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Raydist on Georges Bank 
C.\PT.\I:\ G ILBERT R. FISII 

C .S. Coast and Geodetic urvey 

AT THE end of World War II the Coast 
and Geodetic Survey obtained several sets 
of shoran from the U.S. Air Force and 
used them to control hydrographic surveys 
in the Aleutian Islands, Alaska. Sharan is 
a pulse-type electronic control system 
developed for U.S. Air Force use during 
the war and it has proved to be a very 
adaptable substitute for the nonelectronic 
control methods previously used by the 
Bureau. From this initial beginning in 
1946, the use of shoran by the Bureau 
has increased until this method of control 
practically superseded other methods, 
except for the immediate inshore areas 
and the areas beyond its range. 

As shoran uses high frequency radio 
waves, the range of the equipment is 
limited to slightly more than the line -of­
sight distance between the antennas. To 
overcome this limitation of shoran, the 
Coast and Geodetic Survey developed a 
system called the Electronic Position 
Indicator {EPI). It is also a pulse-type 
system,. but uses a lower radio frequency 
than shoran and therefore has considerably 
more range. The increased range makes 
EPI very suitable for small-scale offshore 
surveys, but it is not suitable for con­
trolling medium- to large-sc ale surv eys. 

In 1957, a resurvey of Georges Bank, 
which lies about 100 miles east of Cape 
Cod on the Massachusetts coast {see fig. 
1), was scheduled to begin and a method 
of control was needed that would position 
the soundi ng lines on the medium- to 
large-scale surveys required t o ade­
quately dev elop the sand ridges and shoals 
found in this area. Sharan was not prac­
ticable because of the long distances 
inv olved and the EPI was not suitable due 
to the requirement for the large-scale 
surveys. 

To solve the control problem the use 
of Raydist was c onsidered. In 1954, the 
Coast and Geodetic Survey had leased an 
ER-type Raydist equipment from the man­
ufacturer and used it on a trial survey 
in the vicinity of Sarasota, Fla. The 
results of the test 1 showed that the Raydist 

was well suited to control large-scale 
surveys. Therefore, if such equipment 
could be procured that had sufficient range, 
there was no reason why equally satis ­
factory results could not be obtained in 
the Georges Bank area. In May 1957, an 
agreement was made with the manufac -
turer to install, on a trial basis, a Raydist 
system on the survey ship Hydrographer, the 
vessel assigned to the project. The agree­
ment also provided for the lease of the 
equipment if it proved suitable for our 
purpose and for its purchase should funds 
bec ome available. The equipment was 
purchased in September 1957. This Bulle­
tin is based on information and experience 
obtained during the 1957 and 1958 survey 
seasons during which approximately 17 ,000 
miles of Raydist - controlled hydrography 
were accomplished. 

DESCRIPTION AND PRINCIPLES OF 
OPERATION 

The Raydist purchased by the Coast 
and Geodetic Survey and used on the ship 
Hydrographer was a OM model using 100 watts 
of power. To obtain distances from the 
ship to two shore, or fixed, stations four 
radio transmitters with four separate 
frequencies are required. It is a range­
elliptical system wherein the di rect dis­
tance to each station appears on the 
phasemete r dials. The dist ance to the 
se c ond station, however, is not obtained 
direct but depends on the sum of the 
distances from the ship to each station 
m inus the distance to the first station. 

The Raydist system used on the Florida 
coast in 1954 was an ER model using 
20 watts of power. It was a r ange-hyper­
bolic system that also required four radio 
frequencies. The distance to one station 
was read direc t on the phasemeter dial 
but the distance to the second station had 
to be computed from the hyperbolic read­
ing portrayed on the dial. 

1 ER-Type Ra ydi s t System of Position Control by T. C. Hic k­
l ey and R. C. Bol stad, in The J ourna l, Coa s t a nd Geode t ic 
Survey, Oc tober 1957. 
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FIG. 1.--Project a rea of 1957 and 1958 Raydist-controlled survey of Georges Bank. 
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The readability of the dials has been 
improved on the DM model. Counters are 
now used to show full lanes to l 0,000 lanes 
and a pointer indicates fractional lanes to 
the nearest 0.01 lane . It was found that 
readings to 0.1 lane were sufficiently 
accurate for purposes of hydrography. 
Figure 2 shows the phasemeter. 

The System 

Raydist is a phase-measuring instru­
ment and the determination of distance 
is based on the measurement of a phase 
difference in two radio signals , one ema­
nating from a transmitter on the mobile 
station--aboard ship--and the other from 
a transmitter at one of the fixed, or shore, 
stations. In order to obtain the distance of 
the ship from each of the two shore sta­
tions, it is necessary to measure the phase 
difference at three places, aboard ship and 
at each shore station. As long as the ship 
remains fixed i n location the phase rela­
tionship between the two sig nals will not 
cause the dials to turn, but if the ship is 
moved, the phase relationship wi ll change 
during the move which will cause the 
dials to turn and change the distance 
readings. 

Four radio transmitters and frequencies 
are required to operate the system, the 
two distanc e measuring frequencies and 

FIG. ~ .--R aydist Phasemeter, 
section of Reco rder tape has 
been placed betueen the dial s 
to shou the printed readings. 
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3 

two additional frequencies for a trans­
mitter at each shore station to transmit 
the information concerning the phase re -
lationship at the fixed station back to the 
ship. In referring to the shore or fixed 
stations, the station with the distance 
measuring transmitter is called the R - 1, 
or ''Red,'' station, and the other is called 
the R-2, or "Green,'' station. 

Because it is difficult to measure phase 
directly at the radio frequencies the tech­
nique of heterodyning is used. This is a 
technique wherein if two radio signals are 
fed into a detector the issuing signal will 
have a frequency that is equal to the dif­
ference between the frequencies of the 
entering signals and will portray the phase 
changes that take place between the enter­
ing signals. In the Raydist the entering 
signals are separated by 400 cycles and 
after detection this frequency is fed into 
a phasemeter. Low frequency phasemeters 
are easier to build and are less critical 
than are those for the higher frequencies. 
This heterodyne technique enables the 
measurement of the phase of the high 
frequency signals to be made at a low 
frequency without a sacrifice in accuracy. 

The distance from the ship to the Red 
station is measured by comparing the 
phase of the transmitter on the s h ip to 
the transmitter at the Red station. Dis­
tance is measured by knowing how many 
half-wave lengths of transmitter frequency 
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are between the shore station and the ship. 
Once this number is known and the phase­
meter dial set to this value, the Raydist 
system keeps count of the number of 
half-wave lengths as the ship moves. 
These half-wave lengths are known as 
lanes and for the frequencies used in the 
Raydist aboard the Hydrographer are about 45 
meters or 150 feet wide. 

The ship and the Red station trans­
mitters are crystal controlled. There is, 
however, a small change in phase with 
respect to each other since they are not 
phase-locked. The phase of the two trans -
mitters are compared at the Red station 
and the phase information in the 400-cycle 
difference frequency is relayed back to 
the ship on one of the carrier frequencies. 
At the same instant the two transmitter 
frequencies are compared on the ship and 
the phase information appears in this 
400-cycle difference in their frequencies. 
These two 400-cycle signals represent 
the difference in phase at each end of the 
R-1 line being measured. The arbitrary 
difference between the two transmitters, 
which may be the result of small fluctua­
tions in frequency, are equal at each end 
of the line and hence cancel. The phase 
difference which do appear, and are used 
to turn the phasemeter dials, are the 
result of changes in phase caused by a 
change in the R-1 distance between the 
ship and the shore station. 

In the range-elliptical Raydist system 
the R-2 distance is not measured direct 
but is derived from knowledge of the R-1 
distance and the sum of the R-1 and R- 2 
distances. Measuring the R-2 distance in 
this manner prevents having to use more 
than four radio frequencies and helps to 
simplify the system. The phase of the 
ship and the Red station transmitters is 
compared at the Green station and the 
information is relayed back to the ship 
on the carrier frequency at that station. 
At the same instant the ship and the Red 
station transmitters are compared on the 
ship and the phase differences appear in 
the 400-cycle difference. The two 400-
cycle signals are put into an elliptical 
phase resolver. The shaft position of this 
resolver is related to the sum distances 
R-1 and R-2. By combining the distance 
information from the Red station phase­
meter with the elliptical resolver and by 
a proper gearing arrangement the Green 
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phasemeter dial reads only the value R-2, 
or a direct distance to the Green station. 

The inter-relation of the R-1 and R-2 
distances as it affects the R-2 distance 
is discussed further when dealing with 
the operation of the equipment. More 
information about the manner in which 
the R-2 distance is measured is also 
given in the section concerning the antenna 
installations aboard ship. 

The radio frequencies used in the 
Hydrographer's Raydist system were 3280.000 
kc. aboard ship, 1639.800 kc. as the dis­
tance measuring frequency at the Red 
station, and 249 2 kc. and 249 6 kc. as the 
carrier frequencies. Before feeding the 
1639.8 kc. signal into the detector the 
frequency is doubled to 3279.600 kc. so 
that it is 400 cycles less thanthe 3280.000 
signal. 

Fixed Station Installations 

At the Red station three antennas are 
required, one for receiving the distance 
measuring frequencies (3280 kc. and 1639.8 
kc.), one for transmitting the 1639.8 kc. 
signal, and one for the carrier frequency 
transmitter (either 2492 kc. or 2496 kc.). 
In 1957, three 100-foot tower antennas 
were used. They were placed in a south­
east-northwest line with 250 feet between 
adjacent antennas. The center antenna was 
placed over the triangulation station mark­
ing the point from which the distances 
were measured. When using three tower 
antennas, it is necessary that the receiving 
antenna and the 1639 .8 kc. transmitting 
antenna be symmetrical with respect to 
the point from which distance is measured 
in order to avoid applying corrections to 
the R-1 distance as the azimuth of the 
ship from the shore station changes. This 
condition was fulfilled by using the south­
east tower for the receiving antenna and 
the northwest tower for the 1639.8 kc. 
transmitting antenna. The 2492 kc. trans­
mitter was placed over the station mark. 
However, the use of three tower antennas 
arranged in this manner requires that a 
correction be applied to the R-2distances. 
This is due to the fact that the R-1 dis­
tance in the sum of the R-1 and the R-2 
distances used in measuring the. R-2 dis­
tance is measured from the ship to the 
1639.8 kc. transmitting antenna, while the 
R-1 distance subtracted from this sum in 



the phasemeter is the distance from the 
ship to the mark denoting the location of 
the station, or the point midway between 
the 1639.8 kc. transmitting antenna and 
the receiving antenna. 

In 1958, the antennas at the Red station 
were rearranged so that an azimuth cor­
rection to the R-2 distance would no 
longer be necessary. This was accom­
plished by placing a 35-foot whip antenna 
on top of the 100-foot tower antenna for 
the 1639.8 kc. transmitter and placing the 
duplexed antenna over the mark denoting 
the station location. The 249 2 kc. trans -
mitter was then shifted to the southeast 
of the three antennas. The position of this 
latter antenna has negligible effect on the 
distance measurement as long as it is in 
the immediate vicinity of the station. 

Two 100-foot tower antennas are re­
quired at the Green Station. The antenna 
for receiving the 1639.8 kc. and the 32,80 
kc. signals was placed over the mark 
denoting the location of the station and the 
antenna for transmitting the carrier fre­
quency, either the 2492 kc. or 2496 kc. 
transmitter, was placed about 250 feet 
distant. The distance is measured from 
the receiving antenna and the placement 
of the transmitting antenna has negligible 
effect on the distance as long as it is 
placed in the immediate vicinity of the 
station. 

Ground planes with a radius of 100 feet 
were placed around each tower antenna. 
Care should be exercised to maintain the 
ground planes intact and well bonded. The 
Raydist will ope rate with considerable 
radio interference present, but it is well 
to keep down interference from all condi­
tions over which there is control. 

The Raydist components for the fixed 
stations are relatively small in size and 
are easily transported. They should be 
treated as a delicate instrument for rough 
handling may cause a loose connection 
or other damage which will be time 
consuming to find and repair. The com­
ponents are installed at the bases of the 
antennas rather than in a central shelter. 
In 1957, the shelters constructed for the 
components were too small to permit the 
entrance of a technician for servicing the 
equipment, and they were not ventilated. 
In 1958, the size of the shelters was 
increased to 4 feet square by 6 feet high 
and louvers were installed for ventilation. 
They proved to be satisfactory. 
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Both shore stations were equipped with 
voice radios operating on 4160 kc. for 
communication with the ship. This is one 
of the frequencies assigned to the Coast 
and Geodetic Survey. 

Potcer Supply.--The Raydist operates on 
115-volt, 60-cycle, alternating current; 
950 watts of power are required at the Red 
station and 700 watts at the Green station. 
The accuracy of the distances portrayed 
on the Raydist dials depends on continuity 
of operation after the ship leaves the point 
at which the dials are set, so reliable 
power is a necessity. A power failure at 
either shore station or aboard ship means 
that the dials denoting distance fail to turn 
while the ship continues to move. This 
often means that the ship has to return 
to a calibration point unless the power 
comes back on almost immediately and 
the missing lanes can be computed by 
time and distance methods. 

Commercial power was used at both 
shore stations, and an auxiliary generator 
was installed at the Green station. Several 
times, when the power failed at this sta­
tion, the generator was started in sufficient 
time to permit carrying the lane count 
forward and continuing the hydrography. 
It is desirable that each shore station 
has an auxiliary generator, if the com­
mercial power is subject to frequent 
failure. When portable generators are 
used, a standby generator should be ready 
to start on short notice. 

The lines carrying power to the Raydist 
components should be of sufficient size 
so that the voltage dTop will not be ex­
cessive. At the Red station in 1957, the 
commercial power would frequently drop 
to a relatively low voltage and it was 
found that No. 16 wire would not provide 
the necessary voltage at the components. 
In 1958, the wire size was increased to 
No. 10 and no more treuble was e~e­
rienced from this source. If there is much 
fluctuation in the voltage, a constant­
voltage control should be used. 

Shipboard Installation 
Three 35-foot whip antennas are re -

quired aboard ship. Two receiving an­
tennas, one for the 1639.8 kc. and 3280 
kc. signals and the other for the 249 2 kc. 
and 2496 kc. signals, were placed on 
either side of the top of the foremasi. 
The antenna for transmitting the 3280 



kc. signal was placed on top of the main­
mast. To produce a stronger transmitted 
signal a 20-foot section of 1-1/2-inch 
aluminum pipe was attached to the top of 
the mainmast with insulated brackets, the 
top guyed, and the antenna secured in the 
end of the pipe. The top of this antenna 
was about 9 5 feet above the water and the 
receiving antennas were several feet 
lower. 

The 3280 kc. transmitter was placed in 
the wardroom which is directly under the 
mairunast. This component is moderate in 
size and easily fits against the wall. The 
remaining equipment was placed in the 
plotting room aft of the bridge. 

The equipment placed in the plotting 
room consisted of the Navigator, Power 
Supply, Monitor, Phasemeter, and Brush 
Recorder. The Navigator, the largest 
piece, is about 14 by 24 by 30 inches. Its 
function is to receive the radio signals 
from the shore stations and the 3280 kc. 
ship transmitter, and from them produce 
the 400-cycle current for the phasemeter. 
The Power Supply converts the 115-volt, 
60-cycle alternating current from the 
main power supply to the voltages used 
in the equipment. The ship's Raydist 
equipment requires 1.3 kilowatts of power. 

The Monitor is used to measure the 
frequency of the 400-cycle signals and to 
listen to the tone of these signals. Its 
hook-up is so arranged that it can be 
switched to the 400-cycle difference fre­
quency emanating from either the Red 
station, the Green station, or aboard ship. 
This is a very useful function especially 
when radio interference is present or the 
power fails at one of the shore stations. 
The frequency of the 400-cycle signal is 
usually held between 390 and 410 cycles. 
If the frequency exceeds these limits the 
frequency of the 3280 kc. transmitter 
aboard ship is changed slightly to bring 
the value within: the correct limits. The 
Pb.asemeter converts the phase differences 
in the 40b-cycle difference frequency sig­
nals into half-wave length lane readings 
that register on its dials. The Brush 
Recorder, as used in the Raydist system, 
makes an inked record on a special tape of 
the lane changes shown on the phasemeter 
dials. It is especially useful when inter­
ference, or other causes, makes the dials 
ope rate erratically. 
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In addition to the basic Raydist com­
ponents, a Recorder is used to print the 
phasemeter dial readings when fixes are 
desired. In 1957, a Clary Recorder was 
used. The connection between the phase­
rneter and this recorder required a large 
panel of electronic components; while the 
recorder worked well it was believed that 
a more simple arrangement would be as 
effective. In 1958, a Hewlett-Packard 
Printer was used. With this printer a 
mechanical-electrical sensing unit placed 
in the phasemeter provides the electric 
impulses for the printer. The rigid cou­
plings between the shafts in the phase­
meter and those on the sensing units gave 
some trouble and had to be replaced with 
flexible couplings, otherwise the printer 
gave very little trouble. One disadvantage 
with this printer was that it had a tendency 
to print erroneous figures when the reading 
ended in 0.9 lane. To guard against this 
defect it was necessary for the operator 
to compare the dial readings on the fix 
with the printed figures. The printer 
recorded up to 9999 lanes to the nearest 
0.1 lane. In 1959, a Clary Recorder will 
again be used, but it will be operated from 
Coleman Digitizers installed in the phase­
meter. 

In 1957 the shipboard components were 
placed on temporary shelves. During the 
winter of 1957-58 they were placed on 
permanent mountings in the plotting room. 
A shelf was built along the starboard side 
of the room, 29 inches above the deck, 
projecting out 28 inches from the inside 
edge of the 2 inch house framing, and 
extending 8 feet forward of the after 
bulk.head. The phasemeter is mounted on 
a stand 12 inches high at the forward end 
of the shelf, where the dials are easily 
visible to the Raydist reader and to the 
officer at the plotting table. The Brush 
Recorder is mounted in front of the phase­
meter on a small shelf dropped 5-1/2 
inches below the main surface and under 
a cut-out section 16 inches long and 8 
inches wide. This makes it easy to write 
on the tape as it comes out of the recorder 
at table level. Then the tape runs along 
the tabletop for about 16 inches, under a 
removable plastic cover, before passing 
through a slot and onto an automatic 
winding reel fastened to the bottom of the 
shelf. The printer for the dial readings 
is mounted aft of the phasemeter on a 



platform several inches above the table­
top. The monitor for the Raydist is mounted 
on a small bracket over the phasemeter. 
The power supply is mounted under the 
shelf and the navigator just forward ofthe 
shelf. 

The Raydist equipment takes up the 
forward 3 feet 9 inches of the shelf and 
the after part is used to mount two echo 
sounders, one on the starboard bulkhead 
and one on the after bulkhead. The electric 
clock, electric timer for soundings, 
switches for echo-sounder circuits, etc., 
are mounted in the corner between the 
echo sounders where they are readily 
a v ailable to the recorder . F i gure 3 is a 
photograph of the installation. 

The electric t imer used for hydrography 
is so connected that it will mark the Brush 
Recorder tape and the fathogram and will 
cause the printer to operate. In order to 
do this the bell in the timi ng circuit had 
to be changed from a buzzer to a clapper 
type bell and a switch installed so that 
the recorder could select which sounding 
interval was to be used as a fix. Switches 
were also installed making it possible for 
the Raydist reader to cause the printer 
to print without depending on the recorder. 

Radio Signals 

It is necessary that the radio signals 
emitted by the four transmitters be re­
ceived continuously if the lane count as 
portrayed by the phasemeter is to remain 
correct. Momentary breaks in the radio 
reception may not be harmful, but breaks 
of any considerable length will require 
resetting of the phasemeter dials at a 
known point, except in cases where the 
loss, or gain, of lanes can be computed. 

When the first trial trip was made to 
test the Raydist it was found that the 
2492 kc. and 2496 kc. transmitters at the 
shore stations were interfering with the 
reception of the 1639 .8 kc. and 3290 kc. 
s i gnals . This wa·s evidenced by the in­
s t ability of the phasemeter aboard · shi p , 
especially the R-2 dial for the ship was 
about 150 miles from the Green station. 
Filters were added in the receiving cir­
cuits at the shore stations to correct the 
trouble. 

In 1958, a duplexed antenna was used 
at the Red station, a l 00-foot tower 
antenna to transmit the 16 39 .8 kc. signal 
and a 35-foot whip antenna on top of the 
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FIG. 3, - -Raydist and echo-sounde r installation aboa rd ship 
H ydr<>Qrap her in 1958. 

tower to receive the 3280 kc. and 1639.8 
kc. signals. To get satisfactory results 
from the duplexed antenna, it was neces­
sary to decrease the percentage of modu­
lation and signal strength of the 2496 kc. 
transmitter at this station. This lessened 
the strength of the signal received aboard 
ship to the point where it did not have 
satisfactory strength at a distance of l 00 
miles. A second filter was then installed 
and the percentage of modulation and 
signal strength were increased to satis -
factory levels. The signal strength of the 
1639.8 kc. signal from the Red station 
was the same in 1958 as in 1957. During 
the first year, it was unusual for outside 
interference to affect the measurement 
of distance as shown by the R-1 distance 
dials in the phasemeter . In 1958, however, 
interference from outside sources and 
from atmospheric conditions was notice -
able and it was found that a useable signal 
was not received from the Red station at 
a d i stance of 175 miles. While at the same 
time a strong signal was received from 
the Green station at a distance of 225 
miles. Therefore, if the Raydist is to be 
used at distances of over about 125 to 150 
miles from the Red station, the antennas 
at that station should not be duplexed. 

Aboard ship with the two receiving 
antennas on the foremast and the trans­
mitting antenna on the mainmast, a cor-



rection is applied to the R-1 and R-2 
distances as the angle between the ship's 
head and a line to either shore station 
changes. This is due to the eccentricity 
of the antennas from the mean point of 
radio emission and transmission. (This 
is discussed below.) To eliminate this 
correction it would be desirable to move 
the transmitter antenna from the main­
mast to the foremast and to duplex it with 
the 1639.8 kc. receiving antenna. Signal 
strength measurements made aboard ship 
indicate that it might be feasible to do 
this, but it was not attempted in 1958 due 
to the distance from the shore stations at 
which the ship was working. 

In addition to the frequencies of 3280 
kc. and 1639.8 kc. which determine the 
width of the half-wave length lanes por­
trayed on the phasemeter dials, two other 
frequencies are needed to transmit the 
400-cycle beat signals back to the ship 
from the shore stations. On the Hydrographer 
frequencies of 2492 kc. and 2496 kc. were 
used for this purpose, but other frequen­
cies · could be used without affecting the 
length of a half-wave lane. At the beginning 
of the 19 57 season, the 2496 kc. transmitter 
was at the Green station, Southwest Harbor, 
Maine. In this location the local fishermen 
reported that the transmitter caused inter­
ference with the receipt of messages from 
the Boston Marine Operator broadcast on 
a frequency of 2505 kc. To lessen this 
interference the 2496 kc. frequency was 
interchanged with the 249 2 kc. transmitter 
used at the Red station, Wellfleet, Mass. 
Both frequencies are crystal controlled, 
but it is possible that the receivers used 
aboard the fishing boats were not selective 
enough to filter out a signal only 9 kc. 
away from desired signal. The 2492 kc. 
transmitter still caused a minor amount 
of interference in the vicinity of Southwest 
Harbor. 

Interference on any of the four radio 
frequencies used in the Raydist system 
will affect the operation of the lane counters 
in the phasemeter. In the Hydrographer's sys­
tem, interference from other radio trans­
missions appeared to be confined princi­
pally to the 2492 kc. and 2496 kc. bands. 
These frequencies appear to have con­
siderable use by agencies other than the 
Coast and Geodetic Survey. None of the 
other users of these bands appeared to be 
nearby, but at times when the skywaves 
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would permit signal reception from distant 
points the interference on these bands 
would often be the deciding factor as to 
whether the Raydist could continue to be 
used because of uncertainty in the lane 
count. With the monitor switched to the 
shore station using the 2496 kc. carrier 
frequency it would often be possible to 
hear the signal from the Boston Marine 
Operator on the 2505 kc. frequency almost 
clearly enough to make out the words. 
Interference of this type did not appear 
to affect the Raydist as long as the Raydist 
signal being received aboard ship was 
strong and steady. 

Groundwaves and Skywaves.--R a yd is t i s a 
phase-measuring system and normally it 
operates by reception of the groundwave 
transmitted from the various radio trans­
mitters to the receivers. If the skywave 
i s received, it will be out of phase with 
the groundwave and the phasemeter will 
react to this difference in phase. In the 
area where the Hydrographe r was working 
the distance to the Green station was 
about 150 miles and the skywave would 
normally begin to be received shortly 
after sundown and would continue to come -
in until sunup. The interference caused 
by the skywave would depend on the rela­
tive strengths of the groundwave and the 
skywave. With the groundwave still coming 
in stronger than the skywave the phase­
meter dial pointers will oscillate thrm.igh 
an arc that increases in size with the 
strength of the skywave, but usually will 
not exceed about a half lane. With further 
increase in the strength of the skywave 
as compared to the groundwave the size 
of the oscillations increases. If the sky­
waves are coming and going, the dial 
pointers may oscillate through a full l ane 
or more and still return to the correct 
lane count. When the oscillations reach 
this size, extra lanes will frequently be 
added or subtracted from the lane count, 
and then a few moments later the lane 
count may be corrected. A continuous 
skywave signal stronger than the ground­
wave signal gives such erratic operation 
that it is impossible to keep track of the 
lane count. One night in 1957 , prior to 
adding the first set of filters at the shore 
stations, skywave conditions caused the 
dial indicating the R-2 distance to add 
106 lanes in a space of several minutes. 
Normally the e:>...'tra lanes are added or 



subtracted one or two at a time, although 
the total can be considerably more than 
this. 

The working grounds on Georges Bank 
are about 100 miles from the Red station 
and 150 miles from the Green station. 
During daylight hours and normal weather 
conditions the groundwave strength was 
sufficient to keep the dials locked to the 
proper lane count. In 1957 the R-1 dial 
pointer was very steady, but in 1958 after 
duplexing the antennas at the Red station 
the dial pointer was less steady, that is, 
it had movement other than that related 
to the movement of the ship. In both years 
the R-2 dial pointer was less steady than 
the R-1 dial and it was not unusual for it 
to oscillate through an arc of several 
tenths of a lane. There was usually no 
question of any loss of R-2 lanes due to 
this movement but it does show the lessen­
ing strength of the groundwave with in­
creasing distance. 

On normal days the coming of darkness 
meant the beginning of skywave reception. 
Their effect would usually begin to be 
noticed one or two hours after sunset, 
although on some days the effect seemed 
to appear with the disappearance of the 
last rays of the sun. If the lane count 
could be carried through this initial period 
of skywave interference, the Raydist would 
often settle down and operate with normal 
stability for sev eral hours longer. The 
nights when the lane count could be carried 
past midnight were very limited in number. 
In 1957, there were only four nights when 
the Raydist continued to operate the entire 
night, and in 1958 there were an equal 
number. On only one of the nights in 1957 
and on two nights in 1958 there were no 
gains or losses of lanes during the night. 
A point of interest in this connection is 
that one of the nights of continuous op­
eration occurred in September 1957 on a 
night when the northern lights were very 
prominent and normal radio reception was 
very poor. The good Raydist conditions 
on this night could be due to the fact that 
the northern lights canceled out the sky­
waves and the reception of other radio 
signals from di st ant points. In 19 5 7, the 
best conditions for night operation came 
in September, while in 1958 they occurred 
earlier in the year. 

On the working grounds the phasemeter 
dials had to be set by visual methods, so 
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if the lane count was lost at night survey 
operations could not be resumed until 
daylight. Frequently when the Raydist was 
left turned on after survey operations had 
ceased due to loss of the R-2 lane count, 
it was noted that often after a burst of 
skywave activity the groundwave would 
then come in strong and the R-2 dial 
would be relatively stable, while at other 
times the skywave effect would be present 
all night. On most mornings the skywave 
effect would be noticeable right up to the 
time the sun came up over the horizon, 
with frequently an especially bad burst 
of activity a few minutes before sunrise. 

The effect of the skywave interference 
was noticed principally in the R-2 distance, 
and it was rare for the R-1 dial to lose 
or gain lanes even with the R-2 dial 
inoperative due to the skywave effect . 
The distance to the Green station was 
about 150 miles as compared to 100 miles 
to the Red station and this was probably 
the principal cause of the disparity in dial 
action. If the distance to the Green station 
had been not over 100 miles, it is likely 
that the Raydist would have kept the R-2 
lane count on more nights. To make the 
R-2 dial comparatively as stable as the 
R-1 dial the distance between the shore 
stations would have to be decreased to 
about 100 miles, in place of the 165 miles 
used in 1957 and 1958. This is because 
the 1639.8 kc. signal transmitted at the 
Red station is received at the Green 
station. Also, the R-2 distance signals 
have to travel along all three sides of the 
triangle as compared to only one side for 
the R-1 signal, and the path from the Red 
to the Green station is usually close to 
land where propagation conditions are 
poorer than over water. If no distance in 
the Raydist net exceeded 100 miles it is 
possible that the survey ship could operate 
24 hours a day on most days without 
having the skywaves interfere with the 
lane count. 

At the end of the 19 58 survey season 
the distance to the Green station had 
increased to about 175 miles. In the 
daytime the R-2 signal was very strong. 
At night the conditions were quite similar 
to those for shorter distances, except for 
one week when the radio reception condi­
tions were poor for the Raydist and the 
hours of operation were restricted almost 
exactly to the daylight hours. 

• 



Interference. --The monitor, located aboard 
ship, besides giving the frequency of the 
400-cycle difference frequency can also 
be used to listen to the 400-cycle signal 
as originated at the ship or at either 
shore station. It is normally kept turned 
to low volume or turned off, but when 
action of the phasemeter dials or the 
pens on the Brush Recorder indicate 
interference it is turned up to an audible 
volume. The quality of the tone will then 
help locate the source of the interference. 
Skywave interference produces a distinc­
tive beat note that is easily recognizable, 
precipitation static has a steady crackling 
noise, and interference from other radio 
broadcasts i s readily apparent. No tone 
means loss of power or equipment failure. 

The passage of a weather front, or 
thundershower conditions, will cause 
interference with the Raydist. It is worse 
to have the center of the disturbance in 
the vicinity of either the ship or one of 
the shore stations, but it may also cause 
trouble if the disturbance is along any one 
of the radio paths . The monitor will indi­
cate the presence of a disturbance by a 
crackling static noise when it is turned 
up in volume. Aboard ship the possibility 
of interference frequently can be detected 
on the radar. Some times the rain clouds 
as seen on the radar will cause inter­
ference and some times not, but the 
chances are that they will, especially if 
rain is falling on the ship. A steady rain 
without heavy static does not appear to 
have any adverse effect, although the 
beginning of the rain may cause inter­
ference. The type of interference produced 
by precipitation static is similar to that 
produced by turning the power off, the 
dials stop turning except for an occasional 
waver. The condition may last for a few 
minutes or several hours. The normal 
condition is a coming and going condition 
where the Raydist is off and on several 
times in a period of an hour or so. 
Usually when precipitation static causes 
a loss of lane count, it is necessary to 
run an hour or more to a calibration 
point. Frequently the Raydist can be 
recalibrated on arrival at the point, but 
often it is necessary to anchor and wait 
for the atmospheric conditions to improve. 

One other type of radio interference 
that should be mentioned is a special 
condition wherein the ship is operating 
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near one of the shore stations. In 1957 
and •early 1958, it was noted that after 
calibrating the Raydist dials northwest of 
Provincetown on Cape Cod (see fig. 1) the 
R-2 dial would frequently lose lanes when 
the ship passed to the eastward of Cape 
Cod Light and the path from the ship to 
the Red station was principally over 
water. The interference was attributed to 
a large radar station on the northeast end 
of the cape. 

The real reason for the loss of R-2 
lanes was discovered one morning in 
1958 when the ship was brought to a p oint 
about fiv e miles east of the Red stat ion 
to calibrate the Raydist prio r to making 
a run offshore to determine another posi­
tion on the Texas Tower. This particular 
morning no signal could be received from 
the Green station. The equipment aboard 
ship and at the Green station was check ed 
for defects and none were found. The 2496 
kc. transmitter at the Red station was 
then turned off and with it off the 400-cy cle 
difference signal as transmitted by the 
2492 kc. transmitter at the Green station 
came in loud and strong on the Monitor. 
The source of the trouble was the strong 
signal from the nearby 2496 kc. trans­
mitter feeding through the filter in the 
R-2 circuit and causing the automatic 
v olume c ontrol to ope rate and to blank 
out the weaker 2492 kc. signal comi ng 
from the Green station. The condition 
was remedied by having the operator at 
the Red station drastically decrease the 
percentage of modulation of the 2496 kc. 
transmitter, and then to increase it a gain 
in steps as the ship proceeded away from 
the station. If the survey ship is to operate 
frequently in the vicinity of one of the 
shore stations, some easy method should 
be provided for decreasing and a gain 
increasing the strength of the carrier 
frequency signal. 

Lane Width and Distance 

In the DM-Model Raydist used on the 
Hydrographer the transmitter aboard ship 
determines the width of an R-1 lane , or 
half-wave length. For a frequency of 
3280.000 kc. the lane width is 149.87307 
feet, which is obtained by dividing the 
velocity of propagation of the radio wave, 
983,167,315 feet per second, by 3,280,000 
and then dividing the quotient by 2. 



The R-2 distance and the width of an 
R-2 lane are complicated by the fact that 
an elliptical method is used to measure 
the sum of the R-1 and R-2 distances, 
and then the R-1 distance is subtracted 
in the phasemeter. In 1957, the manu­
facturer stated that the length of an R-2 
lane was 149.836 feet, but in the winter 
of 1957-58 a recomputation was made 
and the following formula derived: 

R-2 distance (in feet)= 149 .87 307 Pg+ ( 1) 
0.00012 (R-1 - R-2) 

where 

Pg = phasemeter reading of the 
Green station in lanes 

R-1 = distance to Red station in feet 
R-2 = distance to Green station in 

feet 

The above formula is difficult to use 
in the field, but it can be reduced to 
another form that allows a correction 
to be computed when the ship moves 
from the calibration point, where the dials 
are set, to any other point. The correction 
formula is 

X =+0.00012 [(Pr11 -Pr1 )- (Pg11 -Pg')](2) 

where 

X = R-2 correction in lanes 
Pr" = phasemeter dial reading of 

Red station at the calibration 
point 

Pr' = phasemeter dial reading of 
Red station at the desired 
point 

Pg"= phasemeter dial reading of 
Green station at the calibra­
tion point 

Pg ' = phasemeter dial reading of 
Green station at the desired 
point 

The correction formula is used with a lane 
width of 149.87307 feet, the same as for 
the R-1 distance, and no correction is 
applied when the dial is set at the calibra­
tion point. 

The correction formula can be derived 
by consideration of the elliptical method 
used to measure the R-2 distance. In the 
sum of the R-1 and R-2 distances the 
R-1 distance is measured by the 1639.8 
kc. frequency, doubled to 3279.600 kc. 
and transmitted from the Red station to 
the ship. This is 400 cycles less than the 
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effective frequency of 3280.000 kc. used 
to measure the R-1 distance that is sub­
tracted in the phasemete r. 

The R-2 distance in the sum of the R-1 
and R-2 distances is measured directly, 
but by an effective frequency of 3280.400 
kc., which is 400 cycles larger than the 
frequency used to compute the lane width. 
The 3280.400 kc. frequency results when 
the 3280 kc. signal received at the Green 
station is transmitted back to the ship as 
a 400-cycle difference frequency. Com­
puting the correction is a matter of pro­
portion and the factor 0.00012 is the 
quotient when 400 is divided by 3,280,000. 

No attempt was made to determine the 
maximum distance at which usable signals 
to operate the Raydist could be obtained. 
As mentioned previously a usable signal 
was obtained from the Green station at a 
distance of about 225 miles, but at the 
same time the Red station signal was not 
usable at an R-1 distance of 175 miles 
due to having duplexed antennas at the 
Red station. The Decca navigation system 
charts carry notes to the effect that the 
position accuracy is doubtful beyond a 
distance of about 240 miles from the 
network stations. It is believed that some­
what the same limitation would apply with 
Raydist. Under good conditions it was 
determined that the Raydist operations 
are not seriously curtailed by increasing 
distance, but when radio wave propagation 
conditions are below normal, distance has 
an adverse effect. 

Shipboard Origins of Distances 

The point aboard ship from which the 
R-1 distance is measured is midway 
between the 3280 kc. transmitter on the 
mainmast and the 1639.8 kc. and 3280 kc. 
receiving antenna on the foremast. On the 
flydrographer the distance between the masts 
is about 100 feet, or 0 . 7 Raydist lane, so 
the origin point for the R-1 distance is 
0 . 35 lane aft of the foremast. 

The origin of the R-2 distance cannot 
be defined as a single point, but must be 
expressed in a formula. This is due to 
the elliptical method used to measure 
the R-2 distance and because the R-1 
distance is subtracted in the phasemeter. 
The formula for the R- 2 origin point is 
best expressed as a correction formula 
to reduce the R-2 distances as indicated 
by the phasemeter dial to what they would 



be if they were measured from the fore -
mast. The formula is 

Y = 0.35 cos (SH- Ar) -0 .1 cos (SH - Ag) (3) 

where 

Y = R-2 correction in lanes 
SH= ship's heading by gyrocompass 
Ar = azimuth from ship to Red sta-

tion 
Ag = azimuth from ship to Green 

station 

As stated above, the R-1 distance in the 
sum of the R-1 and R-2 distances is 
measured to the foremast, while the R-1 
distance subtracted in the phasemeter i s 
measured to a point midway between the 
masts, and R-2 distance is measured to 
the mainmast. These various origin points 
are reduced to the foremast by the for­
mula. 

RA YDIST-CONTROLLED HYDRO­
GRAPHIC SURVEYS 

Of prime concern when using electronic 
equipment to control hydrographic surveys 
is instrument reliability. The Raydist 
appears to be reliable and stable and to 
give long periods of trouble-free opera­
tion. It is necessary though, to pay atten­
tion to small details. Any type of inter­
ference will affect the stability of the lane 
count, and even though the interference 
itself may not be of sufficient magnitude 
to cause skipped lanes it will hasten the 
time when other interference will do so. 
In 1957, the Electronic Position Indicator 
was also used at the shore stations. At 
the Red station a relay switch was in­
stalled to permit a rapid change of one 
tower antenna from the Raydist to the 
EPI circuits. The relay connection was 
satisfactory, but the arrangement of the 
leads and the disposal of the surplus end 
wire was not, and this connection gave 
trouble until it was r emoved. Later on it 
was replaced in a satisfactory manner 
and gave no further trouble. 

The failures of the component parts 
during the two seasons of use were limited 
in number and mostly of a minor nature . 
The potentiometers in the phasemeter 
that furnish the power to operate the 
Brush Recorder gave some trouble and 
had to be replaced. The need for new 
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potentiometers is indicated by a poor 
record on the Brush Recorder tape and 
the failure of rapid spinning of the phase -
meter dials to correct the trouble. The 
manufacturer indicated, early in 1959, 
that it was testing a new potentiometer 
which seems more serviceable and less 
expensive. If they prove successful, the 
Hydrographer's Raydi st will be equipped with 
these units. 

In May 1957, the manufacturer assigned 
two of its technicians to help install the 
Raydist equipment at the shore stations 
and aboard ship. When survey operations 
began one technician sailed to the working 
grounds with the ship. In addition to giving 
personal instruction to the Coast and 
Geodetic Survey electronic technicians 
aboard ship, he was available for con­
sultation by radio with the technicians at 
the shore stations. Before he returned to 
his company in the middle of September, 
he spent one 10-day trip to sea running 
an instruction school for the shipboard 
technicians, then just prior to leaving he 
visited each shore station while the ship 
was at sea and serviced the equipment 
and gave instructions to the electronic 
technicians at the shore stations. After 
th e departure of the company technician, 
the electronic technicians attached to the 
ship had no trouble keeping the equipment 
in operating condition. 

Personnel at Shore Stations 

The Raydist at the shore station will 
operate automatically once it is turned 
on and providing the source of power is 
reliable. Since the ship was operating at 
some distance from the shore stations, 
it was deemed advisable to have a man 
on watch at each shore station during the 
time the Raydist was in operation. On 
the Georges Bank project the normal 
hours of operation were from sunup to 
several hours after sundown. Two men 
at each station were sufficient to cover 
this period and not exceed eight hours of 
duty for each man. The normal procedure 
was to have one man come on duty about 
one-half hour before sunrise and then 
have the men on duty continuously for 
sixteen hours. If it was desired to have 
someone on duty later in the night the 
station would be left unattended during 
part of the daylight hours. Also if the 



Raydist should operate during the night 
it would be left unattended. When not in 
use, the transmitters are usually turned 
to a standby position and the other equip­
ment is turned off. 

An electronic technician was assigned 
to each shore station and the second man 
at each station was a seaman from the 
ship. The least experienced technician 
was as signed to the Red station on Cape 
Cod because this station could be reached 
in less time should a condition develop 
that could not be corrected by the as signed 
technician. It is believed that this condition 
outweighs consideration of the fact that 
the Red station has more equipment than 
the Green station. When the seaman was 
on duty th e electronic technician was 
available at his place of residence and 
could be quickly reached. 

The personnel at the shore stations 
are always instructed to inform the ship, 
v ia radio, immediately when anything 
i nterrupts the Raydist operation. A power 
failure of short duration at either station 
may not be readily noticeable aboard ship 
if the ship is turning at the time the 
failure occurs. Also a break in the signal 
from the R-2, or Green, station may not 
be easily recognized aboard ship if the 
ship i s proceeding on certain courses. 
This is due to the elliptical method used 
to measure the R-2 distance and the 
hookup between the R-1 and R-2 dials. 

Checking Shipboard Origin Points 

During the 19 5 7 survey season, there 
was some question as to the location of 
the origin points for the R-1 and R-2 
distances aboard ship since at that time 
the formula previously given in this Bulle -
tin for the R-2 origin had not been devel­
oped. Early in the 1958 field season, a 
t est was made to determine the shipboard 
origins by actual observations. To do this 
the ship was anchored in Provincetown 
Harbor, at the end of Cape Cod, in a 
position where there was a strong three­
point sextant fix. Anglemen were then 
placed on top of the pilothouse and near 
the foremast, and they took angles from 
this position as the ship was swung around 
the anchor. Simultaneous angles and Ray­
dist dial readings were taken for each 
15° increment of gyrocompass heading 
for the entire circle. 
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Each fix was plotted on a 1:20,000 
aluminum-mounted sheet having R-1 and 
R-2 distance circles, in lanes, and signal 
positions. The R-1 and R-2 distances 
we re scaled off and subtracted from the 
observed values to determine dial errors 
on each heading. To take out the initial 
error in setting the dials the errors for 
each dial were meaned algebraically, and 
the mean error subtracted from the indi­
vidual errors . The azimuth from the ship 
to each shore station was scaled from the 
plotting sheet and subtracted from each 
ship heading, to obtain the relative ship 
h eading with the direction to the shore 
station as the initial. 

A curve for each distance was then 
plotted as shown in figure 4, where the 
abscissa is the relative ship heading and 
the ordinate is the distance error. The 
R-1 curve is almost a perfect cosine 
curve with approximately 0.35 lane cor­
rection on relative headings of 000° and 
180°, and with a negligible correction on 
headings of 90° and 270°, as would be 
expected from the previous discussion 
and with the origin point referred to the 
foremast. 

The R-2 curve is similar to the R-1 
curve but in its present form it does not 
tell too much about the original point. 
The R- 2 curve was replotted using polar 
coordinates and the new curve is shown 
in figure 5. In this figure the azimuths 
are supplements of those used in figure 4, 
or azimuths to the Green station relative 
to the ship's head. The radial lines are 
distance errors. 
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FIG. 4, --Distance corrections as related to ship's heading. 
Tests made at Provincetown Harbor, June 4, 1958. 



In figure 5 a circle with a radius of 
0.35 lane can be drawn through the dis­
tance error points. This is the result of 
the 0.35 lane distance between the origin 
points for the R-1 distance as measured 
in the sum of the R-1 and R-2 distances 
and the R-1 distance as subtracted in the 
phase meter, as discussed earlier in this 
Bulletin. At the point where this test was 
made the azimuth to the Red station is 
almost exactly 90° to the right of the 
azimuth to the Green station. The circle 
mentioned above can be drawn when the 
right angle condition exists, but at other 
places the figure will be an ellipse. The 
R-2 curves shown in figures 4 and 5 
agree with the formula given in a previous 
section. 

The correctness of the R-1 and R-2 
correction formulas was also checked in 
another manner. When the ship is on the 
baseline between the Red and Green sta­
tions, as determined by sextant fixes, the 
difference between the sums of the dial 
readings with the saipheaded first towards 
the Red station and then towards the Green 
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station should be equal to the sum of the 
corrections for the two ship headings. 
The sum of the corrections was 1.4 l anes 
which was exactly the difference between 
the sums of the dial readings. 

Corrections to Raydist Distances 

When phase-comparison methods are 
used to measure distance, the instrument 
errors found in shoran and the Electronic 
Position Indicator are not encountered. 
The velocity of propagation of radio waves 
traveling over water are known to within 
a very small percentage of error so once 
the Raydist dials are accurately set there 
is no additional error that is a function of 
the distance. An exception to this would 
be where the · amount of land between the 
ship and the shore station varies from 
place to place. There will be no erro r. if 
the Raydist dials are set under the s ame 
conditions as they are used in the survey. 
Methods used to set the dials at the initial 
point are discussed below. 
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FIG. 5 .--R-2 corrections uh ere 
R-1 st.ation is 90°to right of 
azimuth to R-2 station.Plotted 
azimuths to R-2 station minus 
ship's heading or 360°minus 
azimuths in fig . 4. 



Aboard ship it is desirable, when en­
gaged on large - scale surveys, that the 
distances be measured to the point where 
the transducers for the echo sounders 
are installed. On the Hydrographer, the trans -
ducers are several ship frames aft of the 
foremast so it was decided that all dis­
tances should be corrected to what they 
would be if measured from this mast. 

The correction formulas for distance 
in lanes are 

IV = -0. 35 cos (SH - Ar) (4) 
Y = 0. 35 cos (SH- Ar) -0.7 cos (SH- Ag) (3) 

where 

IV = R-1 correction in lanes 
Y = R- 2 correction in lanes 
Sil = ship's heading by gyrocompass 
Ar = azimuth from ship to Red sta-

ti on 
Ag= a zimuth from ship to Green 

station 

To apply the above corrections would 
be laborious if all course changes neces­
sary to maintain the ship on the sounding 
line were considered, and if minor changes 
in azimuth to the Red and Green stations 
were taken into account. On the Georges 
Bank project the change in azimuth to the 
shore stations was slow, as evidenced by 
the flatness of the distance arcs, so a 
mean azimuth for each hydrographic sheet 
could be used without introducing appre­
ciable error. The ship's head was taken 
as the azimuth of the guideline for the 
sounding line being run. Figure 6 shows 
a table of corrections for one of the 
survey sheets. 

Two additional corrections may be nec­
essary for the R-2 distance. One of these 
is due to the way the antennas are ar­
ranged at the Red station. With the duplexed 
antenna as used in 1958, no correction is 
necessary. With the three antenna arrange­
ment used in 1957, a correction is neces­
sary and it will be 

Z = d cos (As - ilt) 

where 
Z = correction to R-2 distance in 

lanes 
d = distance in lanes between 

1639 .8 kc. broadcasting antenna 
and Red station mark 

At = azimuth from station mark to 
antenna 

As = azimuth from station mark to 
ship 

( 5) 
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Figure 7 shows the correction figure 
for these corrections. It should be noted 
that the curve bas been drawn so that the 
abscissa is the azimuth from the ship to 
the shore station rather than the reverse. 

In 1957 when the Raydist was received, 
the manufacturer indicated that the posi­
tion of the 1639.8 and 3280 kc. receiving 
antenna at the Red station determined the 
size and sign of the R-2 distance correc­
tion, in place of the transmitting antenna. 
The change in antennas has no effect on 
the size of the correction but it does 
change the sign. All surveys made in the 
1957 survey season were affected by this 
change in the sign of the correction. 

The other R-2 correction results from 
~he elliptical manner in which the R-2 
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FIG. 7.--Corrections for eccentricity of 1639.B kc. transmitting 
antenna at Red station, as applied to R-2 distance. 

distance is measured and the correction 
is 

X= +0.00012 [(Pr"-Pr')- (Pg" -Pg') ] (2) 

This formula is described under Lane 
Width and Distance, above. This correc­
tion will need to be applied only as the 
ship moves away from the point at which 
the dials were set. In general, these cor­
rections can be neglected while the survey 
is in progress and only used in computing 
the final Raydist distances for the smooth 
sheet. 

Determining Dial Setting Errors 

The Raydist phasemeter is so con­
structed that the distance counters can 
be changed manually in two ways . Each 
dial has a rapid-motion switch that per­
mits the pointer to be moved in either 
direction at high speed. A slow-motion 
switch on the R-1 dial permits one lane 
to be added or subtracted as the knob is 
turned one revolution in the appropriate 
direction. The slow-motion switch on the 
R-2 dial will add or subtract two lanes 
for one full turn of the knob . The slow­
motion knobs are graduated in tenths of 
lanes, but it was found advisable to always 
leave them set at 0.0. 
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The rapid-motion switch on the R-1 
dial will not affect the R-2 dial at the 
beginning and during the rapid movement, 
but when the switch is turned off very 
frequently the R- 2 pointer will add or 
subtract a turn or two because of the 
momentum of the R-1 pointer and the 
elliptical connection in the phasemeter. 
The rapid-motion switch in the R-2 cir­
cuit has no effect on the R-1 dial. The 
slow-Motion switch for the R-1 dial will 
affect the R-2 pointer in the same amount 
as the R-1 pointer is moved, but in the 
opposite direction. The slow-motion switch 
for the R-2 dial does not affect the R-1 
dial. 

Because of the possibility of moving the 
R-2 dial during the setting of the R-1 
dial, it is good practice to always set 
and calibrate the R-1 dial first. On the 
approach to the calibration area both 
dials are moved to approximate values 
by means of the high-speed switches. 
This can take several minutes or more 
if the ship has travelled a considerable 
distance since the Raydist was last used. 
One or more lanes can be put in with 
the rapid-motion switch by using consid­
erable care, but it is often better to use 
the slow-motion switch for this purpose. 

Three methods were used to set and 
calibrate the Raydist dials: three-point 
sextant fixes plotted on a 1 : 20,000 alumi­
nwn mounted calibration sheet; running 
the ship along a distance arc as deter­
mined by gyrocompass bearings to a 
buoy, lighthouse, or other fixed object; 
and circling a buoy, or passing by a Iixed 
object. Regardless of the method used, 
several trial positions were generally 
taken in order to set the dials to approxi­
mate values before taking the observat ions 
to determine the dial setting error. It 
was standard practice never to move the 
dials to a new setting by manual methods 
once the dial error had been determi ned. 
If the dial error as determined was con­
sidered too large, the dial was reset and 
then recalibrated at the new setting, the 
previous calibration being rejected. All 
data for setting and calibrating the dials 
were kept in a bound book. 

To set the dials by use of sextant 
angles, it is best to place the anglemen 
on the flying bridge, relatively nea r the 
foremast. The ship is stopped in the water 
and several trial fixes are taken to set the 



dials to approximate values. Then a series 
of three angle sets and simultaneous 
phasemeter dial readings are taken, the 
ship's heading is recorded for each fix. 
The observed dial readings are corrected 
for the error due to the ship's head and 
for the azimuth correction due to the 
antenna placement at the Red station, if 
applicable. The resulting value is sub­
tracted from scaled distance for the 
three-point fix as plotted on a large-scale 
aluminum plotting sheet. This gives the 
correction to be applied to the dial reading 
to arrive at true distance. If the three 
values fo r each dial do not agree within 
a f ew tenths of a lane of each other, the 
calibration should be repeated. The three 
values are meaned for the final correction. 

To set the dials at a buoy or fixed 
o bject, it is necessary to know the R-1 
and R-2 distances of the object, either by 
scaling from a large scale plotting sheet, 
from an inverse computation for a fixed 
objec t such as a lighthouse, or for a buoy 
by a previous determination by Raydist 
methods. The azimuth, and its comple­
ment, of the distance arc for each station 
at the object location is then scaled from 
the plotting sheet or obtained from the 
inverse computation. To set the dials by 
running along the distance arcs, the ship 
is headed towards the buoy along a line 
that has the same gyrocompass bearing 
as the azimuth of the distance arc, taking 
into account gyro errors. As the ship 
approaches the object or buoy the dial 
is set to the correct reading. When the 
ship is near the object or buoy, and on 
the bearing line, the R-1 dial is read 
three times and the ship's head is also 
noted for it may be considerably different 
from the gyro bearing. With this method 
it is advisable to set the R-1 dial first. 
The safety of the ship being considered, 
it is advisable to be as close to the object 
o r buoy as is practicable. On Georges 
Bank when calibrating on the Texas Tower, 
the ship was always within 0.5 mile of 
the tower before the dials were calibrated. 
The method of computing the dial correc -
tion is the same as for the three-point 
fix method, if the object sighted on is a 
fixed object. For a buoy it is necessary 
to apply a correction for the scope of 
the anchor chain. This method of cali­
brating the dials should only be used when 
the distances from the shore stations are 
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large and the curvature of the distance 
arcs is small . If the curvature in the arcs 
is large, a correction will need to be 
applied . The use of calibration buoys are 
discussed below. 

The method of circling a buoy is prob­
ably the easiest and fastest method of all 
to use. The method passing by a fixed 
object is usually confined to periods of 
limited visibility since normally it is best 
to run a bearing to these objects. To set 
the dials by the circling method, it is 
necessary to have the same knowledge of 
the distances and the azimuths of the 
distance circles as for the method outlined 
above. Since e v ents move rapidly in this 
method, preparation must be made by 
writing down on a sheet of scratch paper, 
for use by the hydrographer who will con 
the ship while observing the buoy bearings 
by pelorus, the azimuth and its supplement 
for each distance arc. With this informa­
tion at hand and as the ship circles the 
buoy at slow speed, the hydrographer 
mans the alidade at the gyrorepeater 
calling out, • 'R-1 bearing l 00° coming 
up,'' as the R-1 bearing is approached 
and, •'Mark,'• when the bearing is reached. 
He then repeats for the R-2, and again 
for the R-1 and the R-2, using the supple­
mentary bearings and completing the 
circle around the buoy. The swing of the 
ship should be checked before each bear­
ing, and if necessary the propeller speed 
should be increased momentarily after a 
bearing to hasten the swing of the ship. 
The dial reading applicable to the bearing 
i s noted at each mark and is recorded 
along with the ship's heading. The dial 
correction is computed as given above . 

The method is the same when using a 
fixed object except that instead of circ ling 
the object it is passed twice, once with 
bearings to the right and again with 
bearings to the left of the ship. The two 
values obtained for each distance should 
check within a few tenths of a lane or 
they should be repeated. 

In the dense and prevalent fog en­
countered on Georges Bank, it was fre­
quently necessary to use a variation of 
these methods. For a buoy that could be 
picked up on the radar, the ship would 
be conned to approach the buoy the same 
as though the buoy were to be picked up, 
that is against the current. With the ship 
stopped and the bow very near the buoy 



the Raydist dials would be set and read, 
the ship's head noted, and an azimuth to 
the buoy taken. A correction was then 
applied to correct the position of the 
foremast to that of the buoy. 

On Georges Bank the dials were also 
set at the Texas Tower in the fog. To do 
this the ship would be headed towards the 
tower by radar on a course normal to 
the R-1 distance arc. As the tower was 
approached the course would be changed 
sufficiently to keep the ship clear of the 
tower but to keep the tower leg in sight. 
Once in sight of the tower it was usually 
not difficult to complete the calibration 
due to the large bulk of the tower. The 
only difficulty was with the strong currents 
in this area . 

When using buoys to set the dials much 
work can be saved, if a procedure is 
followed that permits the buoys to be found 
with a minimum loss of time. The buoys 
could often be picked up on the radar, but 
this was not true when the sea was choppy 
or the buoy had lost its radar reflector. 
The procedure followed was always to 
keep the best lane count possible on the 
phasemeter even though the dial count 
might be lost for a period of time. On 
Georges Bank, the ship was anchored 
after the loss of lane count due to sky-

waves or o ther reasons. Since usually 
only the R-2 lane count was lost, the 
Raydist would be left on until the ship 
ancho red ; during the run to the anchorage, 
usually near a calibration buoy, an effort 
would be made to maintain an approximate 
count of the R-2 lanes. In the morning, 
the Raydist would be turned on before 
heaving in the anchor and the dials reset, 
if necessary to allow for the change in 
position of the ship with reference to the 
anchor during the night. With this infor­
mation available it was usually an easy 
matter to run down the R-1 distance arc 
and find the buoy. If it was foggy it might 
be necessary to run several distance arcs, 
with a spacing depending on the visibility. 
Often the bottom configuration in the 
vicinity of the buoy would be of help. 

If it was necessary to locate a buoy in 
the fog, that could not be picked up by 
radar and the raydist dials were not set 
to approximate values, loran woul d be 
used to obtain an initial position. To do 
this, the ship would be stopped and a lo ran 
position taken and plotted on the largest­
scale navigation chart available. The posi­
tion would then be transferred to the 
survey sheet and the Raydist distances 
scaled. These values would then be set on 
the dials and used in the search for the 

FIG. 8.--Texas Tower No. 2 on Georges Bank and ship flydroQrspher. 
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buoy as described above. Good results 
were obtained by this method. 

Reference Points for Use in Setting the 
Phasemeter Dials 

When making a hydrographic survey in 
an offshore area, it is necessary to have 
reference points for setti ng the Raydist 
dials in the immediate area of the survey. 
The Texas Towe r on Georges Bank, U.S . 
Air Fo rce r adar station, made an excellent 
permanent r eference point. The depth of 
the water in the immediate vicinity of t he 
tower is about 8 to 9 fathoms so the 
flydrographer could come close to the tower. 
The southwest leg, the legs are 10 feet in 
diameter, was selected as the reference 
point and several runs were made between 
Cape Cod and the tower to determine the 
position of this leg. Good agreement was 
obtained between the runs made in 195 7 
and 1958. Figure 8 shows the tower and 
the Ship flydrographer. 

The tower leg was used as the reference 
point when setting the Raydist dials for 
the 1 :10,000 scale survey in that vicinity. 
A fixed reference point should be used 
for surveys at this s cale so as not to 
introduce errors due to movement of the 
reference point. For surveys at some 
distance from the tower, a nd at scales 
of 1 :20,000 and 1 :40,000, buoys were used 
as reference points for setting the dials. 
F or 1 :20,000 scale s urveys it was con ­
sidered sufficiently accurate to p lant buoys 
in depths as deep as 12 to 15 fathoms, 
and for scales of 1 :40,000 the depth was 
increased to 25 fathoms. For scales 
smalle r tha n 1 :40,000 the depth can be 
increased further. 

The buoys used were mine marker buoys 
30 inches in diameter. Three automobile 
engine blocks were used as an anchor, a nd 
the anchor line consisted of 1 /2-inch steel 
cable from the buoy to about 1 fathom 
above the bottom and the remainder was 
3 / 8-inch chain. T he scope was usua lly 1.4 
to 1.5:1. The buoys would usually be under 
the water when a swell passed ove.r, but 
i n two years of use no buoy dragged anchor 
and only one was lost. This loss was 
asc ribed to the use of too long a piece of 
cable below the buoy a nd it probably 
chafed on the bottom. 

If buoys a re used to set the dials, it is 
necessary to take into account the scope 
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FIG. 9.-· Anchor line s lope corrections when dials are set at 
buoys. All directions are in degrees true. Scope of buoy is 0.6 
lane. All corrections are in Raydist lanes. 

of the anchor line at the time the position 
of the buoy is determined a nd when s etting 
the dials at the buoy. To do this the 
direction of the current i s observed each 
time the buoy is used. With this informa­
tion as an argument a curve similar to 
that s hown in Figure 9 is used to c ompute 
the correction. The curve is constructed 
by using the depth of the water at the buoy 
and 0.9 of the length of the anchor line. 
No allowance is made for tide. 

Considerable planning s hould enter into 
the selection of the sites for the buoys . 
In many cases the p resence of water 
depths of sufficient shallowness will be 
a determining factor in the location of the 
buoy . Where suitable locations a re avail ­
able, it is good policy t o place the buoys 
so that the ship will always be within about 
a n hour's run of a calibration point should 
the dials require resetting. The optimum 
running time, of course, will vary with 
the scale of the survey and other condi­
tions. 

When buoys were to be located, the 
Raydist dials were always calibrated at 



the Texas Tower and then a run made to 
the site, usually along a line of hydrog ­
raphy. If a fixed point is n ot a v ailable, 
it is desirable to use one buoy as the 
principal reference point and refer all 
other buoy positions to this buoy rather 
than to expand the survey from buoy to 
buoy. At the site where the buoy is to be 
planted, several trial sounding lines are 
run across the shoaler areas to determine 
the depth of the water. With the depth of 
water accurately known, the correct length 
of anchor line is determined and attached 
between the buoy and the ancho r . In strong 
currents the ship is headed down current 
at the time the buoy is dropped . Thi s per­
mits the ship to be held in one location, 
as shown by the Raydist d ia ls and by 
soundings , while the current carri e s the 
buoy away from the ship. This method 
worked very well on the narrow s and 
ridges found on Georges Bank. 

The buoy is located immediately after 
it is planted. To do this the ship circles 
the buoy and uses the same method as 
for calibrating the dials, except that the 
calibration made at the fixed point is used 
and the buoy position computed. To check 
this first position a second run is always 
made between the fixed point and the buoy, 
in either direction, within a relatively 
short period. The two runs are meaned 
for the final buoy position. It was found 
that the R-1 and R-2 distances obtained 
on the various runs agreed with each other 
within 0.5 lane or less. 

In order that the buoys can be found 
more easily in clear weather , a 2- by 
2-inch pole about 6 feet long wi th a yellow 
flag near the top is attached to the top of 
the buoy. To make a radar target to assist 
in finding the buoy in foggy weather, 
1 -pound coffee tins are nailed to the four 
sides of the top of the pole, the bottoms 
of the cans against the pole. This makes 
a very acceptable radar target and in a 
calm sea it shows on the radar at a dis -
tance of over 3 miles. 

HYDROGRAPHIC OPERATIONS 

The survey sheet for Raydist-controlled 
hydrography is prepared with circular 
distance arcs which are spaced in lanes 
rather than in linear distance . The H'!jdrog· 
rap'Mr's Raydist had a lane width of about 

45 meters, or 150 feet, and the d i stance­
arc spacing was 200 lanes for a 1 :40,000 
scale surv ey sheet. An Odes sey protra ctor 
graduated in lanes is used to plot positions. 

A hydrographic bridge-watch with Ray­
dist control consists of a hydrographer, 
combination echo-sounder reader and re­
corder, and Raydist reader, plus the 
helmsman, quartermaster, and lookout-­
when necessary due to fog or darkness, 
needed to run the ship. In clear weather 
during daylight hours and with no traffic 
in the v ic inity the hydrographer would be 
the only officer on watch, but at night and 
in foggy weather a second officer would 
be o n watch in the pilothouse which is 
immediately forward o f the plotting r oom 
housing the Ray dist equipment. 

It was found convenient for the hyd rog­
rapher to keep a plotting abstract, similar 
to the one the Coast and Geodetic Survey 
uses on shoran-controlled hydrography. 
This abstract is used to keep track o f the 
positions and course changes, to record 
the Raydist dial readings, and to compute 
and apply the applicable correction s to 
these readings. The dial corrections as 
determined at the calibration point s h ould 
be recorded on the abstract, and then 
these corrections chang ed by the addition 
of the heading correction s and azimuth 
correction to the R-2 distance, where 
applicable, as the hydrogra phy proceeds. 
Lanes gained or lost in t he phasemeter 
should also be used i n computing the 
correction to be applied. The Raydist dial 
readings are also recorded in the sounding 
volume which constitutes the original 
record. At a later date the sounding r e cord 
readings are corrected and used t o plot 
the smooth sheet . 

The principal duty of the Raydist reader 
is to keep track of the hne count as shown 
by the Brush Recorder tape, and inde­
pendently of the figures shown on the dials 
of the phasemet er. At the calibration point 
the lane count is picked up on the Brush 
tape and from this point it is carried 
forward by the Raydist reader, with fre­
quent checks to ascertain that his count 
agrees with the figures shown on the dials. 
He should inform the hydrographer o f any 
discrepancy that he cannot resolve by a 
recount. The reading and marking of the 
Brush tape are discussed in greater detail 
below. In addition to monitoring the tape, 
the reader marks the position numbers on 
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the Brush tape and on the printer tape at 
each position, and from the latter tape he 
reads off the distance as shown by each 
dial reading so that it can be recorded by 
the recorder and the hydrographer. On the 
Hydrographer it was not necessary for the 
Raydist reader to push a button at the fix 
since the Raydist was connected to the 
electric sounding clock and a fix mark 
was made automatically at the position. 

Usually the c onfiguration of the bottom 
will permit o ne system of arcs to be 
selected and still give good development 
of the bottom. Georges Bank has a strong 
rotary current and it was found that the 
ship could be conned along the desired 
sounding line more easily if it followed 
a distance arc than if the line cut across 
both sets of arcs. It was also necessary 
that the sounding lines cross the sand 
ridges, for with lines parallel to the 
narrow ridges they would often be missed. 

To facilitate the running of the lines 
parallel with a set of distance arcs the 
distance, in lanes, at which it is proposed 
to run the lines should be noted in colored 
ink along the edge of the survey sheet. On 
Georges Bank the general spacing of 
sounding lines in depths of 10 to 20 fathoms 
was 400 meters. In these depths a spacing 
of 8.0 Raydist lanes which is about 365 
meters, was selected and distance readings 
at 8.0-lane intervals were indicated along 
the edge of the sheet. By use of this 
method lines can be run in disconnected 
areas and still join with no loss of spacing, 
also it is easy to compute the arcs on 
which to run splits. Before running the 
line the hydrographer applies the correc -
tions with reverse sign to the indicated 
figure so that after the dial reading is 
corrected it will be the same as the 
indicated figure. 

With Raydist it is easy to put the ship 
on a sounding line that runs along a certain 
distance arc for one revolution of the dial 
pointer is equal to a side displacement of 
about 45 meters (with a frequency of 3280 
kc.). After getting the ship on line the 
hydrographer would turn the con over to 
the Raydist reader, first telling him how 
course changes would increase or decrease 
the dial reading. After a little experience 
most readers could follow the selected 
arc within 10 to 20 meters of the desired 
distance from the shore station, If the 
reader has trouble the hydrographer 
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should take the con until the ship is again 
on a stable course. 

A voltmeter connected to the phasemeter 
was installed in the pilothouse where it 
would be visible to the helmsman and the 
method of having the helmsman con the 
ship along the distance arc was tried. The 
more experienced helmsmen could do the 
task in an efficient manner but with less 
experienced helmsmen it was found that 
having the Raydist reader take the con 
was much better. 

In laying out systems of sounding lines 
in the vicinity of a calibration buoy, it is 
advisable at first to concentrate on the 
lines more removed from the buoy and 
to leave the lines adjacent to the buoy 
until last. This permits sounding lines 
to be started in the vicinity of the buoy 
immediately after the dials are calibrated. 
Also on some days the atmospheric con -
ditions may make Raydist operation un­
certain and it is well to have lines near a 
calibration point that can be run at these 
times. 

lnterpreWJ:ion of Brush Tapes.- The Brush tape 
constitutes a visual record of the lane 
changes in the phasemeter. It is used to 
ascertain whether these changes are the 
result of the movement of the mobile 
station or to other causes. If due to other 
causes, it means that the dial correction 
obtained at the calibration point is no 
longer correct and must either be changed 
to a new value by using information 
scanned from the Brush tape, or the dial 
must be recalibrated. Due to the manner 
in which the Raydist measures distance, 
lanes are skipped in whole lanes only and 
the fractional lane count does not change. 
In fact if the calibration methods are 
sufficiently accurate and the partial -lane 
knob on the dial is kept set at O.O, each 
calibration should have the same fractional 
lane as part of the value. 

Figure 10 shows a Brush tape under 
average conditions. At the time of each 
fix a tick mark is made on the top of the 
tape, and it is numbered by the Raydist 
reader. To read the lane count corre­
sponding to this fix it is necessary to 
follow the curved lines across the tape, 
as shown in the figure. In counting the 
lanes, the reader usually numbers every 
fifth or tenth lane, unless the lane marks 
are widely spaced or the ship make s a 
turn. Only on the hundred lane marks 



FIG. 10.--Brush Recorder tape under average conditions. 

are the hundreds and thousands of lanes 
shown. One thing the reader has to learn 
is which direction of pen movement will 
increase or decrease the lane count. If 
the pen returns to the same end of the 
lane mark, the lane count remains the 
same. 

Course changes should be shown on the 
tape, as well as being recorded in the 
sounding volume, for it helps in scanning 
the tape for gain or loss of lanes. No set 
rule can be given as to whether at times 
when skywave interference is present it is 
better to run towards and away from the 
poorest station, or to follow the distance 
arc of this station. Soth methods were 
tried; sometimes one was more success­
ful than the other. 

When the lane marks have been appear­
ing with a regular spacing, such as is 
shown in the R-1 trace in figure 10, and 
interference, or a power failure, causes 
a loss of lanes for a short period the 
number of lanes lost can be determined 
by use of spacing dividers. The correct 
setting of the dividers should be obtained 
from adjacent marks and then this same 
spacing used to fill the gap. If more than 
a few lanes are lost, it is better to set 
the dividers so that each point represents 
5 lanes in place of a closer setting where 
each point represents 1 lane . 

If, for example, in figure 10 the R-1 
dial had failed to record the passage of 
the ship over a space of 5 lanes, the R-1 
dial would read high by 5 lanes and a 
negative correction of this amount would 
have to be added to the correction already 
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in use. Also it would be necessary to scan 
the R-2 trace for skipped lanes since 
stoppage of the R-1 dial affects the R-2 
dial. 

A power failure at the R-2 station does 
not mean that the R-2 dial stops moving. 
With a power failure at the Green station 
the R-1 component in the R-2 distance 
takes over and the dial continues to turn 
and lane marks on the Brush tape continue. 
The new marks are now similar t o the 
R-1 marks and unless the dissimilarity 
between the new and the previous marks 
is considerable, it is difficult to tell that 
a power failure has occurred. This is the 
reason that the operator at the shore 
station should notify the ship immediately 
of any interruption to the Raydist at his 
station. 

When lanes are added or subtracted 
that are not the result of ship movement 
the Raydist reader should note the fact 
on the tape and inform the hydrographer. 
The reader then picks up a new count 
that is in agreement with the dial reading. 

Distance Comparisons 

In proceeding to and from the working 
grounds on Georges Bank the baseline 
between the Red and Green stations was 
crossed in the area northeast of Cape Cod. 
Also some hydrography was done in this 
area and some of the sounding lines 
crossed the baseline. On many of these 
crossings the Raydist was in operation 
and minimum sum distances were obtained, 
corrected for dial s etting and other errors, 



and compared to the computed length of 
the baseline. The results of the several 
c r os sings are as follows: 

Date 

June 3, 1957 
June 4, 1957 
June 5, 1957 
June27,1957 
July 6, 195 7 
July 7, 1957 
July 20, 1957 
July 21, 1957 
June 4, 1958 
July 13, 1958 
Oct. 7, 1958 

Observed 
Computed Minimum Error 

Lanes Lanes Lanes 

6365.9 6365.4 -0.5 
6365.9 6365.9 0. 0 
6365.9 6366.8 +0 . 9 
6365.9 6365.6 -0.3 
6365.9 6366.4 +0.5 
6365.9 6366.1 +0.2 
6365.9 6363.9 -2.0 
6365. 9 6366.1 -0.2 
6365. 9 6365. 9 o.o 
6365. 9 6365.3 -0.6 
6365.9 6365.2 -0.7 

Several times the Raydist was calibrated 
northwest of the Red station and then again 
off the coast east of the Red station. The 
results of these tests are as follows: 

NW. of Red E. of Red 
Station Dial Station Dial 

Date Correction Correction 

R-1 R-2 R-1 R-2 

June 4, 1958 +1.2 -0.5 +1.3 * July 13, 1958 -1.8 -1.5 -1.8 * October 7, 1958 +a.a - 5.8 +0.2 -5.6 

On June 4 and July 13 the R-2 failed 
before arriving off the coast east of the 
Red station and the asterisk denotes the 
absence of an R-2 reading. The reason 
for the failure was the strong carrier 
frequency signal from the nearby Red 
station, as discussed above. It is possible 
that the variation in the R-1 calibration 
value on October 7, 1958, when northwest 
and east of the Red station is the result of 
the weak signal being emitted by the 2496 
kc. transmitter at the Red station. On 
this day the signal strength was decreased 
so that the 2492 kc. signal from the Green 
station could be received. 

On one of the runs made to determine 
the position of the Texas Tower No. 2 
on Georges Bank the Raydist was cali­
brated on the Texas Tower No. 3 on 
Nantucket Shoal, which is approximately 
70 miles southeast of the R ed station 
(See fig. 1 ), in place of being calibrated 
off Cape Cod as was the normal proce -
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dure. The position of the Georges Bank 
tower as determined by this run agreed 
ve r y closely with the other runs indicating 
that the Raydist measures distanc e without 
appreciable erro r. The results of the 
several runs are: 

Distances in 
Place of lanes to Texas 

Date Calibration Tower No. 2 

R-1 R-2 

July 21, NW. of Cape Cod 4068.6 6268.9 
1957 

Sept . 24, Texas Tower 4068.3 6269 .2 
1958 No. 3 

Nantucket 
Shoals 

Oct . 2, E. of Cape Cod 4068 . 2 6268.9 
1958 

SUGGESTIONS FOR USE OF 
RAYDIST 

The following rules have been for ­
mulated for the use of Raydist on 
hyd rographic surveys: 

l. Begin the lane count on the 
B rush Recorder tape for each station 
as soon as the dial is calibrated. 

2 . When regular fixes are not being 
taken, take trial fixes at intervals 
not exceedin g 10 minutes. Write the 
time of the fix on the Brush tape and 
on the tape from the printer . 

3 . When interference causes con­
siderable movement of the Brush 
Recorder pens, keep a watch on the 
phasemeter dials as well as on the 
tape since it is easier under these 
conditions to discern added or skipped 
lanes by action of the dial pointer. 

4 . When interference is threaten­
ing loss of lane count and the ship is 
approaching a turn in the sounding 
line, keep the ship on the same course 
and maintain speed until the situation 
improves. On turns keep a close 
watch on the phasemeter dials. 

5. Do not attempt hydrography on 
1 :20,000 and larger-scale surveys if 
the lane count is in doubt. On 1:40,000 
scale surveys continue hydrography 
as long as it is believed the error in 
d etermining the dial correction does 
not exceed o ne lane. On 1: 100,000 
scale sur veys this can be increased 



to 3 lanes. Where hydrography is run 
with a doubtful lane count check into 
a calibration point as soon as possi­
ble; preferably before the lane count 
is totally lost. 

6. If hydrography is continued all 
night plan to check into a control 
point the first thing in the morning, 
even though it may be believed that 
the lane count is correct. 

7. When lanes are added or sub­
tracted, due to interference or other 
causes, begin a new corrected count 
on the Brush tape that is in agreement 
with the phasemeter dials. On the 
Brush tape and in the plotting abstract 
make notes that indicate which dis -
tance is affected, the number of lanes 
involved (jumps always come in whole 
lanes) and whether added or sub­
tracted, i.e., R-1 lost l lane, R-2 
added 2 lanes, etc.; the added or 
subtracted notations refer to the effect 
of the change on the dial readings and 
not to the number of lane marks made 
on the tape. 

8. Change the distance correction 
shown on the plotting abstract to re -
fleet the gained or lost lanes. If 
lanes are lost add them to the exist­
ing correction, and if gained subtract 
them. 

9. When determining the position 
of calibration buoys or when setting 
the dials at these buoys make an 
allowance for the scope of the anchor 
line. 

l 0, Keep a running abstract of the 
dial corrections as determined from 
day to day. In this abstract include 
the name of the object used and its 
position. This information will make 
it easy to compute a new correction 
if the position of the object is changed 
for any reason. 

11. Keep an abstract of the runs 
made to determine the buoy positions. 
This makes it easy to compute the 
final buoy positions at the earliest 
possible time. 

SHORAN CONTROLLED LAUNCH 
HYDROGRAPHY 

On Georges Bank are several areas 
where the depths were too shoal to be 
surveyed by the ship Hydrographer. These 
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were done with launches carried aboard 
ship and using shoran for control. One 
area was around the Texas Tower and 
for this area one shoran station was 
placed on the tower and the ship was 
used as the second station. The other 
area was at a distance from the tower 
and it was necessary to use two floating 
shoran stations, the ship and one of the 
launches. 

To survey the more distant area, two 
buoys were planted near the edges of the 
area to be surveyed and a third buoy off 
to one side where it would serve as a 
mooring buoy for the launch which would 
serve as a shoran station. The three 
buoys were located by Raydist, referred 
to the Texas Tower, and with checks on 
the positions. The positions of the two 
buoys in the survey area were plotted on 
the survey sheet, scale 1 :20,000, and 
distance arcs were drawn using the posi­
tion of the mooring buoy as a center. For 
the second set of arcs a center was 
selected in a location that would give a 
good angle of intersection, and in depths 
where the ship could anchor with a rela­
tively short scope of anchor chain. 

To accomplish the hydrography the 
ship was anchored as near as possible 
to the preselected point, and during the 
course of the hydrography Raydist read­
ings were taken at 15-minute intervals 
and plotted on a large-scale diagram. On 
this diagram corrections to the shoran 
distances, as referred to the preselected 
point, were computed, and once each l /2 
hour they were relayed to the launch by 
voice radio. At the launch station the 
personnel recorded the launch heading 
each l /2 hour so that a correction could 
be applied for the scope of the anchor 
line. 

The buoys in the survey area were used 
to calibrate the shoran. By taking readings 
alongside the buoys calibration values 
were obtained that permitted the launch 
hydrography to be accurately fitted to the 
adjacent ship hydrography. The sounding 
lines were run along the distance arcs 
from the ship station, 

CONCLUSION 

Raydist control for hydro graphic sur -
veys is a supplement to that furnished 
by shoran and the Electronic Position 



Indicator, Due to the fact that the Raydist 
phasemeter dials hav e to be set at a known 
point will preclude the use of Raydist in 
many instances where shoran and the EPI 
can still be used, 

For surveys in shoal water areas far 
offshore Raydist furnishes excellent con­
trol for it permits strong control for the 
close spacing of sounding lines that is 
required to adequately develop the bottom 
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configuration. In these depths buoys can 
be planted and used as calibration points 
for the phasemeter dials, 

The Raydist equipment is reliable and 
will give long periods of trouble-free 
service. When working at a long distance 
from the shore stations, atmospheric 
conditions and the length of the daylight 
hours will affect the length of the working 
day. 

CJ'O 17708 


