenna. The indicated SHORAN
Distance 'S' differs from the navigational distance "M' for a number
of reasons, These are classifled as

1= Systematic errors
2= Random errors,

SYSTEMATIC ERRORS.

In the particular case in hand, it is desired to reduce the
SHORAN diatance 'S* to the correct MAP distance 'M'. The SHORAN dis-
tance is always greater than the Map distance, and therefore, if ‘A’
is this difference

n = 3 - A.
As will be shown later, the valus "A' is ocaloulated from the SHCORAN

distance 'S, and that, since °S' and 'M' are very nearly equal, the
correction (or addition) to the Map Distance to read Shoran Distance

31



32

may be computed from the same formula., Actually, however,
S s N+ A°

where 'A' and 'A°Y will differ by a very small amownt on short lines.
In this computation, aome of the points to coneider are:

1= The map diastance '™' {s a great clrcle disitance between the
Ship and the Ground Station; that 1s, it ia the shortest distance on
the surface of the earth between the two points.

2= The SHORAN distancs *'S* is the distance indicated by the
equipment and will differ from the great circle for the following res=
sonss The end points of the SH(BAN line are differend from the ground
points, for the Ship Antenna is at a height 'EK'-feet above the water,
and the Ground Station 1z at a helght *H'-~fset above the water. The
SHORAN path is neither a straight line, nor a great circle line, Due
to the varying amount of refraction dwa to the atmosphere, the SHORAN
path can be very closely approximated by a circular arc with a radlus
of about 15,000 statute miles (or more closely as 3,91 timez the radius
of the earth). Alomg the SHORAN path, the welocity of the radio waves
cannot be everywhere egual to the velocity for which the equipment was
designed to read correct mileages, The value chesen - 186,218 statute
miles per second= is at atandard sea-level barcmetric pressure of
29,92 inches of mercury, as explained elsewhers, Thus, the velooity
varies along the path depanding upon the elevations of the particular
points above the sesa. Considered altogether, these corrections will
make the error *A' as great as 0,250 statute mile when the SHORAN dle~
tances and the elevations 'H* and *G*' are great (for example, 'S*' =
200 miles, 'H' = 20,000 feet, and 'K' = 500 feet} as would be expected i
when the equipment was used in asrial navigation, The correction *A! E
will -therefore depend upon the elevations of the two pairs of antennas
(Ship and Ground Station) as well as the measured SHORAN distance.
This correction is given by the following formulas
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Mep disgtance in Statute Miles
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Height of Ship Antenna in feet

Elevation of Ground Station Antenna in feet
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Then

s .
M= A[S - %:{ +B+0C+ YV, (¥ = velocity correction)

and, 1f H and K are in feet, and M, 5, and V ere in Statute milea,
this forsula decomesn:

M=o 239208 (BX) _ L7935 (8k)2 , 0.2485 53 _ 1.6083 ;naxzﬂ, Y.
20 10° s 10 10'° 3 -

and, it will lend 1tself to tabular computation of the varions combine=-
tions of H and K, It will be seen from & casual inspection, that,
where both H and K are small, that at least the fourth term will be
negligivle, If 5 is relatively small aa well, (5«50 Mi.)}, then the
correaﬂon 'A* will be practically ZERO, since all terms are divided
by 10%. In any case, excopt for very short lines where the actual
slope distance correction will apply, thiz correction does not exceed
0.001 statute mile where S * 50 statute miles.

-8 in K in Hin A in
Mllen Foot Feot Miles
1 80 500 0,003
2 80 500 0,002
3 80 500 0,001
10 80 500 0.0004
25 80 500 0. 0006
50 80 500 0, 0007
3 80 1000 0.006
5 80 1000 0,003
10 80 1000 0.002
50 80 . 1000 0,002
100 a0 1000 0, 0005,




Sin K in Hin A in

Kiles Feot Feot Miles
3 80 1500 0,013
5 80 1500 0,007
10 - B8O 1500 0,004
50 80 1500 0,003
100 80 1500 - 0,007,

As stated in a previous paragraph of this discussion, the velo=
oity of & radio wave varies about 54 miles per second from the minimum
of 186,218 miles at 29,92 inchea mercury to 186,274 miles per second
in vaouo. Assuming a straight line variation over this range (which
is, of course, not exactly cerrect), & decrease in barcmetric pressure
of l~inoh to 28,92 inches will make the velocity approximately
186,220 miles per sesond, Or an increass of 1:93,000 {about). In a
distance of 50 statute miles this correction is almost insignificant
except where extreme wmcoursacy is required,

RANDOM ERRORS.

The Random errors may be summarized ag followsi

1= Setting and reading mileage verniers )
. Probable maximum « ¢« o ¢ o s ¢ o o ¢ o : 0.002 st.ni.

2=~ Non=linearity of timing phase shifd
cirouits ~ the Goniometers .
Probable MAXIMWN « « o+ o o o s o o o » % 0.010 stenmi,

S~ Brror of ZERO ADJUST in Ground Station
Probable maZinum « o ¢« o ¢ o 5 ¢ ¢ o o : 0.005 Bt.mil

It is not probable that all errors will accumulate or occur at
the same time, Laboratory tests seem t0 indicate that the mAximum error
in the ship equipment will not exceed 0.010 statute mile ( +or =).
It is possible that the Ground Station error due to the ZERO ADJ will
not exceed 0.002 statute mile, This gives a maximum of about C.012
mile or roughly, 50 feet.

The error in setting and reading the verniers is obrviously a
human ‘error and varies with the individual., It cannot be actually
neasured.

The error in the phase shifting Circults, or, properly, the
GONIMETERS, 48 due entirely to the manufacturing process which speci~
fies certalin tolerances as limits. An attempt has been made in the
manufacture to design and place the inductances 1n such a way thut
there will not bhe a deviation from linearity of more than & few degrees
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at any point, A 4° deviation from linearity at any one point will
correspond to about 0.010 mile. This error cannot he corrected for
in the inatrument as mangfactured, but a calibration curve can be
determined by laboratory methods which will give the derviation over
the 360° of rotation of the Goniameters, This error then can be
corrected according to the laboratory findings, .

The error in the ZERO ADJ at the Ground Station iz due to the
characteristics of the Fixed and Variable Delay Lines in the Monitor.
As was explained earlier, these lines are artificlal transmission
lines made up of sections composed of inductances and capacitors, the
component values being selected so that each secticn delay time corres=
ponds to about 0,005 statute mile, and that the ZERQ ADJ Switch plcks
off the desired delay in steps of this magnitude. It will easily be
waderatood that it is not probable that the ZERO ADJ will make proper
coincidence of pulse pips in the *scope at cne particular section con-

tact, that actual coincidence will be effected at some point between
two sections, Since by the comstruction of the delay line, thias is
not poasible, the error introduced here may be as large as 0,0025
statute mile, Further, the switch which selecta the contact for ome or
two {ransmission lines operates over sections of the fixed delay line,
and it is possible that the error in the selection may also be of the
order of 0.00256 astatute mile, If these are acommulative, this erros
can bs 0,005 mile { + or =), MThis error can be raduced only by greater
horizontal amplification in the oscillosgope so that the deviation from
exact coincidence can be seen; or by making one or two sections of each
delay line variable over a small amount o equal this probable errer.
It is not practical +to make these changes ln the equipment in i+4s
present form.

THE UNCERTAINTY OF POSITION,

Az stated above, the probable maximum error in any one reading
is about 50 feet. As this error can be eithser plus or minus, and
appears in any reading, there will be a certain amount of uncertainty
in any one position. This iz iliustrated in the Sketch in Figure 17.
The probable error in the disbances measured will give a diamond=
shaped area centered aboul the position as determined by SHCHAN dis=-
tances, It will be noted that the angle at which the two radio paths
intersect at the poaition largely determines the size and shape of
this figure of uncertainty. It will be zeen that, at very zmall
(30° or less) or very large (150° or greater) angles of intersed¢tion,
the areas are the largest; and that at 90° the area is the smallest,
Therefore, it would appear that the best determination of position
will be when the angle of intersection of the radio paths is greater
than 30° and leas than 150°, '
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On the reverse sides of Figures 28 and 29 are drawn arcs on
which the intersection angles are 30°, 60°, 90°, 120°, and 150°% It
will be obmerved that the area is almoat entirely within the limiting
curves of 60° and 120° and that, only near the base line, does the
angle become very large {180°) and the position indeterminate,

RANGE OF THE SHORAN SYSTEM,

As stated elsewhere, the radio path iz neither a siraight line
nor s great circle line between the Ship and the Ground Statiom Antennas.
The effect of refraction in the atmoaphere on the radio path is to bend
it downwards making the path roughly circular with & radius of about
15,000 miles {or more exactly 3.91 R of the earth). This makes the
radio range about 164 greater than the optical range, The range can .
be approximated by the formulas

p= L4z (VE +Ym

It is probable, where both Ship and Ground Sitation Antenns are at
low-elevations, that the effecta of refraction may be greater than .
indicated in the formula., The factor {1.42) is the value selected as
nost nearly giving correct ranges where elevations are fairly large
as is the case when planss are used,




"SHORAN™ FOR HYDROGRAPHIC SURVEY CONTROL

SHIP EXPLORER 1945

“SHORAN" {8 the name given to a precise SHORT RANGE NAVIGATION
aid, It is a specialized adaptation of RADAR in which distances
are measured with a very great degree of accuracy., The operation
of SHORAN requires a Ship unit which is called the INDICATOR with
its necessary auxiliary equipment (the whole unit being designated
by the code AN/APN=~3, which means; ABMY-HAVY AIR BORNE RADAR
RAVIGATION BQUIPMENT Type 3); and two (at least) Ground Stations
which are specialized repeaters (being designated by the code
AN/CPN=-2, meaning ARMY-NAVY GROUND RADAR NAVIGATION EQUIBMENT Pype 2).
There is & complete description of these equipments as part of this
paper, in the section "HOW SHORAN WORKS., "

In operation, the Ship equipment transmits short bursts of
pulses to each of the two Ground Stations which receive and amplify
them and return a similar pulse to the Ship equipment where it is
amplified and shown on & cathode ray tube. If the time intervals
between transmitted signals from the Ship and the Ground Stations
can be measured, then the distances between the Ship and the respec~
tive Ground Station are also knmown since distance is equal to the
product of time and veloclity. Since the distances are radial dis-
tances from the Ground Statiomns, each can be represented by a& circular
arc, and the intersection of the two station arcs will be the required
position, It will be mssumed that the discussion on "HOW SHORAN WORKS™
will have been reads therefore, this paper will be limited to the
actual operation of the equipment in the field tests conducted by the
Ship EXPLORER during the latter part of the 1945 field season in
Alaskan waters,

EQUIPMENT RECEIVED.

The equipments received for these tests, which were to deter-
mine how well SHORAN would be adapted to Hydrographic Survey control,
were: :

on 6 August 1945, 4 Radio sets complete AN/APN=-3;
24 August 1945, 2 Radio sets complete AN/CPN=-2;
31 August 1945, 2 Sets test equipment,

The late arrival of these equipments presluded the operation
of more than one ship on this work although there was equipment to
operate two ships. Since the tests were to be conducted in areas
remote from any repair or supply base, each ship was to be fitted
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with two equipments AN/APN-3 so that as 1ittle delay as possible
would result from any bresk-down of equipment, There were four
ground station equipments requisitioned, btut only two arrived for the
experimental work,

INSTALIATION OR THE SHIP EQUIPVENTY.

Two Ship eq_nipments‘ wore unpscked and inspected for completeness
immediately after receipt on board, The balance of the eq_uipnent was
pla.eed in the Sound Locker for storaze wntil needed.

The Bridge and the Radioc Room of the ship had previously heen
surveyed for the best positions in which to install the two units of
the equipment. These sites having been decided upon, suitable foun—-
datians were installed hy the ship's forces and were resdy for the
placement of the equipment when it arrived, The INDICAT(R was in-
stalled in the Bridge om the aft bulkhead Just inboard from the WHMCH
Echo Scunding Equipment, It was necessary to shift the "HMCH out-
board about six inches to make sufficient room for the INDICATOR to
clear the Chronometer case, This gave a very sasisfactory arrange-
ment of the equipment for use during the survey work conducied, as
all personnel concerned were grouped in a small area near the plotting
table,

The TRANSMITTER unit was inetalled in the Gyro=generator room
on & foundation built just aft of the Power Stack of the DORSEY III
Fathometer. This site provided plenty of space for air circulation,
and, at the same time, allowed the nec¥ssary amount of accessibilisy
to ad just the equipment, Further, since this part of the equipment
makes considerable nolse while running dus to the dlowers which
circulate air around the transmitting tubes, this objJectionabdle
feature was reduced to a minimum,

This equipment requires the following pmf auppliess

600 watte 1156 volt 400-2600 oycle alternating current;
150 watts 24~-28 voly direct current,

To furnish these two voltages in the required wattages, the 525-cycle
motor=generator which i# a companent of the DORSEY III egwipment,
and the 24~28 volt genemotor which is the power supply for the ABE~4
equipment were used, A power cable was made uwp connecting these two
power sources to the TRANSMITTER, ‘

An intercomnscting cable 'between the INDICATCR and the TRANSMITTER
was made up, following very carefully the instructions in the Manual,
This cable was 35~feet long, measured as adout the shortest practicable
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distance and in as direct a line as possible between the two units,

The cable waa laced and taped on completion. Holes were drilled
through two bulkheads large enough to permit the camnscting plugs

to pasa through. This was desirable for the reason that the cable could
be made up more easily on the bench, and this arrangement permits the
removal of the cable without unsoldering the connecticns,

Suitable cables of High Frequency Transmissiom Line wers na.do
up to connect the RECEIVER in the INDICATOR and the TRANSMITPER to
their respective ANTENNAS. These cables were made up several feet
longer than the installation required 4o allow for possible change in
position of the equipment or the antenna base, These were both cut o
a length of 75 feet., The Tranemission Line to the TRANSMITTER was run
©p the star-board aft top stay of the mast; the line to the RECEIVER
was run up the transmission line te¢ the RADAR, Both wore aoctu'ed at

intervala of about 18 inches by marlin,

The antenna BASES had been made up at an earlier date and were
ready for installation. These consisted of two ground planes made up
of aluminum angles with a suitable base for the antenna dipole,

These bases were supported by an aluminum~angle frame-work secured to
the protective cage at the base of the RADAR DOME at the truck of the
fore~mast, The installation was secured by "U"=bolts to this frame., .
Several Fhotographs of the Antenna installation are shown in Figs.18-21.

The inst{allation of the Ship equipment was completed on 20 August
and the power was applied for a check on the equipment. (In the
wsual installatln aboard a plane, the 24-volt DC power runs a 400
ocycle AC. inverter; if the DC power fails, no other power is applied
to the equipment}, The equipment £s protected from damage by & DC
relay which closes the AC line in this installation Just in case
there should be a failure of the protective device within the trans~
mitter. This probably 1s just an extra precdution, and is not necesasary,
The DC power is necessary only to operate the blowers which circulate
air around the transmitting tubes and in the Indicator and Transmitter
apaces, but positively must always be on when the equipment is running,

This test run of the equipment was very satisfactory. Opportunity
was taken to make preliminary settings for the receiver frequency of
310 MCPS and the Transmitier HIGH frequency at 250 MCPS, and the LOW
at 230 MCPS., These latter freguencies ware determined by means of a
General Rmdioc Wave Meter Type 758wA, whioh proved to be accurate withe
in about 1 megacycle when later checks were made with a LaVoie Meter,

INSTALLATION OF GROUND STATIONS.

The late arrival of the Ground Station equipment determined more
or less the area in which the experimenial work was t0 be conducted,




FIGIRE 20. SHIP ANTENNA - TFROM AFT.

FIGIRE 21. SHIP ANTENNA FROM BELOW.




44

A project for the survey of Ingenstrem Rock had been given the Ship
late in the season, and it was decided t¢ make the survey of this
area with SHORAN cemtrol. Accordingly, sites for the two Ground
Stations were declded upon: one atation to be on the eastern end

of Shemya Island, and the other on Krugloi Point on the north-eastern
end of Agatin Island..

STATION "SHOR", Work was begun on the establishment of the Shemys

3 Station on & September 1945, The site selected was on fairly high
ground, elevation 228=feet, clese to an unused Pacific Hut built by

the U, 5. Army a8 a look-out posf, All Ground Station esquipment and
camp ‘equipment was transferred from the ghip to the station site
during the morning, by whale~boat from ship-to-shore, and by Navy
truck from shore to the site. The actual establishment of the sta~
tion was begun in the afternoon, with preparatiom for erection of the
Antenns MAST. The character of the ground preciuded the use of stakes
for securing the mast stays: dead-men were necessary to insure sup=
port of the mast during the heavy winds that prevail in this area.
The dead-men c¢onsiated of wooden frames about 2-feet by 4=feet made
of 2x4's. ~ These were bturied at depths varying from a few inches to
three feet, depending upon the nature of the earth under the tundra.
The dead-men were weighted down with bags of sand available from the
abandoned lookeout .posts This part of the work was the most difficult,
and required about three hours 4o accomplish, The masi was assembled
and the guy cables run out to their respective dead-men during the
gsotting of the dead-men. The Antenna Base, antenna dipoles, and the
transmission llnes were assembled, and the mast erected the following
morning in & little over an hour'es time, The base of the mast was
about 50 feet from the hut which housed the Transmitter-Monitor;
this necessitated the use of both sections of transmission lines,
making the total length 124 feet.

The station equipment was set up and the power units connected
by the cables provided. The operation of the equipment was fested,

~and an over-all check made of all the functions of the station eguip-

ment. This Receiver was tuned to receive signals of a frequency of
230 mcps; the Transmitter frequency checked at 310 meps. The power
output az determined by a watt-meter was about 60 watts average,
indicating a peak per-signal power of close to 15 kilowatis,

Comnmunication hetween the Ground Station and the Ship was pro-
vided by radio *phons on & fregquency of 2,738 meps. This equipment
was loaned by the Armmy Signal Officer on Shemya for the duration of
the project. The communication antenna was attached to the SHORAN
mast just below the antenna base. It was found that, when the
antenna array was pointing in .the same direction as this communication
antenna, there was enough pick-up, when using the phone, to cause the

-




FIGURE 22.
MAST ASSEMBLED ON THE GROUND

FIGURE 23.
MAST BEING RAISED (1).

45

[ ——



46

SHORAN Tranamitter to over load and thus open the overload relay.
This was not considered at all detrimental to the operation of the
station aince this particular pointing was little nsed, Receiver
gain could be reduced to & minimum if necessary to use the 'phone.

The maat was located by ususl triangulation methods from avall-
able stations near~hy on the island, The elevation of the base was .
determiried by Adip-angles to the horizon, The elevation thus computed
was 220 feed, which made the height of the dipoles 270 feet (the mast
bveing 50 feet talll.

STATION "RAE"™, TM™is station was t0 Ve eatablished near triangalation

gtation KOG on the northe=east point of Agattu Island, While this

area was not in the practice-bomdbing area, the station which was

marked by a large white=cloth=covered itripod seemed to0 be a particular

favorite to the fliers. The area for several hundred yarés about this

point was well covered with bomb eraters, and a particularly large

number 0f unexploded parafrage lay near the station. There had been .

no exploaion within ten yards of the station, although there were some

25 m "duds" within that radius of the station, A bomb disposal squad

was brought from Attu to zet rid of these bombs bvefore the construction ;
work could be atarted. It waz also necessary to request that no fure
ther boambing in this area be done, : i

The 1l4th Construction Battalion (Navy) had been cantacted pre~
vioualy with regards fo the comstruction of & knocked=down hut to
be used at this station. They not only were agreeable o the con- .
struction of the hut, but wanted to erect it as well. A weasel,
material for the hut, and 6 barrels of gasoline were loaded on an i
ICT on the evening of 16 September, and taken to Agattu Ialand the
following morning, A landing was attempted in the cove on the north
side of the point near KRUG, but due to the low tide, the ICT could
not get over the out=-lying rocks, with safety. It was then decided
to make the landing at MacDonald Cove (near the middle of the eastern
side} where the material was landed. One load of equipment consisting
of two halves of the floor and several small sections were taken to
the site that evening., The following day two more loads of material
were taken to the station and the hut partly erected. It was necessary
to call off all operations due %0 a severe storm approaching, and the
Ship ran to Attu, No further work was possible until 24 September,

‘when the hut was completed. Due to the generally bad weather condi-

tions which would prevail from this date on, it was decided %o abandon,
at least for the season, the plan of surveying Ingenstrem Rocks,
Landings at the station would be difficult or reguire a long hike over
the tundra from MacDonald Cove, Therefore, all the equipment which
had been taken to the station was returned to the ship that evening.
The hut, however, was secured for the winter and will be available for
future operations,




FIGURE 24,
MAST BEING RAISED (2).

|

FIGURE 25. MAST BEING RAISED (3).
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The program of experimental work had to be revised to allow the
egtablishment of this Grownd Station somewhere near Massacre Bay
where the difficulties of servicing the station would be much less.
It was decided to establish this station near triangulation Statlion.
LITTIE on Murder Point. The side selected waz about a half mile west
of this station, on the fop of a knoll 105 feet in elevation near the
Station SARANAC, This was the site of & gun emplacement which had
been abandoned for some time, A smell hut was available asa quarters
for the men, and as space in which to install the Ground Station equip-
ment.

T™e eraction of the mast followed much the same linez az st
Station SHOR, with about four and a half hours total time required
for erection., It was necessary to inetall aviation obstruction lights
on the mast head, for the atation was on the line of approach to the
landing field, Power was mede available from shore for these lights,
The elevation of the dipcles was computed at 155 feet. A geries of
photographs showing phases in the erection of the mast are shown in
Figs. 22 to 27,

e Recelver at this station was tuned to a frequency of 250 meps,
and the Transmitter checked at 310 me¢ps. The indicated power output
at this, station was about 50 watts average, or a peak per-signal power
of 12 kilowatts. A check was made of the operation of this station
with the Ship with satisfactory results.

THEORETICAL STATICN RANGSE,

The theoretical station rangoa were compuxod from the following

formula:
1.%2 (e + WE; ), where

digtance in statute miles,
elavation of Ground Station antenns in feet;
elevation of Ship antenns in feet.

D
D
G
s
G at station SHGR

G at station RaN
$ at Ship

In thls case: 270 feest
155 feet

80 feet

Therefore, the theoretical ranges of the two stations are

SHOR 36 statute miles
BRAN 31 statute miles.

This formula actually zives values for relatively long lines,
and does not zgive a truw range for short lines., Therefore, 1t was
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expected that the nseful range would be somewhat greater than that
computed. It was interesting to see how much further correct and
useful mileage readings could be obtained.

PHRELIMINARY OPERATION AND CALIBRATION.

Ground Station lag has been standardized at 0,180 statute miles;
therefore, if there were no additional lag in the Ship Equipment,
the vernier satting for correct distance measurement should be 99,820,
Howaver, the lengths of the antenna transmission lines and the interw
connecting cable add an appreciable lag to the Inherent instrument
lag. This value can be computed from a theoretical conslderation of
the cable properties from the formulas

D 2 __ x 1 5 (R
2 0

T+I—i)
H280

+
.65 0.50

sdditional corroction in statute miles,
length of transmission line from dipocle to
Recelver in faet,
longth of transmission line from dipole to
Transmitter in feet,
I = length of interconnccting cable in feet,
i = length of iaterconnecting test cabls.

Where

D
R
T =

In thies installation:

- T

20 - za fery &
&2 R=175 feet.c° I =35 feet. 4
¢/ T =175 feet. .~ 1= "5 feet. 2ero
Trom theee values: D = 0.028 statute miles

And the vernler reading for the ZEIRO CHECE is
99.820 - 0.028 = 99.792.

Several preliminary checks with Station SHOR indicated that
this correction was too much, that is, all distances were short by-
about 0.010 mile, Further, as this adjustment caused the Marker Pip
to be moved a 1ittle too far clockwise for good results, the setting
was made {arbitrarily) at 99.802, The firat series of tests werse
with this setting, and with Station SHOR only in operation, and when
there would be no interference with other field work.




A special plotting sheet was prepared, scale 1:80,000, on which
to plot visual fixes taken simultaneously with SHORAN fixes, This
scale was selected as most satisfactory since most distances to be
measured would be of the order of thirty to fifty miles in length;
and the scale was moat practical for use of the three-arm protractor
in plotting the visual fix, A series of 51 observations were made
on 11 September with distances varying from 12.8 to 33.2 statute miles.
The mean difference between SHORAN and scaled distances was found to
be 0,006; that is, the SH(RAN distances averaged 0,006 miles short
of the scaled distance. Consequently the ZERO CHECK adjustment was
made at 99.808,

A further series of test distances was made on 15 September,
On this day, the observed distances varied from 8.7 to 40.2 statute
miles, The mean difference as calculated from these observations
indicated that 99.808 was too large by about 0.006, that is, the
measured distances were longer by this amount than the scaled dis=
tances. But, as there were many shifts in fixes, not too much weight
has been given this data, and the ZERO SET was adjusted at 99,806 and
the adjustment not changed for the remainder of the operations.

It 13 not to be inferred from the above paragraphs that the plot-
ting of the three point fix is exact, nor is the data from which it
is obtained. Actual tests show that, where the angle between two
objects is about 30° , and the distance from them is about 10 Nautical
miles, that an error of Ol* in the observed angle will displace the
position about 10 meters; and where the distance is about 20 miles,
this shift will be about 25 meters. If this angle is about 120°, the
shift is smaller, being about 4 meters in 12 miles, As a result of
this possible error in a three-point fix position, the differences
above cannot indicate a true error, but can indicate only that the
gettings as prescribed in the manual are not exactly correct. They
may indicate that the Ground Station lag is not as large as theoretical
computations make it; it may be somewhat nearer 0.165 statute miles,
It is also possible that no two Ground Stations will have exactly the
same lag, a fact which is shown to be the case in the test work dome
on 29 September and 5 October 1945.

A source of a small error in Ground Station ZERO ADJUST is in
the fixed and variable delay lines, and in the adjustment of this
ZERC, The lines are made uwp of sections of artificial transmisaion
lines with a computed delay time corresponding to 0,005 statute mile,
It is apparent from the operation of the ZERO ADJUST that there are
specific steps in the ad justment, and that it is only acoidental that
one point should make a perfect coincidence of the two pulses showm
on the 'scope, It is more probable that the position should be aome=
where in between two contacts, and that the combined error in the
fixed and variable delay lines may be as much as + or = 0,005 mile
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{allowing half the error to each delay). Thia cannot be exactly
compensated for in the present equipment, but the fact of the error
ghould be known. To determine what the actual per-section value of
the delay line was, a short test was run with one station in opers~
tion, The ship was secured alongside the pier, so there should be

no change in actual distance. The ZERC ADJUST was properly set at

the Ground Station, and the mileage read at the Ship, The ZERO ADJUST
was moved one polnt $o the right at & time until four settings had '
been made, a mileage reading being taken &t each stting, The ZERO
ADJUST was then properly set, and the mileage re-read:

ZERQ ADJUST DISTANCE
Correct 02,595
1 right (C W) 02,602
3 right 02,609
4 right . 02.614
Correct : 02,595

From this it would appear that each section of the variable
delay line is close to the theoretical value (mean value 0,0048
statute mile). Thus, had a series of readings been taken, and then
it was discovered that the ZERQO ADJUST had not been correctly set,
the proper correction coumld be applied: subitract 0.005 par point if
the ZERO is to the right; add 0.005 per point if the ZEBRO is to the
lefts Or, add if it is necessary t0 turn the switch clockwise; sube
tract. 1f turned counter-clockwise.

PROGRAM OF CPERATICNAL TESTS.

Due to the limited time available for experimentation with the
SHORAN equipment, the following program was laid out with the view of
accomplishing as much as possible with the least waste of time:

&= Run line between RAN=-SHOR keeping on line by visual control.
Pags out of Bay by East Channel, At Buoy 6 set course 958°
" trus and continue easiward as far as practical, when, reverse
course aml repeat back to anchorage. Take SHURAN fix at one
ninute intervals throughout run. Take Viemal fix at five
minute intervals,

b= .Pass out of Bay through West Channel, At point near sea
huoy c/c to 180° true and run to Lat. 52° 34¢, when c/c to
90° true maintaining ship on this course for abeuz 30 nauti-
cal miles, or to limit of reception of signals from Statien
BAN. Then c/c o make line spacing sbout 1 mile, and set
course 270° true to iimit of reception of signals from
Station SHOR, Return to anchorage. '




e= Bun total of six (6) lines on easte-west courses parallel and
similar to (b).

d= Develop the aras between Lat., 52° 34' to 52° 41' north, and
Longe 173° 10* to 178° 21' emst, by lines spaced at about
350 meters, as per standard pra.ctice for the aresa,

e~ Repeat line (a), tmt with SHORAN fixes at 30-second intervals,

Prepare a atandard 42" x 72" boat sheet on best available manila
paper, plotting the two Stations SHCR and RAN only, and ink in
the distance circles at 2 statute-mile spacing from each station
to limit of the sheet, Suitable colors to be used for these arcs,

Uée an CDE3SEY Protractor to plot SHORAN fixes.

Take three-point fixes at not less than 10-minute intervals
whenever posaible,

In these operations & total of 525 statute miles were run,
exclusive of the runs necessary to and from the Bay. Except for the
two lines specified in (a) and (e), soundings were taken using the
808=-AS type Depth Recorder, and all work recorded in a manner suitable
for use in plotting a standard hydrographic survey. The Sheet was
given the number 4245 EXPLORER, with Sounding Record Vols. i, 2, 3,
and 4. The over-all pleture of the operations can be seen in Fig, 32,

RESULTS OF THE EXPERIMENTAL WORK,

The two main objects in making these experimentas were to deterw
mine the suitability of SHORAN in Hydrographic Surveys, and to check
upon the aceuracy and consistency of the observations. The experiw
mental work c¢learly and conclusively demonstirated that SHORAN is a
vory valuable device with which to control this type of survey, The
accurecy of the SHORAN fix and the speed with which it can be obvtained
and ploitted are almost unbelievable, Changes of 1/ 29 in course show
up easily with this control, Positions taken at uniform time inter-
vales show uniform spacing on the sheet, A Position ¢an be plotted
within 15 seconds after the time of "™MARK", and a new course set
without losa of any time, if necesgary, A2 s means 0f comparison
(or cantrast), visual fixes were taken simultaneously with SHCRAN
fixea, It required not less than 30 seconds to get the angles recor—
ded, and an additional 30 to 45 seconds t0 plot the fix with the
standard protractor, or between 4 to & time- a3 much time az required

to plot a SHORAN fix,
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Since the velocity of the electromagnetic wave in space is con-
stant within the limits set forth in the section on "HOW SHORAN WORKS®,
there 1s no need to make any ad justment to measured distances as was
always found to be necessary in Radio Acoustic Ranging (B.A.R.).
Further, the radio path is well defined over the relatively short
distances measured, and is not subject to reflsctions within the use-
ful distances; whereas, the path of sound in sca=water was little
understood, though there were many theories on the effects of reflec~-
tions from the surface and bottom, and the distortions caused by
intervening shoals, Once the Instrumental ZERO had been detsrmined,
it iz only necessary to correct for the deviation from this .setting
(which is usually amall and most of the time, not plottable).

It is fairly concluaively shown that the Ground Station lag is
gomewhat smaller than the theoretical value of 0,180 statute mile,
and that it is not necessarily the same for all Ground Station equip=
ments. An exact value for each station has not been determined, btut
a very close approximation to the correct values are:

SHOR sesessensece 04163 statute miles;
RAK sssresnensee 0014‘9 Sﬁat‘ute milBB;

and, as a consequence, the two ZERO SBTTINGS on the Ship equipment
should be:

SHOR seesesccacss 99,808,
ﬁm [ R B R RN ERE LR N ] 99.822.

Further, it was discovered that the ZERO SET did not remain constant
throughout a long period of operation, and that it was necessary to
record the value of the ZERO CHECK as determined at frequent intervals
in order to compensate for this drift., This was found to vary as much
as 0,013 statute miles during an eight-hour peried of cperation; and
that there was no apparent predictable rate of change. The curves of
the six days' operations showing the ZERO drift are given In Figs.

30 and 31. A straight line conmection of points would probably glve
a good approximation to this correction., In mobt cases 1t is very -
small, and, of course, can bs neglected while plotting the boat sheet.
This mazimum deviation of 0,013 statute mile is about 20 meters.

The values for the ZERO SETS were determined from the three
runs on the line between SHCR and RAN. "The computed distance (by
triangulation inverse} was found to be 66,600 meters, or 41,382
statute miles, The mean sum of 299 obaservations gives this distance
a3 41,364 statute miles, A comparison with visual fixes indicated
that the correction to all readings should be avout as followss

SEOR cecevvssncse +0.002 statute mileﬂ,
BAN senesveonnse +0,016 atatute milﬂﬂ.




It 1s assumed in these computations that the distance between SHCR-
RAN is exactly 41.382 statute miles, which would require perfect
triangulation. Further, the two positions are based on several
schemes of second order triangulation covering several groups of
islands, which have not been adjusted %0 a common base. Therefore,
there may be an error of as much as 0,004 statute miles in this com=
puted base even with the aljusted neswork. This argument holds as
well with all the visual fixes taken simultaneously with the SHORAN
fixes, and the differences between the SHORAN distances and these
scaled from the plotting sheet are to be taken with some caution,
Therefore, these differences can only indicate that there is actually
some difference between theoretical and actual lag values, and no%
that the actual difference has been determined. These values are
probably within a few thousandths of a statute mile of the correct
value, and would be highly accurate for hydrographic survey control.
This will be corroborated by experience which indicated that the posi-
tions can be plotted about as followss

Scale of sheets 1380,000 to nearest 0.0l statute mile (16 meters);
Scale of sheet: 1:40,000 to nearest 0,005 statute mile (8 meters).

In determining the valuss for the distance differences, the three=
point fixes were plotted as carefully as possible, then the distances
to the twe Ground Stations scaled off, These calues were then compared
with the distances measured by SHORAN, A fix was rejected (in the com=
parisons) if the difference to even one station was excessive (say 100
meters),

The per-station 'error' is substantiated by the simultaneous fixes
taken during the runs of lines (b), (¢), and (d), but the values deter—
mined must be considered only a verification that this difference exists,
and must also be considered in the light of a probable large error due
to the three=point fix itself, since the observed angles can be assumed
to be correct to + or = 01', and that signal position is not known with-
in the tolerance of second (or even third) order triangulation,

A summary of these distance differences is given in the following
table:

Number of Mean ZERO SET Table
Date Comparisons Differences 99.806 Humber
29 Sept. 177 SHOR + 0,002 I&I=A

RAR + 0,016

1 Octe. 36 SHOR + 0.006 III
RAN + 0,002

2 Octe 53 SHOR + 0,011 Iv
BAR - 0.001

S Octe 57 *SHOR =~ 0.008 A
*RAN + 0,017
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Date Humber of Mean -~ ZERO SET Table
Canparisons Differences 99.806 Number

5 Oct, 122 SHOR  +0.002 I
RAN +0.016

* The values determined on this day are considered almost as good as
those -of 29 Sept, and 5§ Oct., as the signals for the fixes were the
same throughout the daye. There were oo many changes in the fixes of
the other days to attach very much weight to those valusa,

MAXTMUM DISTANCES OBTAINED,

The value of SHORAN would be very great indeed if the useful range
of the equipment were sufficiently large for a moderate elevation of
the Ground Stations. It was hoped that the Ground Stations could be
established on relatively high ground so that the elevation of the top
of the Mast would be at about 500 feet, when the theoretical distance
would be about 43 statute miles, As conditions did not permit the
desired alevation, the best sites available were used. As indicated
in a previous paragraph the stations were established at a considerable
lower elevation, The runs t¢ determine the maximum useful range were
made with the following results:

Date Station Theoretical Practical . Exceas over
Max, Distance Max, Diatance Theoretical \

2 Oct, SHOR . 36 Statute Miles 47.335 Statute Miles 11,3 Statute Miles

5 Oct, RAN 31 Statute Miles 46,953 Statute Miles 15,9 Statute Miles

- Slgnala were excellent up to these diatances, after which there was a

very rapid decrease In signal strength, and within a mile, there was -
not enough to give an indication even with maximum gain, This large
excess over that computed by formula is due largely %o the much greater
refractive effects at low altitudes and to'a lesser degrse by the great
aignal sirength within the range wsed. It wonld appear that & safe
formula for the computation of theoretical range with moderate eleva-
tion would bes

D=2.0 ({6+YS ), where G will not exceed 500 feet.

The fact that the signals from Station BRAN were received at
elmost the same distance as those from SHCOR which was at an elevation
some 120 feet greater, mey be accounted for by the fact that a much
more experienced Technician wag detailed to assist the assigned opera=-
tor at this Station and observe the actupl working conditions, and




make such adjustments as seemed necesasary. The atation was therefore
kept at optimum operating condition at all times, with receiver tuning
checked freguently (and gain set) to assure proper reception of the
ship's slgnals,

The MINIMWM distances measured were obtained when passing near
Station RAK by Weat Pass, These varied from 1,010 to 1,005 statute
miles, with gain at Zero to prevent over-gaturation. In general, such
short distances will not ve used, dut if they are, they will have to
be corrected to sea~level distances as explained elsewhere, (This
correction will not be much greater than 0,005 in the most extreme
case, however. )

The Sketch shown in Fig. 32 will give a general idea of the work
done during these experiments, The c¢ircled positions refer to those
listed in the various tables, and are those for which there is a '
simul §aneous SHORAN and visual fix, The other positions are those
which wore used for the hydrographic survey control, and are connected
by means of the colored lines. As this sketch is for illustrative
' purposes only, distances cannot be scaled from ite The sketch was
made from US C4GS Chart 8865, with a scale modification t0 about
1!160 000,

CASUALTIES.

Only one major casualty 40 the equipment ccoured during the total
operating time (nearly seven days), during which the Ground Stations
were operating nearly 9 hours a day. After about three hours operation
of Station BRAN on 1 October, the Operator advised the Ship that he had
$0 shut down as amoke was coming from the Monitor Unit, and that there
was no trace cn the Cathode Bay tube. The fault was isolated to the
Receiver Unit, where later examination showed that one of the coupling
condensers in en IF {ransaformer had shorted, cauwsing all the filier
resistors in the plate supply %o burn out. This heavy load on the
power supply tubes (2=-5R4GY'm) had been too great, and had burned them
out as well, Heplacement parts were "borrowed" from the spare Ship
equipment and placed in the Ground Station Unit, after which a test
run proved no octher damage had been done,

It was noticed that there was considerable interference at Statlon
BAN from some other RADAR equipment in the vicinity, and that the
Recelver would block freguently from these pulses. There wers no
seriocusly uwnsatisfactory results from this blocking, and the station
was operated three days on the original freguency. Checks showed that
the RADAR frequency was about 246 mops, s0 it was decided %0 shift the
Station receiving frequency up about 5 meps to 255 meps, and this was
dons in the evening of 2 October, While blocking still continued, the
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effect was much diminished, Thia frequency was maintained during
the balance of the tests. In changing the Ground Station Recelver
frequency, 1t was alao necessary to change the high frequency in the
Ship Transmitter to correspond: this is about the upper limit in
this setiing.

The Power Units {PU=4) zave very little trouble during the time
of operations, There were suchmminor casuslties as: forgetting to
turn on the gasoline supply line valve; and flooding of the engine by
fallure of the special pressure valve in the supply line. No actual
stoppage of operations was caused by any power unit fallure, However,
& man who really understands two=cycle engines is really necessary at
one of these Ground Stations,

A3 there 13 an excess of 24-volt d.o. power, this was utilized
t0 charge batteries for the Radio 'Phone. In one instance, the bat-
teries were left connected o the generator when it was shut down, with
the result that the dece polarity of the generator was reversed, and
the hatteries dead., This reverassl of polarity was remedied dy flashing
the field in the correct polarity with & new set of batteries.

GROUKD STATION PERSONNEL AND OPERATION. |

For the purposes of these experiments, the minimun of personnel
was agsgigned to each of the Ground Stations: a Junlor Radio Tech-
nician, and a Seaman, a.b., as aszsistant. Thlg is the absolute mini-
mum for station operation of sabout 8 honrs a day. Where it iz con=
templated that operations will extend over longer periods, additional
men must be available, as there is a large amount of routine checking

%o be done to keep the station in correct operating condition. In

the installations where this equipment has bsen used by the ARMY, it
has been the practice to have an Officer in charge, with three tech=
nicians, three assistanta, and three or four men as Guaris. This

large group 1s not essential from the operating point of view: guards
will not be required in the areas where surveys will be conducted;

nor will it be necessary to detail an Officer to a Station., The
Station complement should consist of {a) a Radio Technician, in charge;
{(b) a Badio man; and {c} at least two seamen as general assistants,

1f continnons operation of the Ground Statlion is contemplated.

Ground Station equipment must be started about 30 minutes before
control operations are scheduled to bvegin, during which time the vare
jows funcitions must be checked frequently %o assure proper operation.
The routine checks as outlined in the Operators Manual should he
followed implicitly at intervals no greater than one hour, and prefer-
ably at intervals of 30 minutes. Each series of checks requires about
&5 minutes, and will not greatly interfere with operations from the
Ship, The ZERO ADJUST is the most important, and 1f no otker check




is made, this one MUST be made frequently, and any great adjustment
(say 2 points or more) reported immediately.

It 18 desirable to have the ZERO ADJUST checked at a specified
time, for it is during this check that the Ship Unit can be properly
CALIBRATED, Both stations can be on MONITOR-OFERATE at the same
time, and a 5-minute period is sufficient to make the CALIBRATION
ADJUSTMENT on the Ship equipment. Naturally, it is not generally
possible to Calibrate to BOTH stations simultaneously, for the cry-
stals will not necessarily be exactly alike: 93,109 kcs, It will be
noticed that one pip will move slowly while the other is stationary.
Ordinarily, this rotation speed will be not faster than about 2 or 3
revolutions per minute, and, in general, there will be a 13:100,000
check between the two stations. This check cannot be made before a
20= to 30-minute warm=-up period of both Ground Station and Ship equip=
ments.

The antenna reflector system confines the transmitted return
pulses to a beam width of very nearly 80° The effect is very pro-
nounced as the side of the beam is approached, for the received signal
becomes flickery and fuzzy, and it is hard t0 align the pulses with
the Marker Pulse., A similar effect is observed at the Ground Station,
for the received pulse (shown when the Function switch is in *Operate’
position), The effect is not so noticeable when the ship is within
20 to 30 miles of the Ground Station, but at greater distances, the
antenns must be trained so that it points in the general direction
of the Ship. In order to facilitate this operation, several orien=-
tation points were located at each station when it was set up, and
stakes driven to which to orient the antennsa array. These were
numbered 1, 2, and 3 (and so on) for identification. As various areas
were passad Through | by the ship, the operator at the Ground Station
affected was requested to swing the antenna to the desired positions.
The operator can, and should, make such adjustments without the advice
from the ship if, by observing the signals on his 'scope, there is an
indication that the ship is passing out of the beam,

The Ground Station equipment must be operated for at least 30
minutes per day to keep it in optimum working condition, This will
generate enough heat in the equipment to keep it dry; it will often
permit the discovery of a fault at a time when there is an opportunity
to correct ite All controls should be turned slightly to prevent
*freezing' in one position, and all adjustments should be made as
though the station was to be in operation a2ll day. The routine checks
t0 the various blowers and other mechanical parts should be done as
specified in the Mamual. In general, the accumulation of dust in
these areas is very amsll, but it should be guarded against.
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The Power Units (PU=-4), which are high apeed 2-oycle gasoline
engine drive generators, require a cerialn amount of attention 4o
keep them ready for use at a minute's notice, The precautions relative
to the quality of gasoline, lubricating oill, and even straining the
gasoline must be followed or unnecessary delays will result, A man
with experlence with omi~board motors is qualified to take care of
these unita, As there are two generators at each equipment, they
should be used alternately as much as praciticable,

It 1s desirable to keep & log at each Station, giving the Serial
Numbvers of each plece of equipment. This log should note the times of
starting and stopping the equipment; what adjustments, other than
routine, are necessary; the amount of gasoline used, and sc on, It
- must be kept up-to-date at all times,

There 13 sufficient a.c. power avallable t¢ provide about 150
watts of lighting, and d.c. power at 26-volts to keep storage batiterises
for communication equipment charged. If such a charging circult ls
used, the batteries must be connectéd - -to the generator through suit-
able awltches or relays so that the battery is connected in only when

the generator is rumning. The relay will take care of this auntomatically,

but a switoh muet be opened before the generator iz atopped, and closed
after the generator is started,

These Units are quite economical in the consumption of gasoline,
This iz an important factor in use of the equipment, for it is necessary
t0 havl (or backe=pack) all the gasoline to the station. It was found
that, during these tests, about 3 quarts per hour was the average con=
sumption at full loads Of course, this quantity will vary somewhat
with the installation and operator. It would be safe t0 allow one gale
lon per hour of operation when setting up the statlon, and that quantity
taken to the station when it is established, for the best transportation
and conditions will probably obtain at that time,

SHIP STATION AND PERSONNEL AND OPERATION.

The personnel set-up in the Ship during these runs was ag follows:

1= The Officer in Charge,

2= The Officer on Wateh,

S~ The (fficer SHOAAN Observer,

4~ An Officer to take angles with No. 1, or Ho, 2,
6= The Recorder ’

6= The Fathometer Reader,

The Quartermaster, and

The Helmsman.

Ty

The three Officers alternated duties at frequent intervals,
ugually hourly, so0 that all might have some experience at both SHORAN
Observing, and SHORAN navigation, The SHORAN observing is not a labore
ious duty, but is somewhat fatiguing due to the necessity to watch the




moving pulses and keep that nearly aligned at all times so as to
be ready for a fix when called for.

The Recorder and the Fathometer Reader alternated duty at about
the same frequency.

The Ship equipment must (or should be) started wp same 20 to 30
minutes bvefore work is to begin. This actual warm=up period is not se
éritical on the Ship as at the Ground Station, for the Ship equipment
is Synchronized with the Growund Station, and this can be done frequently
if it is necessary to shorten the warm=up periocd. During the warm=
up period, the ZERO CHECK can be made; also a preliminary check can be
made with the CAL ADJ., Since the accuracy of the timing of the Indica=
tor depends upon the correct functioning of the 93,109 kces., orystal,
proper CAL ADJ cannot be made until & stable temperature has been
reached = or in about 20 minutes, There will be a noticeable drift
to this crystal frequency at first, but there will be little or no
change after the warm=up period.

In these operations, the ZERO CHECK was set (Sept. 30) so that
both verniers read 99,806, and this setting was not changed for the
duration of the tests, so that there would be a common reference for
all obsarvations. It was noticed that this setting did not remain con-
stant for any great length of time; and, as a consequence, a ZERO CHECK
was recorded at intervals of about an hour. It was then possible to
make corrections to all recorded distances t0 reduce them to a common
ZERO, The high frequency station (RAN) ZERO varied more than did the
low frequency station (SHOR):

SHOR 99,805 to 99.814 correction +0,001 to =0,008
RAN 99,793 to 99.807 correction +0,013 to =0,001

%hile running lines (&) and (e), distances from the two Ground
Stations were recorded at 60=second and 30-second intervals respectively,
While making the experimental hydrographic survey, positions were recor-
ded at 3=minute intervals, with an occasional odd interval as necessary
to change course., An interval=-timer (Stromberg-Carlson type) was used
to indicate the time for positions and soundings.

At about 30 seconds pefore the time of a position, the Recorded
called: "On the next,”™ when the SHORAN operator made a preliminary
setting of the verniers, At 10 seconds before the position, the
Recorder called: "Ten Seconds," and the Operator began tracking the
received pulses with the Marker, On signal from the interval=-timer,
the motion to the verniers was stopped, and the Operator called out
the distances.

Example:

Forty-one two eight seven (recorded ae 09.276)
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Trials were made 0 place the Ship on a required line by SHORAN-
cooerdinates alone, with good success, considering that the exact transe
fer diatances of the ship were not too well known. Turns were made
with various degree of rudder angle from which a general 1dea of the
transfer distancea was given. A further study of this would be of
great value when sotuzl work is undertaken.

In order to place the Ship in a desired position to start a line,
the SHORAN coordinates of the point were given the Observer, who then
gave such directlons as necessary to bring the Ship as near that point
az pessidle. The process is simplest when going to or away from one
station, and. on a distance arc from the other one. With the transfer
distance of the ship known, the Ship can be placed within & very small
error of the deaired position,

4 sounding line was run along the bisector of the base lins be~
tween the two atations on the 6th of October., The lins started on the
base line avout 9 miles from RAN, course 98° true, The transfer dis=
tance was assumed to be 0.120 miles, and the turn started at a point
near the center of the base _1_15 ) - 0.120 = 20.562.

The turn was a little wide, and the effect of the current not suffi-
ciently allowed for, so the firast four or five positions were not on

‘the line, However, aince the sum of the two diatances on the first

position ahould nearly equal the length of the base as this position
was only 0,10 mile off the base, the position was well esztablished, and

" a suitable course change made. As plotting is difficult near the base

line, positions cannot be plotted at once, but after aboit 10 minutes'
run, the arc intersection becomes good enocugh to plot quite easily,
and then it 1is easy to back-plot the other positions. (In general,
this process was not successful in R.A.R,, for seldom did the swm dis=~
tances on the base line check that length: They were toe¢ long or too
short by an appreciable amount, varying from day to day.] SHORAN
positiong taken at unifomn time intervals assist materially in tho
areas of very large or small angle of ars intersecotions,.

For the greatsr part of the work dome in these tests, the are
intersection varied from about 85° minimum to the southward of each -
Ground Station to about 120° maximum in the central portion of the
ares coveread = not including the portion very near the base line, As
brought out in another place, good fixes are obitainable wherse the arc
interseotion angle lay between 300 and 150°. As a general thing, this
ideal is quite easily attained, except in the cases where the area to

. be covered crossesa the base lins_betwaen the two stations.

In running the line between the two Ground Stations, it was ob=~
served that the sum distances varied somewhat about a mean valuwe, %the

‘variation not being too well defined. It must he remembered that there

is no perfect pilece of equipment, and that & amall error in the line
earity of the Goniometers will cause variations in measured distances
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depending upon the particular portion of the Goniometer coming into
use at that time. A 49 error in linearity will cause an error in
distance of about 0.010 mile. It is quite possible that the struct-
ural inacouracies of the Goniometers may be as large as 2 degrees,
This can be checked only by laboratory devised methoda, and is not
easily done in the field,.

SELECTION OF SITES FOR GROUND STATIONS,

The looation of the Ground Stations is of great importance where
adequate control for Hydrographic Surveys is concerned. Sites should
be selected which will: .

1= afford an uncbatructed "view™ of the entire area to be covered;

2= be, 1f possivle, within radio line-of-sight of each other for
this will permit frequent checks on the over-all operational
acouracy;

3= be accessible without undue difficulty in any weather; and

4~ afford a means of extending the control beyond that already
existing,

_ The greater the elevation of the site selected, the greater will

be the range; bdbut the econamy of establiishing a station at greater
elevations than 500 feet is doubtful, when it is considered that the
gain in dlstance is relatively small, and that the labor involved is
much greater. With the useful range of 45 to 50 miles which is proven
possible with elevations of ghout 300 feet, it appears that this ele-
vation, or possibly 500 feet, might be the economical practical maxi=-
mun elevation at which to establish & Station. It will be necessary
t0 service a Ground Station sometimes when the weather i1s bad, and so,
good access to the station is imperative, A site of suitable elevation,
diffioult to build on, which is easily accessible in mozt any weather
will prove more useful than one where building is easy, but accessi-
bility poor.

The best control of a given area where it is desired to go mas-far
off-shore as possible, will be found whore the Ground Stations are
roughly 7/10 the range of the equipments apart. This is illustrated
in the Sketch in Fig, 28, which umes the positions of SHOR and BAN
as in the tests. Here the distance is about 41 miles - about 8/10
of the range., It éan be seen that the coverage (by adequate control)
is some 25 miles directly south of each Station, dut that this area
is limited by the range of the equipments, This coverage would be
suitable where only two stations can be wused =~ or where it 1s necessary
to cover as much ares as possible with the fewsst stations,

In the Sketch in Fig, 29, the same over-all ranges are used,

but Station SHOR has bheen assumed to be moved ¢to position of Station
NIZ, with a base line of about 32 miles, about 7/10 the range, Here,
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it is seen - shown by the red shading = that the area covered is apprec-
iably larger, this difference being about 150 square miles. The area
does hot extend much further off shore, but does extend over a longer
ghore-1line., Stations at intervals of about 35 to 40 miles will probably
glve the most economical and adequate control., Of course, the actual
"lay of the land" will determine the selection of the Stations sites,
but the lengths of bases should be kept near these limits if possible,

MODIFICATIONS PO FRESENT INSTALLATIONS.

There is only one modification to the present installation in
this Ship required at this time to make a more nearly perfectly opera-
ting equipment. The ship antenns system will have t0 be revised te
assure best results on all headings of the ship. Considering that the
present installation of the antenna base was somewhat make-shift, the
results were very good. Materizl was not available at the time of
installation to give sufficient spread between the transmitting and
receliving dipoles; and the various appurtenances of the mast and RADAR
acted as shields between the particular dipole and the Ground Station,
thus cutting off all signals on certain headings. This effect was
particularly noticeable on a north or south heading in the area to the
southward of Station RAN, where the distances from SHOR were of the
order of 40 miles. This will account for the fact that the courses
were shaped 20 as to0 obtain signa:s from both stations in this areas
that is, the course desired was 180° true, but it was necessary to steer
190° true to get a fix, Similarly, instead of steering 000°, it was
necessary to set the course as 3500 or 030° true. This 40° accounts
for the coverage by the mast stays and the RADAR cage. An out-rigger
type of antenna support has been devised which will permit swinging the
antenna 80 as to clear these obstructions regardless of the heading the
ship may be on,

The ground Station installationa are very satisfactory. While the
antenns mast showed itself well designed and stayed, there was same
cause for uneasiness during the heavy winds which often occur in this
area. A maximum wind velocity of about 65 miles per hour was felt
several times (at SHOR), It is considered advisable to make an addit-
ional set of top~stays, with a greater spread at the base, since there
iz a weight of about 90 pounds concentrated in the antenna base and
reflectors = at the mast head, The present stays are anchored at a
distance of 20 feet from the base; the additional set should have a
spread of 30 to 35 feet to give greater stability to the mast,.

DISMANTLING THE GROUND STATIONS.

&
The Ground Stations were dismantled immediately on the conclusion

of the field tests. Station RAN was dismantled during a heavy gale

and & driving rain, in about 5 hours total time, including transporting
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the equipment to the Ship. The atrong wind made i{ a little diffieudlt
t0 lower the mast, but this was accomplished between gusts, and withe
out Incident,

Good weather prevailed during the dismantling of Station SHOR,
and the entire work was accomplished in about eight hours. The longer
time waa required by the necessity of tramsporting equipment to the
beach, thence by boat, to the Ship.

THE PLOTTING SHEET.

The survey conducted with SHORAN control was plotted on e shHandard sized-

42" x 72"~ boat sheet on a scele of 1:40,000. Only the two Ground
Settions SHOR and RAN were plotted on the sheet. Circuler arcs of dis-
tance were scribed from esch station, the interval between srcs being
two (2) miles = 3218,70 meters.

For detelled hydrographic surveys, this scale is large enocugh for
the ususel close develcpement desired. The area covered by a sheet of
this size is sbout 45 miles in length and about 32 mlles in width. In
order to use SHORAN control to its limit, the off=-shore surveys can be
accomplished on a smaller scale- 1:80,000.

The boat sheet should be laid out so that the Ground Stations will
be close to one of the sides of the sheet. As soon as the Stations are
plotted, the distance arcs should be drawn ifi in appropriate colors, to
cover the entire area. The practical spacing of these ercs will be 2
mileé in most cases, but other specing cen be used. These arcs should
be drawn in as soon as possible after the Stations heve been plotten
so that any distortion developing in the paper will be compensated for
while the sheet is being prepared.

Large scale sections of plotting sheets can be prepared and sgeribe-
ed with appropriate distence arcs without the necessity of having the
gstations on the sheet in & menmer similar to that used for far- off-
shore shects for three-point fixes. The difference is that the arcs
represent constant distances from the Stetions on the one sheet, while
they are arcs of constant angle betwsen two stations on the other.

The ODESSEY Protractor is the most convenient "tool" to use in .
plotting the SHORAN fix. This Protractor is made of a plece of trans=-
parent plastic sbout 1/16" thick, and sbout 9" square for a 1:40,000
scale, and sbout 6" square for s 1:80,000 scale. Circles of l-mile
and 2~mile radius are scribed in heavy lines on the plastic from a
common center. The spmces betwesn these circles are then subdivided
into tenths (0.1) miles with lighter lines. A small hole to accomo-
date a needle point is then drilled at the center.

Thus, the intervals between the 2-mile arcs on the sheet can be
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subdivided directly into 0.1 miles, and by estimation, into 0.001
miles, by a process of selecting the desired division, placing that
interval on the protractor tangent to the appropriate circular arc
on the sheet, and pricking through the Protractor center. A pair
of distances from the two Ground Stations can be plotted almost si-
multaneously with a little experience.

SUMMARY «

SHORAN is an ideal system for the control of hydrographic sur-
veys. Socme of its advantages may be summarized briefly as follows:

I-=- The potential accuracy of this system is such that any
distance can be measured with & probeble error less than 5 meters,
regardless of the length of the line. Positions as determined by
the intersections of two simultaneous distence arcs will have an ac=
curacy better than 15 meters in the area where the angle of intersec-
tion is greater than 30° and less then 150°. SHORAN Ground Stetions
cen be located accurately by triangulation. Two or three such Sta-
tions will control a large area, and the survey will be completely
homogeneous within itself.

The accuracy of the three-point fix obtained by sextent angles
is dependent upon the relative size of the angles and the distance
from the signals. Assuming the possibility of only 01' error in
an angle (or both angles), the position error will be sbout 10 meters
at ten miles when both angles are near 30°; end it will be ebout 25
miles at a distance of 20 miles with similer angles. This error be-
comes less as the angles are laréer: an error of about 4 meters will
exist when the angles become 120" and the distance about 12 miles.
Smaller angles than 30° are ofter necessary in survey work only 10
miles off=-ghore. Further, another great source of error in the three-
point fix is the indefiniteness of the signals, and the difficulty
of seeing them as the distance is inoreased.

The range of the system is such as to permit very accurate suwe-
veys in areas as far off-shore as 40 to 50 miles depending upon the
gselection of the sites for the Ground Stations. With three Stations
more or less on e straight line, and separeted by 35 to 40 miles,
the area under good control will be about 100 miles in length elong
the axis (base lines) and at least 45 miles in width on one side of
the base. If the Ground Stations are strategically located, this
area may extend about 45 miles on eech side of the axis.

The repidity at which SHORAN fixes can be ocbtained and plofted-
practically precludes the use of other methods of control. A SHORAN
fix can be ocbtained and plotted within 15 seconds, and fixes can be

L ]
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taken at intervals as small as 30 seconds without difficulty. In
contrast, a sextent fix requites sbout 15 or 20 seconds to call out
and have the angles recorded; almost the same time to lay them off
on the protractor; then, a varying time wp to 30 seconds to plot the
fix.

With this possibility of frequent fixes, the areas where the
fixes are indeterminabe (arc intersection angles grester than sbout
150°, near the base line) can be accurately controlled if the time
interval between the fixes is held constant. '

The amiiabili_'by of the SHORAN fix st any instant permits the
close development of any critical areas as far off shore as the range
of the equipment with sn accuracy greater than any method now in use.

I~~~ The velocity of radlo waves through fres space is almost
congtant under any conditions likely to be met with in hydrographic
surveys. Thus, the sum of The two SHORAN disgbances measured ON the
base line will always equal the length of the base; thersefors, this
gystom can he used asg a meang of extending control in advance of tri-
angulation- or to supplement triangulation by measuring long lines.

This constancy of the velocity of radio waves precludes the ne-
cessity of leborious computations .of corrections which are necessary
with the R. Ae R. method of control, in which the characteristics a
of the water- salinity, temperature, depth, and so on, offect mater- -
ially the velocity of the sound wave through it. PFurther, for the
short distances used, the radio wave can be consldered as without any
rellections whatsoever. This certainly cammot be said of the sound
wave in water, ‘

The effectiveness of the equipment is not at all impaired by
woather conditions. It will operate as efficiently in rain or fog
or darkness as it will in fine weather. The effects of static are
negligible, if noticesble. - Man-made stabtic or interference has no
detrimental effects on the operation of the system.

III-~ A Ground Station equipment may be insgtalled in a ship,
and that ship act as a Station. This would be advantegeous in car=-
rying control into an arsa where the land control has been reduced
to one Station, as, for example, at Cape Wrangell on the western end
of Attu Island.

IV-= The selection of gsuiteble Ground Stetion sites is of
greatest. importance to the effectiveness of the operation of the sys-
tem. The time required to install the Ground Station is relatively
long, and will depend largely upon the olavation of the station and
the transportation available. Extra time spent in the originael in-
stallation will be worth while in the long run, for the station MUST
operate satisfactorily, and will probebly be in use for several months.
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- Bquipment
name

Transmitter
T=11/APN=3

Indicator
ID-17/APN-3

Transmitter
7-12/CPN=2

Monitor
ID=17/CPN-2

Antennas and
Transmission
Lines
Antenna Base
Refloectors
Mast

Mast Accessories

Poweor Units
PU=-4/CPN~2

Power unit
_Aoccsssories

Height -

inoheg

.20 1/2

14 1/2
40 1/2

21 1/2

21 1/2

36

17

TABLE OF SIZES AND WEIGHTS

Width
inches

19 3/4
17 5/8
25 1/a
25 1/4
25 1/a
150

50

144

35

Depth
inches

22 /2 \

24 1/4
20

20

20

20

21

Welght
pounds

106
77
209

98

60
BO
20
90
255

140

64

Remarks

Racelver
R=15/APN~3
included in
Indisator

Reogiver
Re15/APN=3
included in
Monitor

Mast telescopes
into 2 seotions
with 1/2 boom

in each section

2 Uﬁits per sel

2 units per set



A GOOD hut is necessary to house the equipment and as quarters for
the personnel required to men the Station.

The Station persomnel must be adequate to operate the station
under the longest contimuous periods considered. This personnel
should consgist of the following:

A Junior Radio Technician, in Charge, and
Three or four Seamen.

One of the Seames should be & man interested in readio so that he can
assist the Technician and relieve himy ome Seaman should e versed in
the operation of a 2=cycle gasoline engine, for the heart of the Ground
Stetion is this engine which drives the gemerator. The fourth man

cen take care of the general camp requirements.

V-= The use of SHORAN will permit the best utilization of wea-
ther in combined operations. Weather that is most suitable for tri-
angulation van be used for that work; topography and launch hydro-
graphy can be prosecuted at this time under the most favorable con-
ditions. During periods ‘of fog or rain, off-shore ship hydrography
with SHORAN control can be prosecuted to advantage. This will thus
obviate the necessity of using good triangulation and inshore work
weather for surveying in areas which would formerly require the
same good weather for the visual fixes.

VI-= There are certain routine ocbservations which must be made
to insure proper operation of the SHORAN equipment:

A= In the Ship Equipment:

a- Make and record frequent ZERO CHECKS so that the
shift in the ZERO SET can be lmown at all times;

’ b= Make a CAL ADJUST at least once an hour;.
c= Check Transmitter frequencies at least once a week.
B- In the Ground Station Equipment:

a~ Make routine operational checks at least once
an hour;

o
]

Operate equipment on Monitor-Operate position
for period to coincide with A-b above;

Keep Ship informed of changes in ZERO ADJ settings.

Q
]



C- All equipment- both Ship and Ground Station- must be
operated a short p eriod daily to insure that it is
in good condition and to minimize delays.

VII-- Certain casualties are inevitable. Equipment will be
rendered useless by faulty elements, short circuits, burned-out
vacuum tubes, and so on. To guard against delays of this sort, each
plece of equipment should be in duplicate so that a minimm of time
will be required to put a station back on the air if one set has
failed. It will not alweys be possible to land at a Station to mske
hurry-up repairs: the stand=by equipment will reduce loss of survey
time to a minimum. Further, the actual length of time over which a
specific equipment will operate continuously is not well known. Per=-
iods of 9 hours have been successful; and it is possible that longer
than this is practical. However, with two equipments, it will be
possible to alternate equipments in & manner similar to the generator
units.

Respectfully submitted

Clarence A. Burmister
Livutenant Commender
USC&GS

Approved:

/gé,‘/ I St
Roland D. Horne

Commender, USC & GS3
Commanding Ship EXPLORER.
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PMOD
PMT
PSC
PSP
P3
QBO
RITS
RSD
SAGA
SAGE
SASP
SBUV
sSCs
SEAREX
SEASPAN
SERI
SEY
S10
SMO
SOI
SOLRAD
SPO
SRF
SRM
SSL
SST
TECO
TEM
TOGA
TOMS
TSI
TSL
TSP
ucCl
UPS
URAS
URI
USDA
USGS
uT
uv
UvB
WHOI
WOCE
WMO
WPL

Physikalisch-Meteorologisches Observatorium Davos (World Radiation Center)
photomultipier tube

Polar stratospheric cloud

precision sunphotometer

Portable Pressurizer Pack (air sampler)
quasi-biennial oscillation

Radiatively Important Trace Species

residual standard deviation

Soviet-American Gas and Aerosol Experiment
Stratospheric Aerosol and Gas Experiment
Surface Air Sampling Program

solar backscattered ultraviolet (satellite ozone instrument)
Soil Conservation Service, Anchorage, Alaska
Sea-Air Exchange Experiment

SEAREX South Pacific Aerosol Network
Solar Energy Research Institute

Mahé [sland, Seychelles

Scripps Institution of Oceanography

Samoa Observatory, American Samoa (CMDL)
Southern Oscillation Index

Solar Radiation

South Pole Observatory, Antarctica (CMDL)
speciral response function

standard reference material

slightly stable layer

sea-surface temperature

Thermal Electron Company

transmission electron microscope

Tropical Ocean Global Atmosphere

Total Ozone Mapping Spectrometer

Thermo Systems Incorporated

Technical Services Laboratory

total suspended particulate

University of California, Irvine
uninteruptable power supply

[a commercial CO, analyzer]

University of Rhode Island

United States Department of Agriculture
United States Geological Survey

universal time

ultraviolet

ultraviolet B spectral band

Woods Hole Oceanographic Institute

World Ocean Circulation Experiment

World Meteorological Organization

Wave Propagation Laboratory, Boulder, Colorado (ERL)

*U.8. GOVERNMENT PRINTING OFFICE: 1993-774-025/69048
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TABLE A COMPUTATION OF STATION ERROR FOR STATION "SHOR"

ZERQ SET 99.802 1l September 1945
POSITION SHORAN DISTANCE SCALED POSITION SHORAN DISTANCE SCALED
Statute Meters Meters Statute Meters Meters
Miles (3) (4) (4 - B) Miles (3) (4) (4 - 3)
il 30,5838 49122 49169 + 47 26 17.868 28753 28708 - 45
2 28,716 46214 46217 + 3 27 16.652 26799 267728 - 27
3 27 . 144 43684 43634 - 50 28 15,550 25025 25058 + 27
4 26,175 42125 42128 + 3 29 14.402 23179 23138 - 47
5 20,543 41108 40985 - 23 30 12,972 20876 20848 - 28
6 24,640 29654 39668 + 14 Sl leLsl 20569 20608 + 39
7 23.749 38293 382284 - 69 32 12.866 20706 20716 + 10
8 23,023 37052 37068 + 16 33 13.046 20996 21028 + 32
9 22 ..850 35808 35826 + 18 o, 13.352 21488 21496 + 8
10 21.562 34701 34708 + 7 35 13,758 22104 22116 + 12
11 20.909 33650 33640 - 10 36 14,255 22941 22944 ¥ 3
12 20.276 32631 32640 + 9 37 14,742 23785 23744 + 19
13 19.672 31659 31704 + 45 38 15.334 24678 24704 + 26
14 19.136 30796 30844 + 48 39 16.128 25956 25948 - B
15 18.545 29845 29860 + 15 40 16,746 26950 26988 + 38
16 18.144 29200 29216 + 16 41 17 .466 28109 &8%12 + 3
17 17,788 - EB61Y 28628 + 11 42 18.286 29429 29488 + 59
18 17.489 28146 28132 + 14 43 19.155 308287 30912  + 85
19 17.328 27893 27904 + 11 44 20,060 32283 32320 a7
20 18,160 29226 29248 + 18 45 21.006 33896 33800 - B
21 18.916 30443 30456 + 13 46 21,946 35318 35320 + 2
22 20,096 32298 32344 + 46 47 22.912 36873 36896 + 23
23 21.326 34321 32320 - 1 48 23.914 38486 58496 + 10
24 20.192 32496 32440 - 56 49 25.108 40408 40424 + 16
25 19.012 30597 30544 - B3 50 25.960 41779 41800 + 21



LL

POSITION SHORAN DISTANCE
Statute Meters

51
52
53
54
55

56

TABLE A

Miles

27.128
28,360
29,559
31,018
32.000

33.200

(3)

43658
45641
47571
49919
51499

53430

(Concluded)

Mean Difference in Meters
Mean Difference in

Statute Miles . « o« =« - &

(4 - 3)

SC ALED
Meters
(4)

43700 + 42
45680 + 39
47600 + 29
49960 + 41
51508 + 9
53448 + 18
+ 10
. « +0.006

Therefore the SERQO SET should bes at

New ZERQ SET

99,802

+

-006

99.808
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POSTTION SHORAN DISTANGE
Statute Metersms

O DO

Bmm-aaa

13
14
15

16
17
18

19

21
22
23
24
a5

Miles

36.996
37 .224
37 .460
38,178
38.481

38,737
39,781
40.245
40.473
40,748

X

38 .457
37,369
56,308
35,137

33,437
32,760
51.885
30,774
29,995

29,389
29.079
29.497
x

25 b480

(3)

59540
59906
60286
61442
61930

62348
64022
64768
65135
65578

61891
80140
58432
56548

53812
52722
51314
49536
48272

47298
46799
47471

41006

TABLE B
SCALED
Meters

(4) (¢ - 3)
59552 + 12
59920 + 14
60296 + 10
61456 + 14
61936 + 6
62328 - 14
64024 + 2
64782 + 14
65104 - 31
65560 - 18
61920 + 29
60144 + 4
58440 + 8
56776 (+228) **
BI744 - 68
52696 - 26
51244 - 50
49480 - 45
48200 - 72
47360 + 62
46840 + 41
47456 - 15
40962 - 44

POSITION

COMPUTATIOGN OF STATION ERROR FOR STATION "SHQR™
ZERO SET

14 September 1945

SHORAN DISTANCE
Statute Metars

Miles

22,501
21.275
19.947
18.798
17.719

16.520
15.349
14,065
12,983
11.895

(3)

36212
54239
32102
30230
28516

26587
24702
22636
20894
19143

SCALED
Meters

(4)

36200
54232
32064

30240

28496

26576
24696
22640
20904
19136

I + 4+ 1
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TABLE I COMPUTATION OF SHORAN CORRECTION FACTORS
Line (&) 29 September 1945

POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUTE MILES

AND TIME SHOR  RAN SuM AND TIME SHOR  RAN SUM AND TIME SHOR  RAN StM
0829 35,422 05,939 41,361 34 0908 26.945 14,418 41,363 63 0937 20,685 20,690 41.375
0830 35.201 01,152 41.354 35 0909 26.741 14,627 41.368 64 0938 20.455 20.912 41.367
0831 34.975 06,381 41.356 36 0910 26.522 14,846 41.368 65 0939 20.242 21.124 41.366
0832 34,763 06.604 41,368 37 0911 26,302 15,055 41.357 66 0940 20.018 21.344 41.362
0833 34.539 06.826 41.365 38 0912 26.084 15.276 41.360 67 0941 19.805 21,560 41.365
0844 32,115 09.246 41.361 39 0913 25.868 15.493 41,361 68 0942 19.583 21.783 41,366
0845 31.897 09,468 41.365 40 0914 25.652 15.710 41,362 69 0943 19.364 21,695 41.359
0846 31.641 09,724 41.365 41 0915 25.442 15.923 41.367 70 0944 19.147 22.215 4l1.362
0847 31.447 09,915 41.362 42 0916 25,232 16.137 41.369 71 0945 18,935 22,440 41.365
0848 31.228 10.133 41l.361 43 0917 25,007 16.355 41.362 72 0946 18,708 22.660 41.364
0849 31.012 10.352 41.364 44 0918 24,7928 16,573 41.365 73 0947 18.486 22,879 41.365
0850 30,806 10,566 41,372 45 0919 24.575 16.789 41.364 74 0948 18,867 23,091 41.358
0851 30.581 10.788 41.369 46 0920 24.365 17.002 41.367 75 0949 18,047 23.317 41.364

0862 30,256 11.015 41.371 47 0921 24,149 17.217 41.366 76 0950 17.835 23.53z 41,367
0853 30.151 11.219 41,370 0922 23,935 17.432 41.367 77 0951 17,615 23.752 41.387
0854 29,933 11.436 41,369 49 0923 23,718 17.650 41.368 78 0952 17.387 23,879 41.366
0855 29,719 11.651 41,370 50 0924 23.505 17.865 41,370 79 0953 17,177 24.189 41.366
0856 29.501 11.867 41.368 61 0925 23,285 18,079 41.364 80 0954 16.958 24,405 41.363

&

0859 29.286 12,076 41.362 52 0926 23,054 18.306 41.360 BL 0955 16.758 24,610 41.365
0858 29,076 12,292 41,368 53 09287 22.844 18,537 41.371 82 0956 16,532 24.835 41,367
0858 28.871 12,500 41.371 54 0928 22.629 18,739 41.367 83 0957 16,320 25,041 41,361
0900 28.658 1l2.712 41.370 85 0929 22,421 18,934 41.355 84 0958 16,1028 25.259 41,361
0901 28,435 12,933 41.368 56 0930 22,205 19.156 41.361 85 0959 15.891 25.472 41.363
0902 28.228 13,138 41,366 57 0931 21,990 19.371 41,361 868 1000 15.675 25.694 41,369
0903 28,006 13,358 4l1.364 58 0932 21.780 19.586 41.366 87 1001 15,463 25,902 41,385
0904 27,804 13.567 41.371 59 0933 21,555 19.806 41.361 88 1008 15.251 26,111 41.362
0905 27,585 13.788 41,373 60 0934 21.341 20,020 41.361 89 1003 15,035 26,328 41.363
0906 27,378 13,988 41,366 61 0935 21.120 20.243 41.363 g0 1004 14.821 26.546 41.367

AWM NMDLDNNDMNN
NI—‘OO(D-QGUPUNHOEEgggzggﬁsmpme

33 0907 27.165 14.205 41.370 62 0936 20,905 20.462 41.367 91 1005 14.606 26,761 41,367
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POSITION
AND TIME

92
a3

95
96
a7
98
99
100
101
102
103
104
105
106
107
108
109
110

113
114
115
116
117
118
119

“on

1006
loav7
1008
1009
1010
1011
1015
1016
1017
1018
1019
1020
1021
1022
1025
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037

DISTANCE STATUTE MILES

SHOR

14,3586
14,151
13,958
13,749
13.541
13.321
13,695
13.937
14,195
14.445
14.686
14,9833
15.183
15.432
15.675
15.922
16.167
16.410
16,658
16.9Q03
17.137
17,386
17,634
17.898
18.115
18,3585
18,614
18.840

RAN

26,976
27.212
a7.411
27,619
27,836
28,044
a7.672
27.426
27.170
26,920
£6.676
26.427
26.176

286,933

85,689
25.441
85.196
24.949
24,706
24,460
24,225
23.976
283,731
23,461
23,246
23.002
22.749
22,723

SM

41,362
41.363
41,363
41.366
41.3?6
41.365
41,367
41,363
41,365
41,365
41.362
41,360
41,359
41,365
41,364
41.363
41,363
41,359
41,364
41,363
41,362
41,362
41.365
41,359
41,361
41,357
41,363
41,363

(Continued)

DISTANCE STATUTE MILES

TABLE I
POSTTTON
AND TIME  SHOR
123 1040 20.811
124 1043 20,538
125 1044 20,779
126 1045 21.015
127 1046 21.659
128 1047 21.507
130 1048 21.759
131 1048 21,987
132 1080 22,225
133 1051 22.477
134 1052 28,717
135 1053 22.962
136 1054 23,202
137 1055 23.452
138 1056 23.897
139 1057 23,927
140 1058 24,242
141 1059 24.422
-142 1100 24.658
143 1101 24,918
144 1102 25,157
145 1103 25,409
146 1104 25.642
147 1105 25.893
148 1106 26.142
149 1107 26.380Q
15¢ 1108 26.632
151 1109 26.876
152 1110 27.122

RAN

2l.552
20.822
20.581
20,346
20,098
19.856
19.613
19,371
19.132
18.886
18.646
18,398
18.161
17.914
17.665
17,434
17.120
18.945
16.702
16,446
16.202
15,955
15.722
15.467
15.222
14.987
14,732
14.487
14,243

SUM

41,363
41,360
41,360
4] 357
41,383
41.372
41,358
41,357
41 .363
41.363
41,360
41,564
41,363
41,361
41.362
41,365
41,360
41.362
41.359
4] .364
41.564
41.360
41.364
41.367
41,3564
41.363
41,365

POSITION
AND TIME

153
154
155
156
157
158
15¢
160
161
162
163
le4
165
16
167
168
169
170
171
iva
173
174
175
176
177
178
179
180
181

1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
11285
1126
1127

1129
1130
1131
1132
1135
1134
1135
1136
1137
1138
1139

DISTANCE STATUTE MILES

SHOR

27,377
27.617
27.857
28.080
28,317
28,563
28.800
29,026
29.264
29,506
£29.891
29.996
30.226
30.466
30.698
30,944
31l.k82
31.431
3l.681
31.916

32,163

32,396
58,651
32.866
33.119
33,370
33.616
33,835
54.063

RAN

13.987
13.748
13,511
13.282
13,041
12.801
12.563
12,331
12,093
11.858
11.475
11.369
11.138
10,908
10.666
10.420
10.181
09.934
09.681
09.444
09.199
08.967
08,719
08.497
08.243
07.994
07.749

07.531
07 .2a9

SUM

41,364
41,365
41.368
41.362
41.358
41,363
41 .357
41,357
41.364

41.364 .

41.365
41,364
41.374
41 .564
41.364
41.363
41.365
41.368
41.362
41 .36a
41.363
41.370
41,363
41.362
41 .364
41,365
41 .366

AT TRRE
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TABLE I _(Concluded)

POSITION DISTANCE STATUTE MILES
AND TIME SHOR RAN - SUM

182 1140 34.300 07.061 41.361
183 1141 34,525 06.840 41,365
184 1142 34.768 06.594 41.362
185 1143 34.982 06,378 41.360

MEAN OF 177 OBSERVATIONS . . »

IN STATUTE MILES . « « « 41,364

Fixes by sextant were taken at in-
tervals of about five minutes si-
multaneously with the SHORAN fix.
The scaled values were taken and
compared with the appropriate SHO-
RAN distance to make a computation
of the stetion 'error'! or correc-
tion factor. See TABLE II.
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POSTITION
STATTON

9 SHOR
11 SHOR
16 SHOR

RAN
21 SHOR
26 SHOR
31 SHOR

RAN
35 SHOR
3¢ SHOR
40 SHOR

41 SHOR

43 SHOR

SHORAN DISTANCES
Statute Milss Meters

READ

33.158
08.225

32 . 647
08,725

$1.398
Q9.972

30.218
11.175

28,032
12,352

26,662
b-w o

28,460
84,274
23.814
R23.688

23,645

COR'D

33,188
08.825

32 .647
C8.785

31.397
09.972

30.217
11.175

291031
12,352

26,661

25.459
24,272

23.812

23.693

23,633

4)

53563
15237

8R540
14042

505288
16048

48630
17984

46721
19879

42907

40972
58062
38322
38130

38034

TABIE I-A

SCALED
Meters
(5)

53328
13306

52544
14088

50852
le07z

48624
18000

46624
20000

42904

40958
39080
38296
38128

38032

ZERO SET 99.806

DIFFERENCE
SHCOR RAN
(5-4)

- 28
+ 68
- &
+ 45
+ 23
- 24
+ 6
+ 18
(¢ 97)
(¥114)
- 3
- 14
+ 18
- 26
- 8
- 2

POSTTION
and
STATTON
43 SHOR
44 SHOR
45 SHOR
46 SHOR
47 SHCR
50 SHOR

54 SHOR
RAN

58 SHOR
RAN

64 SHCR
RAN

69 SHOR
RAN

74 SHOR
RAN

29

SHORAN DISTANCES
Miles Meters

Statute
READ

Z5.615
23,398
83,598
23.450
23,538
20,448

26,605
14.776

27,780
13.600

28,9580
123.427

30,120
11.259

31.887
10,085

CGOR'D
23,613

23,588

23.395

235,447
23,935
25.445

26,602
14.777

27,786
13.601

28,946
12.428

20,116
11,280

31.285
10.087

(4)
38002

2652

37651

37739
37881
40950

42812
23781

44717
21889

46584
20001

48467
18121

50345
16234

CMPUTATION OF STATION ERRCR FROM TARLE I DATA.
September 1945

SCALED DIFFERENCES

Metara

(5)
38000

SHOR
(5-4)

- 2

37784 (~132)

47664

37736

37824

40976

43834
23792

44744
21880

46568
20064

48480
18144

50452
16872

+ 13
- 3
+ &7
+ 26

+ B2

+ 27

+ 13

+ 11

RAN

11

63

+ 83

38



TABLE I-A (concluded)

POSITION SHORAN DISTANCES SCAIED DIFFERENCE
and Statute Miles Meters Meters SHOR RAN
STATION READ COR®D (4) (8) (5=-4)
78 SHOR 32.445 32,441 52209 52224 + 15

RAN 08,930 08,932 14375 14400 + 20
84 SHOR 33.570 33.566 054032 54032 0

RAN 07.808 07.810 12569 12592 + 23
89 SHOR 34.6350 34,630 55732 55744 + 12

RAN 08.739 08.741 10848 10888 + 40
gl SHOR 35,080 35,0556 56432 56480 + 48

RAN 06.316 06,318 10168 10l6Q - 8
MEAN DIFFERENCES IN METERS + 3.1

+ 22 .2

MEAN DIFFERENCES IN -
STATUTE MILES ¢ ¢ ¢ o o o @ o o s o + 0.002
' + 0.014



POSITION
and
STATION

S SHOR
RAN

12 SHOR
RAN

17 SHOR
RAN

22 SHOR
RAN

27 SHOR
RAN

32 SHOR
RAN

37 SHCMR
RAN

42 SHOR
RAN

47 SHQR
RAN

52 SHOR
RAN

SHORAN DISTANCES
Miles Maters

Statute
REED

34,767
06,591

31.640
09.714

30,580
10.7%8

29.500
11.857

28.434
12.923

27,378
15,978

26,302
15.045

25,232
16.127

24.149
17.207

23,054
18,297

COR'D

54,764
06.604

31,641
09,124

30.581
10.788

29,501
11.867

28,435
19,933

27,378
13.988

26.302
15.055

25,232
16.137

24,149
17.217

23,054
18.306

(4)

55947
10628

50921
15649

49216
17361

47477
19098

45762
20814

44061
22512

42329
24229

40607
25970

38864
27708

37102
29461

TABLE II

COMPUTATION OF SHORAN CORRECTION FACTORS

Line (b) 30 September 19 45

SCALED DIFFERENCE
Meters SHOR RAN
(5 - 4)

(5)

56222
10354

51102
15482

49998
17410

47455
19145

45719
20881

44064
22536

42356
24264

40609
25991

38865
27735

37008
29502

(#275)

(#181)

- 18

- 22

- 43

(-273)

(-167)

+ 49

POSITION
and
STATION

57 SHOR
RAN

62 SHOR
RAN

67 SHOR
RAN

72 SHOR
RAN

77 SHOR
RAN

82 SHOR
RAN

87 SHOR
RAN

92 SHOR
RAN

97 SHOR
RAN

98 SHOR
RAN

SHORAN DISTANCES
Statute Miles Meters

READ

21.990
19.362

20 1905
20,454

19,805
21.552

18.703
22,853

17.614
23,783

16,531
24,828

15.462
& .896

14,385
26,970

13,320
28,038

13.685
a7 .666

COR'D

21.990
19,371

20,905
20.462

19,805
21,560

18.704
22.660

17.815
23.752

16.532
24,835

15.463
25,902

14.386
26.976

13,321
28,044

13,696

27.6723

(4)

35390
31175

33643
32931

31873
54698

30101
56468

28349
38225

26606
39968

24883
41685

23152
43414

21438
45133

22042
44534

SCALED
Meters
(5)

35379
3l221

53620
32980

31829
34771

30102
56498
38217

26648
39952

24944
41656



a8

TABIE II (Concluded)

POSITION SHORAN DISTANCES SCAIED DIFFERENCE POSTTION SHORAN DISTANCES SCALED DIFFERENCE
and Statute Miles Meters Meters SHOR RAN and Statute Milsa Meters Metars SHOR RAN
STATION READ COR'D (4) (5) (5-4) STATION READ COR'D (4) (5) (5-4)
103 SHOR 14,933 14,933 24032 152 SHOR 27.125 27.122 43649 43656 + 7
RAN 26.421 26,427 42530 RAN 14.235 14.243 22922 22944 + 22
108 SHOR 16.167 16.167 26018 25976 - 42 157 SHOR 28.320 28,317 45572 45624 ¥ 58
RAN 25.190 25,196 405492 40624 + 75 RAN 13.033 13,041 20988 20978 - 12
113 SHOR 17.387 17.386 27980 29991 + 11 162 SHOR 29.510 29.506 47485 47518 + 34
RAN 23,970 23.973 38581 38609 + 28 RAN 11.850 11.858 19084 19081 -3
118 SHOR 18.615 18,614 20956 20950 - 6 167 SHOR 30,702 B30.698 49404 49407 - 4
RAN 22.743 22.749 36611 38650 + 39 RAN 10.658 10.666 17165 17209 + 44
123 SHOR 19,813 19,811 31882 31917 + 35 172 SHOR 31.920 31.916 51364 51334 - 30
RAN 21,546 21.B52 34685 34683 < g RAN 09,435 09 443 15197 15266 + 69
126 SHOR 21,018 21,015 33820 33844 + 22 177 SHOR 33.123 33,119 53300 53669 (+369)
RAN. 20,340 20.346 32744 32756 + 14 RAN 08.234 08,243 13266 12931 (=-335)
132 SHOR 22.228 22.285 35788 35807 + 35 182 SHOR 34.804 34.300 55201 55188 - 13
RAN 19.126 19.132 20790 30797 + 7 ~RAN  07.051 07.061 11363 11412 + 39
137 SHOR- 23.455 23,458 3r742 37707 - 35 185 SHOR 34.986 34.982 056298 56332 + 34
RAN ,17.908 17,916 28833 28893 + 60 RAN 06.368 06,378 10264 10268 + 4
142 SHOR 24.661 24.658 39683 39714 + 31 MEAN DIFFERENCES IN METERS + 3.6
RAN 16,695 16.702 26879 26886 *» 7 + 28,3
143 SHOR 25.896 25.893 41671 41873 - 2 MEAN DIFFERENCES IN
RAN 15.460 15.467 24892 24927 + 35 STATUTE MIIES . v & o o » & « «5 * 0,002

+ 0,016



TABLE III COMPUTATION OF STATION CORRECTION FACTORS

LINE A 1 OCTOBER 1945
POSITION SHORAN DISTANCES SCALED DIFFERENCE POSITTION SHORAN DISTANCES SCALED DIFFERENCE
and Statute Miles Meters Meters SHOR RAN and Statute Miles Meters Meters SHOR RAN
STATION READ COR'D (4) (8] (5 - 4) STATION READ COR'D {4) (5) (5 - 4}
1 SHOR 40.7564 40,752 65584 655028 - 83 3% SHOR 33,047 33,044 53179 53099 - 80
RAN 05.585 05,532 8903 8833 &« 30 RAN 19.357 19.362 531160, 31228 + 68
6 SHOR 4l 715 4L.,713 67181 = 67005 (=1£8) %6 SHOR 31.114 51.111 50068 50036 - 32
RAN 08.852 08.859 14257 14287 (¢ 10) RAN 20.540 20.545 33064 33043 - 21
9 SHOR 42.427 42.425 68277 68165 (-112) 39 SHOR 29.1l72 29.168 46942 46973 # 31
RAN 10,898 10.904 17548 17562 (# 14) RAN 21.861 21.865 35188 35154 - 34
12 SHOR 42 SHOR 27.194 27.190 43758 43718 - 40
RAN 12.928 12.934 20815 20844 ©+ 29 RAN 23,248 23,252 37420 37418 & 2
15 SHOR 42,962 42.959 69136 69124 (- 12) 45 SHOR 85.232 25.288 40601 40656 + 55
RAN 14,985 14,991 24126 23831 (+195) RANFHK
18 SHOR 43.252 43.249 69603 69476 (+127) 48 SHOR 23.363 23.359 37593 37705 (el12)
RAN 16.588 16.594 26706 26581 (-125)
; 51 SHOR 21,545 21.541 34867 34697 + 30
21 SHOR 41.175 41,172 66260 66206 = B :
RAN 16,607 16.613 26736 26723 - 13 54 SHOR 21.839 2£1.835 35140 35146 + 6
22 SHOR 39.096 3¢.093 62914 92919 + 5 55 SHOR 22.050 22,055 35494 35506 :+¢ 12
RAN 16.957 16,962 27298 27269 - 29

: 56 SHOR 22.324 22.%20 35721 35922 + 2
27 SHOR 37.045 37,042 BO613 59600 - 13

RAN 17.618 17.623 28362 28365 + 3 57 SHOR 22.599 22.595 36363 36386  + 25
30 SHOR 35,020 35.017 56355 56213 (-132) 58 SHOR 22,896 22.802 36841 36865  + 24
RAN 18.416 18,421 29646 29869 (#223)

98
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POSITION
and
STATTON
59 SHOR
60 SHOR
61 SHOR
62 SHOR
63 SHOR
64 SHOR
65 SHOR
66 SHOR
67 SHOR
68 SHOR
69 SHOR

70 SHOR

SHORAN DISTANCES

Statute Miles Meters

READ

23,206
23,532
23.880
24.232
24,601
24.983
25.384
&85.786
26,188
26 +615
27.0085

27.585

COR'D

23.202
23.588
23,876
24,237
24,596
24,978
25.379
25,781
26,183
26.610
27,050

27.520

(4)
37340

- 37865

38425
38990
39584
40198
40844
41491
42138
42825
43533

44289

SCALED
Mete rs
(5)
37377
37913
58441
39017
39585
40226
40888
41520
42184
42856
43575

44311

TABLE IIXI (Concluded)

DIFFERENCE
SHOR RAN

(5.~ 4)
37
48
16
27

i

28

31

22

POSITION SHORAN DISTANCES SCALED DIFFERENCE
and Statute Miles Meters Meters SHOR RAN
STATION READ - COR'D (4) (5) (5 - 4)

71 SHOR 28.480 28.475 46828 45830 + 4

72 SHOR 28.962 28,957 46602 46637 + 35

MEAN DIFFERENCES IN METERS $# 10.3

MEAN DIFFERENCES IN
STATUTE MILES o o« o ¢ o o o +0.006
+0.002

*#%*  Only Major Casualty occured this day. The receiver
unit in the MONITOR at Station RAN burned out due to a
shorted capacitor in one of the I.F. coupling transformers.
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POSITION
and
STATION
1 SHOR
5 SHOR
8 SHOR
@ SHOR
11 SHOR
14 SHCR
17 SHOR
22 SHOR

25 SHOR

28 SHOR

SHORAN
READ

40.292
04.694

40.904
07.382

41,716
09.633

41.480
09.794

40,544

10.095-

41.3586
18,151

42.235
14.214

40.105
15.430

38,062
15,918

35,985
16,742

DISTANCES
Statute miles Meters

COR'D

40.292
04.704

40.904
07.392

41,716
08.642

41.480
09.803

40,544
10.104

41.386
12,159

42,835
14,221

40,104
15.434

38.061
15.921

35.984
16.743

(4)

64844
7570

65829
11896

67136
15517

66756
15776

65249
16261

66606
19568

67970
22887

64541
24839

61253
25622

57911
26945

TABLE IV

SCATED
Meters
{5)

64776
7584

65792
119084

67088
15576

66768
15752

65112
16248

66504
19584

67952
22904

64544
24816

61272
26608

57880
26904

Line B

DIFFERENCE

SHOR
(5
- 68

- 37

(=137)

RAN
- 4)

+ 14

+ 88

+ 59

- 24

*

(- 13)

(-102)

(+ 18)

+ 17

- 23

POSITION

AND
STATION

3L

37

o2

55

58

6l

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

CQMPUTATION OF STATION CORRECTION FACTOR
2 October 1945

SHORAN DISTANCES
Statute Miles Metars

READ

33.908
17.808

29.815
20.259

a7.796
21.595

25.790
23.088

23 .845
24,728

21.916
26 .445

20.055
28.224

18.240
30.052

16.484
31,912

14,824
33773

COR'D

53,906
17.808

29.813
20,258

87.794
21.595

25.788
23.088

23.844
24,728

2k.915
26,445

20,054
28,225

18,239
50,053

16.483
31.913

14.822
33,774

(4)

54567
28659

47980
32602

44730
34754

41502
37157

38373
39796

35269
42559

32258
45424

29353
48366

26587
51359

23854
54354

SCALED
Meters

(5)

54064
28928

47976
32608

44760
34736

41512
37168

38360
39792

35304

42520

32296
45416

29384
48312

26044
51296

23904
54336

DIFFERENCE
SHOR  RAN
(5 = 4)

(-507)

(+269)
- 4

+ 6
+ 30

- 18
+ 10

+ 11
- 13

- 4
+ 39

- 39
+ 38

- 8
+ 31

- 54
+ 17

- 63
+ 50

- 18



63

POSITION
and
STATTON

64 SHOR
RAN

67 SHOR
RAN

70 SHOR
RAN

73 SHOR
RAN

76 SHOR
RAN

78 SHOR
RAN

81 SHOR
RAN

84 SHOR
RAN

87 SHOR
RAN

20 SHOR
RAN

SHORAN DISTANCES
Statute Miles Meters

READ

13,330
35.648

12.041
37.582

11.102
39,544

10.243
41,499

08.899
09.477
39,737

10.582
37 .807

11,934
35,908

13,437
34,015

15,095
32,1028

COR'D

13,328
35.649

12.038
37.582

11.099
39.044

10.240
41.499

08,896
09,474
39.738

10,579
37.807

11,931
35,910

13.434
34,017

15.092
32,105

(4)

21449
57373

19373
60483

17862
63640

16480
66786

14317
15247
835958

17025
60845

19201
57792

21620
54745

24288
51668

TABLE IV (Continued)

SCALED
Meters

(5)

21504
o7384

19480
60464

17472
65864

16584
36976

13896
15112
64088

17112
60800

19272
57720

21872
54760

24336
51720

DIFFERENCE
SHOR  RAN
(5 ~ 4)

+ 55
+ 12

POSITION SHORAN DIUSTANCES
Statute Miles Meters

and
STATICN

93 SHOR
RAN

96 SHOR
RAN

100 SHOR
RAN

103 SHOR
RAN

108 SHOR
RAN

109 SHOR
RAN

113 SHOR
RAN

117 SHOR
RAN

125 SHOR
RAN

126 SHOR
RAN

READ

16,837
30,263

18,637
28.478

21.096
26,137

23,000
24,408

24.907
22.768

26.887
21,149

29,886
1g.018

32 . 541
17,252

56,584
15.321

58,360
14,629

_COR'D

16.834
30.267

18.634
28,482

21.093
26.142

22,997
24.411

24,904
22.774

26 .884
21,156

29.883
1e.02%

32,538

17,259

36 381
15.328

48,356
14.636

(4)

27092
48710

29989
45838

33946
42072

37010
39286

40079
36651

43266
34047

48092
30618

52365
27776

58550
24668

61728
23554

SCALED DIFFERENCE

Meters

(5)

27168
487128

30072
45832

34064
42072

26992
39352

40136
36648

43288
34032

48128
20800

52376
27808

58592
24744

61688
23640

SHOR  RAN
(5 - 4)

+ 76
2

+ 83
&

(+118)
0

+ 18
66

+ 57
3

+ 22
15

+ 36
18

+ 11
32

+ 42
76

- &0
88



06

POSITION
and
STATTON

129 SHOR
RAN

132 SHOR
RAN

135 SHOR
RAN

137 SHOR
RAN

13¢ SHOR
RAN

140 SHCR
RAN

142 SHOR
RAN

144 SHOR
RAN

145 SHOR
RAN

148 SHOR
RAN

SHORAN DISTANCES
Statute Milea Msters

READ

40.427
14,274

42,465
14.164

44,520
14.396

45.924
14.759

47,335
15,177

47,180
14,923

45,740
14,484

44.096
14,150

13.806

11.678

COR'D

40,423
1l4.281

42,461
14,170

44,516
14,402

45,920
14.765

47,331
15.183

47.178
14.929

45,737
14.489

44,093
14,155

13.811

11.683

(4)

65055
22983

48334
22804

71642
23178

73901
23762

76172
24435

75923
24026

73607
23318

70961
22780

22227

18802

TABIE IV
SCAIED DIFFERENCE
Meters SHOR RAN

(5) (5 = 4)
65112 » 57
22992 + 9
68288 - 46
22856 + 52
71608 - 34
23200 + 22
73976 + 76
23784 + 22
76224 + 52
24472 + 37
75888 - 35
24040 + 14
73672 + 65
23360 + 42
70968 + 7
28776 - 4
22264 + 37
18818 + 14

(Continued)

POSITION
and
STATION

151 SHOR
RAN

154 SHCOR
RAN

MEAN DIFFERENCE IN METERS . « « »

SHORAN DISTANCES
Statute Miles Msters
READ  COR'D (4)

09.678 09.682 15582

64949
12873

40,360 40.357
07.995 07,999

MEAN DIFFERENCE TN

STATUTE MIIES .

SCALED
Meters

(5)
15696

64904
12856

DIFFERENCE
SHOR  RAN
(DR~}

(+114)

- 55
- 17

+ 17 - 1.4

¢ o L] (3 - (] +0 .Oll

-0,001
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POSITION
and
STATTION

1 SHOR
RAN

4 SHOR
RAN

8 SHOR
RAN

11 SHOR
RAN

14 SHOR
RAN

17 SHOR
RAN

23 SHOR
RAN

26 SHOR
RAN

29 SHOR
RAN

32 SHOR
RAN

SHORAN DISTANCES
Statute Miles Meters

READ

41,123
05,322

41,709
07.435

42,427
09.946

40,932
10.074

41.427
11.781

42,321
13.842

41.810
16.365

39.762
16.566

37,700
17.043

35,630
17.847

COR'D

41,124
05.322

41,708
07,435

42,425
09.947

40.929
10,076

41.423
11.782

42,317
13.843

41.805
16.365

39,756
16.565

37.694
17.042

35.624
17.846

(4)

66183
8565

67123
11966

68277
16008

65869
16216

66664
18961

68103
22278

67279
26337

63981
26659

60663
27427

57331
28720

TABLE V

Line C

SCALED DIFFERENCE

Meters

(5)

86184
8600

67128
12000

68184
16024

65920
16232

66656
19080

68192
22264

66252
26360

83952
26672

60672
27432

57984
28568

SHOR  RAN
(5 - 4)

+ 1
+ 35
+ 34

- 93
+ 16

+ 51
+ 16

(= 10)
($119)
+ 89

- 47

- 29

(+453)
(=162)

COMPUTATION OF STATION CORRECTION FACTORS

3 October 1945

POSITION SHORAN DISTANCES
and Statute Miles Meters
STATION READ CORLP (4)

35 SHOR 35.620 35,619 57523
RAN  17.637 17.637 28384

38 SHOR 37.632 37.626 60053
BAN 16.775 1B.775 26997

41 SHOR 39,747 39,742 63959
RAN  16.254 16.254 26158

44 SHOR 41.914 41.909 67446
RAN 16.067 16.067 25857

47 SHOR 42,000 41.995 67585
RAN 15.845 15.846 25502

50 SHOR 39,933 39.930 64293
RAN 16.004 16.005 25758

53 SHOR 37.918 ©37.913 61015
RAN 16.502 16.503 26559

56 SHOR 35.827 35.822 57650
RAN 17.263 17.264 27784

59 SHOR 35,611 35.606 57303
RAN 17.122 17.123 27557

62 SHOR 37.641 37.635 60568
RAN 16,318 16,319 26263

SCALED
Meters
(5)

57432
28352

60552
27016

64000

26176

67456
25832

67560
25488

64312
25752

61016
26568

57632
a7ve

57328
27520

60608
26272

DIFFERENCE

SHOR
(5

(-109)

+ 41

+ 10

- 20

+ 19

- 18

+ 25

RAN
- 4)

(- 32)

+ 19



a6

POSITION

and

STATION

65 SHOR

€8 SHCOR

71 SHOR

74 SHOR

77 SHOR

81 SHOR

83 SHOR

RAN

86 SHOR

89 SHOR

928 SHOR

SHORAN DISTANCES
Statute Miles Meters

READ

39,762
15,780

41,927
15.586

41.868
14,963

39.836
15.255

37,780
15.750

35.828
16.727

34.539
16.896

364416
16.004

38,496
15.297

40.641
14.867

COR'D

39,756
15,791

41,921
15,587

41.862
14,964

39,831
15,256

37.775
15.751

35,824
16.728

34,535
16.807

36,412
16.005

38,493
15.298

40,638
14,868

(4)

63981
25413

67466
25085

a7371
24082

64102
24552

60793
25349

57010
26921

55579
27193

58600
25758

61949
24620

65401
23928

SCALED
Meters

(5)

64024
25392

67432
25032

67320
24056

64056
24656

60704
25392

56984
26992

55452
a7272

58656
25816

91904
24704

65360
23960

TABLE V

DIFFERENCE
SHOR  RAN
(5 -4)

+ 43
- 21

- 34
- 53

- 51
- 26

(- 46)
(+104)

- 89
- 26
+ 71

(~-127)
(¢ 78)

+ 56
+ 08

- 45
+ 84

- 41
+ 32

(Continued)
POSITION SHORAN DISTANCES
and Statute Miles Meters
STATION READ COR'D (4)
95 SHOR 42,430 42,427 68280
RAN 14,734 14.735 23714
98 SHOR 41,224 41.221 66339
RAN 14,534 14,537 23395
101 SHOR 39,124 39.122 62961
RAN 14.898 14,902 23982
104 SHOR 37,015 37.013 59567
RAN 15,570 15.574 25064
107 SHOR 34.8065 34.853 56091
RAN 16.506 16,511 26572
110 SHOR 34.816 34.814 56028
RAN 16.377 16.283 26205
113 SHOR 36.862 36,861 59322
RAN 15,375 15,3828 2475656
116 SHOR 38,965 38,964 62707
RAN 14,694 14,700 23657
119 SHOR 41,118 41,117 656172
RAN 14,382 14.380 23159
122 SHOR 42.003 42.001 67594
RAN 13.916 13,983 22407

SCALED
Msters
(5)

68288
23776

66312
23472

62904
24024

59568
25144

56056
26664

56016
26240

59304
24768

62696
23696

66144
23176

67600
22440

DIFFERENCE
SHOR  RAN
(5- 4)

+ 62

- 9%

- 12

- 18



86

POSITION

and

STATTION

125

128

131

134

137

140

143

146

149

152

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHOR
RAN

SHORAN DISTANCES
Statute Miles Meters

READ

40.120
14,054

37.978
14,524

35.809
15,314

34,307
15,823

36,094
14,941

38,178
14,193

40,308
13.792

41,768
13.455
13.636

37,665
14.136

COR'D

40,118
14,060

37.975
14,530

35.808
15,319

34,303
15.827

36,089
14,944

38,172
14,195

40,302
13.794

41,760
13.458
13.639

37661
14,140

(4)

64564
22627

61115
23584

57628
24654

55206
25471

58080
24050

61432
22835

64860
22199

87206
21659
21950

60610
22756

SCALED
Meters

(5)

64536
22688

61072
23448

57600
24736

55216
25480

58088
24144

61480
22856

64888
22224

67576
21640
21992

60608
22824

TABLE V  (Concluded)
DIEFERENCE POSITTON
SHOR RAN and Statute
(5 = &) STATION  READ
- 28 156 SHOR 35.466
+ 81 RAN 14.980
185 158 SHOR S4.217
+ 64 RAN 15.370
- 28 161 SHOR 36.012
+ 82 RAN 14.523
+ 10 164 SHOR 38.059
® 0 RAN 13.770
£ 167 SHOR 40.168
¢ 04 RAN 13.354
¥ 48 170 SHOR 41.783
+ 21 RAN 13.167
+ 28 173 SHOR 41.878
+ 85 RAN 11,345
(+370)
(- 19)
MEAN DIFFERENCES IN METERS
+ 42
= MEAN DIFFERENGES IN
+ 68

SHORAN DISTANCES

COR'D

35.462
14,984

34,214
15,375

36,009
14.528

38,057
13.776

40,166
13,360

41.782
13.174

41.877
11.352

STATUTE MILES

Miles Meters

(4)

57071
24115

55062
24744

57951
23381

61247
22170

64641
21501

67242
21202

67395
18569

SCAIED
Meters

(5)

57088
24176

55080
24784

57944
23376

61272
22120

64624
21480

67176
21160

67216
18368

L] *e @ o = 2 L]

DIFFERENCE
SHOR RAN
(5 - 4)

+ 17

+ 61
+ 18

+ 40
- 7

- 5
+ 25

- 50
- 17

- 21
- 66

- 42
(=179)

(- 99)
= -8

+ 24

+0,017
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POSITION
AND TIME

|_J
NESOCD\Z!@U!»F-GNP
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30*
0831
BO*
0832
30%*
0833
30*
0834
30
0835
30
0836
30
0837
30
0838
30
0839
30
0840
30
0841
30
0842
30
0843
30
0844

TABLE VI

DISTANCE STATUTE MILES

SHCR

35.321
35,211
35,081
34,972
34.863
34,752
34,629
34,501
34,400
34,285
34.166
54,052
33.938
33,826
33.709
335.084
33,467
33,554
35,236
33,120

32,974 .

32.899
32.774
32,657
32045
32.424
323516
32,195

RAN

06,033
06,143
06.272
06.381
06,500
06.608
06,736
06.858
06.959
07.071
07.194
07,307
07.422
07,837
07.656
07.777
07.898
08.009
08.128
08.244
08,389
08.476
08,591
08.709
08.821
08.935
09.046
09.161

SUM

41,357
41,354
41,353
41.353
41,363
41.360
41,365
41,359
41,359
41.356
4l . 360
41,359
41,360
41,383
41.365
41,361
41,365
41,363
41.363
41.364
41.363
41.365
41,365
41.366
41,366
41.359
41.362
41,356

COMPUTATION OF SHORAN CORRECTION FACTORS
5 October 1945

DISTANCE STATUTE MILES

Line (e)

POSITION

AND TIME SHOR
29 30 32,076
30 0845 31.996
31 30 31,889
32 0846 31l.742
33 30 31.6285
35 0847 31,513
38 30 3L.273
37 0848 31.160
38 30 31,045
a9 0849 30,934
40 30 30.824
41 0851 30,591
42 30 30,467
4% 0852 50,549
£ 30 30,226
45 0853 30,105
46 30 29,990
47 0854 £9.879
48 30 29.766
49 0855 29.631
50 30 29,519
bl 0856 29,395
52 30 29,270
53 0857 29.157
o4 30 29,042
55 0858 28,929
56 30 28.804
5¢ 0859 28.693

RAN

09.284
09.393
09.507
09.624
09.743
09.855
10.084
10.203
10.318
10.433
10,541
10,779
10.896
11.014
11.135
11.258
11.373
11.488
11.613
11.728
11.846
11.966
12.Q95
12,203
12.321
12,435
12.559
12.670

SUM

41,360
41,358
41.366
41.366
41.368
41.368
41,357
41,363
41,363
41,367
41,365
41,370
41.363
41,563
41,361
41,363
41 .365
41,367
41,379
41,369
41,365
41.361
41,365
41.560
41,363
41,364
41.363
41,363

(EE)

POSITION
AND TIME

58
59
60

61

62
63
64
65
66
67
68
69
70
AL
72
73
74
75
76
72
78
79
80

81
82

83
84
85

30
0900
30
0901
30
0902
30
0903
20
0904
30
0905
30
0906
30
0907
30
0908
30
0909
30
0910
30
0911
30
0913
30
0913

DISTANCE STATUTE MILES

SHOR

28,573
28,456
28.345
28.229
28.111
27.994
27.887
27,772
27.694
87,533
27,503
27.299
a7.179
27,059
26,939
26,832
26.713
26.590
26,476
26,3528
26,242
26,124
26,004
25,888
25,773
25,640
25.538
25.414

BAN

12,797
12,904
13.014
13,134
13.253
13.367
13,480
13,597
13.718
13.837
13.961
14,062
14.185
14.305
14.4233
14,534
14.649
14,773
14,885
15.003
15.115
15.235
15,355
15.473
18.590
15,722
15.834
15.948

SUM

41,360
41,360
41.359
41,363
41.364
41,363
41,367
41.369
41.367
41,370
41,364
41,361
41.364
41,364
41,362
41,366
41,362
41.363
41,361
41,356
41,357
41,359
41,359
41,361
41,363
41.362
41.366
41.362
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TABLE VI (concluded)

POSITION DISTANCE STATUTE MILES POSITION DISTANCE STATUTE MILES

AND TIME SHCR RAN SIM AND TIME SHOR RAN SUM

86 30 25.294 16,068 41.356 114 30 21.934 19.428 41,362 MEAN OF 122 OBSERVATIONS « « & o &
87 0914 25,173 16.191 41.364 115 09828 21.823 19,548 41.369

88 30 25,054 18.305 41,359 116 30 21.698 19.686 41.364 IN STATUTE MILES . . . 41,363

89 09156 28.940 16,424 41.364 117 0929 21,570 19.996 41,366
90 30 R24.825 16.539 41,364 118 30
91 0918 24,703 16.661 41,364 119 0930 21.321 20,042 41.364

92 30 24,572 16,796 41.368 120 30 21,203 20.161 41.364 MEAN OF THE VALUE FROM TABLE 1

g3 0917 24.453 16.911 41.364 121 0931 21.093 20,269 41.362 AND THE VALUE FROM TABLE VI . . . o«
94 30 24,338 16,023 41.361 122 30 20,968 20,396 41.364

95 0918 24.820 17.142 41.362 123 0932 20.846 20,522 41.368 IN STATUTE MILES . . . 4l.364

96 30 24,095 17.262 41,357

97 0918 23,973 17.390 41.363

28 30 23,866 17.516 41,371

99 0920 23,745 17.628 41,373 * TFixes were taken at 30-second
100 30 23.825 17.746 41,371 intervals. The (*) indicates that
101 0921 23,502 17.863 41,365 this 30-second time belongs to the
102 30 23,384 17.979 41.363 preceeding minute indicated.
103 0922 23.258 1B,006 41.364
104 30 23,139 18.228 41.367
105 0923 23,012 18,352 41.364 Due to heavy fog setting in at about
106 30 R22.896 18.472 41.368 the center of the base line, it was
107 0924 22,779 18.588 41.367 necessary to break off this run as
108 30 22,656 18,713 41,369 no visual control was available. The
108 0925 22,523 18,845 41,368 line turned on the BISECTOR of the
110 30 22,405 18.960 41,365 base line, and regular Hydrographic
111 0926 22.282 19.081L 41.363 Survey was continued from this point.
112 30 22,174 19,189 41.363
113 0927 22,050 19.312 41.362
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29 September 1945

30 September 1945

0600%*
0700%*
0800
0900
1000
1100
1200%*
1300%*
1400%*
1500%*
1600%*
1700%
1800%

0600*
Q700%
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800%*

IND
DIRECTIQN

W

1

FEEREETR

var
calm

ege

[ B I I )

ene
ene
ene
ne
ne

TABLE W-

WIND
FORCE

'_l
RSE SRR

0=1

0-1
0-1
0-1
0-1

NI 30093200 UK

(o} ex
i

TEMPERATURE

49
51

B0

50
49
49
51

46
46
46
47
47
48
48
48

47
47
47

WEATHER CONDITIONS 'DURING PERIOD OQOF OPERATICNS

BAROMETER

306195
30.15
50.14
30.12
30,13
30.11
30,09
30,07
30.04
30,03
30.02
29 .99
29.97

29.63
29,62
29.60
29.54
29.51
29.50
29 .46
29,43
29 .41
29,39
29,38
29.38
29.38

QO Q000000000 OO

0000000

m

[ele}

[e]

oq

1 October 1945

2 October 1945

B4

0600%
Q7 00%*
0800
0900
1000
1100
1200
1300
1400
1500%*
1600%*
1700%*
1800%*

0600%*
Q700%*
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700*
1800%*

DIRECTICON

BEEBH

nne
a

B

WILW
calm
var
calm
calm

calm

WIND

MMM DG FORCE

H

[
NOQAHPE

Ho o oo
5& 5

&5 55 TEMPERATURE

43
42
L4

45
46
50
45
43
43

BAROMETER

29 .47
29 .50
29 .52
29,53
29 .55
29.55
29,55
29.93
29.53
29.53
£9.54
29 .54
29.55

29,73
29,74
29,75
29,77
29,77
29.78
29.78
29,78
29,80
29,83
29.83
29.84
29.86

WEATHER
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3 Cctober 1945

4 October 1945

:

0600
Q0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700%*
1800*

0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700%*
1800%

calm

sse
s8e
8s8e
sse
sse
=1

88

S8

We3
WesS
WeS

it S B AT A T AT A I & 0 A 0 A B AV R o

o
]
MmMWp OO UuoaoO

HEEES55 5565 8 TEMPERATURE

ST
w

45

45
46
46
46
47
47
49
50
50

TABLE W- Weather (Concluded)

BAROMETER

298.91
20,91
29.91
23.91
29 .92
29,92
29.92
29.90
29,20
29.89
29.87
29.86
29.86

29,08
29,56
29 .53
29 .48
29 .45
29,41
29.41
29,35
29.34
29,54
29,54
29.34
29,35

cp
cp
be
be
he
be
be
be
be
be

cr
oc
or

CCHEEENR8RS

A Oectober 1945

0600
0700 s5W
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700*
1800%*

WIND
FORCE

5.3
ot

i
)
[$4]

HO~1~3~30

BARCMETER

29 .32
29 .31
29,51
29 .31
29 .27
29.351
29,29
29 .25
29.24
29.22
29.24
29,823
29.24

*¥  Ship protected by anchorage in

harbor.



