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Figure 6.—Cut the remaining square along 
one diagonal and then cut both resulting 
triangles in half along the scribed lines. The 
result should be four smaller right triangles 
of identical size. Tack weld one small right 
triangle between each pair of adjacent 
surfaces, as indicated in the drawing. Use the 
framing square to insure that every small 
triangle lines up at right angles to its 
adjacent surfaces. 

Figure 7.—The assembled reflector should 
look like this. You can mount the reflector by 
any of the schemes suggested here. You can 
weld heavy rings, or grommets (A), on two 
opposite corners and hang it in the rigging. 
You can weld it into a slotted length of pipe 
(B) that fits over the end of a pole or mast. 
Or you can bolt it to a pole or mast {C) by 
drilling pairs of holes through adjacent 
surfaces at appropriate distances from a weld 
where two sides join. You can use U-bolts 
(D) of the type sold for attaching TV 
antennas to metal masts. 

The "rain-catching" position 
Investigators in Japan and England 

have tested a theory that skippers can 
obtain more complete coverage by 
installing the corner reflector described 
above in the "rain-catching" position 
(figure 8), that is, its orientation when 
resting on a horizontal surface. The point 
here is that, with the reflector installed 
in this position, more angles should be 
available to reflect radar signals, from 
all around the horizon. 

Oregon State University has conducted 
a limited evaluation (March 1978) of 
two installations, vertical (figure 7) and 
"rain-catching." The tests did not prove 
conclusively that either was better than 
the other, but they did appear to indicate 
that the "rain-catching" position provided 
fewer areas of weak-echo return. 

The tests also confirmed these basic 
points: 

• The higher you mount a corner 
reflector, the better echo you 
receive. 

• If you mount a corner reflector on 
your boat—whatever its position— 
you increase your chances of being 
seen by a radar-equipped vessel. 

• The small investment required when 
you make or buy a corner reflector is 
very cheap insurance toward the 
safety of your craft! 

Section M-M 

Figure 8.—One method of mounting a reflector in the "rain-catching" position is to tack weld 
an angle or channel between two adjacent surfaces, as suggested in details A and B. Drill the 
angle and crosstree, and bolt the reflector atop the crosstree, as suggested in detail C. 
Or tie the reflector into a stay that forms an approximately 45° angle with the horizontal. 

Appendix.—Metric/customary conversion factors {approximate) 
for the units cited in this bulletin 

To convert to multiply by 

meters (m) feet 3.28 
feet meters 0.30 
centimeters (cm) inches 0.39 
inches centimeters 2.54 
millimeters (mm) inches 0.04 
inches millimeters 25.40 
metric tons (t) tons, 2000-lb. 1.10 
tons, 2000-lb. metric tons 0.91 

Note: A nautical mile is not a fixed unit of length and, therefore, cannot be converted 
to meters, as a land mile can. A nautical mile is an arc of a meridian of longitude 
between two places whose geographic latitude differs by 0ol', so its length varies 
from about 1844 m at the equator to about 1863 m at the geographic poles. For cali- 
bration purposes, where a fixed unit is necessary, use the approximate mean value of 
1852 m—its value at latitude 45°. This is known as the International Nautical Mile 
(almost identical to the 2000-yd value traditionally given to a nautical mile). 

From a practical point of view, a navigator need not ponder the variable because 
the nautical mile on a Mercator chart has been, and always will be, one minute of 
latitude at the latitude of the observer. (This note is adapted from Harry Rogers' 
"The mile goes to sea," Australian Fisheries, April 1977). 
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counties. Extensions Marine Advisory Program is supported in 
part by the Sea Grant Program, National Oceanic and 
Atmospheric Administration, U.S. Department of Commerce. 
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Radar reflectors 
for boats 

by Edward J. Condon 
Extension Oceanographer, Oregon State University 
and Edward Kolbe 
Commercial Fisheries Engineer, Oregon State University 

Radar (radio detecting and ranging) 
is an electronic navigational aid used for 
determining the distance and direction to 
objects around your craft. It offers the 
advantages of being able to detect 
objects too small or distant for the eye 
to see and to do so in any weather 
(including fog) and in daylight or 
darkness. Most ships and many smaller 
working watercraft rely on radar to 
navigate and to avoid collisions. 
Therefore, if you are a small-boat 
skipper, you need to be concerned about 
the image your own vessel makes on 
other radar screens. A good radar 
reflector may be the cheapest anticollision 
insurance you can buy (see figure 1). 

How radar works 
A radar screen, or display, presents a 

TV-like plot of the directions and 
distances to surrounding solid objects, 
out to the maximum operating range for 
that set. The set determines direction of 
an object from the direction that the 
antenna points, and distance by timing 
the interval between the transmission of 
a pulse of ultrahigh frequency radio 
energy and the return of the pulse when 
reflected by a solid object, or target. The 
reflected signal is commonly called the 
"echo." The echo is displayed on the 
dark radar screen as an outline or a small 
blob of light. 

Every radar set is—by design— 
limited in range by the maximum 
operating range of the set (12, 16, 24 
nautical miles, etc.). The range of 
shipboard radar is additionally 
limited by: 
1. the height above sea level of the radar 

antenna and 
2. the height above sea level of the 

object to be detected. 

Figure 2 illustrates how a 24-mile 
radar on a boat may not be able to see all 
objects within that range. Because radar 
(radio) waves travel essentially in a 
straight line (by line of sight), they will 
not detect an object that is below the 
horizon, such as the buoy (C) and the 
large rock (D). The mountain (E), on 
the other hand, rises far enough above 
the horizon, at the set's maximum range, 
to return an echo. 

The distance to the horizon changes as 
the height above sea level increases 
(a factor of real importance when you 
plan where, and how high, to mount your 
antenna—and your radar reflector). 
Table 1 shows this variation. 

Besides being limited by the 
range of the set itself and by the 
distance-to-horizon, the ability of the 
radar set to "see" a target is limited by 
the characteristics of that target—that is, 
by the target's material and shape. 

Almost all solid objects reflect radar 
signals, but some materials reflect more 
of the signal (and are more discernible 
on the screen) than others. For instance, 
wood or fiberglass hulls do not 
consistently return echoes as strong as 
those from steel or aluminum hulls of like 
size. In general, a material that is a 
good conductor of electricity will make 
a good radar reflector. 

A second factor necessary for a large 
echo from a target is that the reflecting 
surface of the target be perpendicular to 
the path of the radar signal (pulse). A 
vessel traveling broadside to the radar's 
line of sight returns a stronger echo than 
one heading toward or away from the 
transmitting set. For the same reason, a 
gently sloping shore usually is not 
detectable by radar—but large rocks, 
cliffs, and mountains are. 

A title in the series 

Marine electronics 

Figure 1.—Radar signals reflect best from 
materials that conduct electricity. Small 
boats—especially wood hulls—may not show 
on radar receivers. Displaying a metal 
reflector like this in the superstructure of a 
small boat greatly increases the probability 
of its being detectable by radar. Instructions 
for making this radar reflector are given on 
pages 4 and 5. 
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Figure 2.—W^iat t/our fcoat radar's horizon might he: A, your boat 
with 24-nautical-mile radar; B, another boat; C, buoy; D, large rock; 
E, mountain. Remember: When you position your radar antenna or 

reflector, mount one or both as high as possible, to maximize your 
chances of seeing other craft—and of being seen by them. 

Table 1.—Maximum effective range of radar, as affected by height of antenna above 
sea level  (adapted from American Practical Navigator ["Bowditch"], U.S.  Navy 

Hydrographic Office, Washington, 1962) 

Distance Distance 
Antenna to horizon Antenna to horizon 
height (nautical height (nautical 

(meters) miles) (meters) miles) 

1 2.1 44 13.7 
2 2.9 46 14.0 
3 3.5 48 14.3 
4 4.1 50 14.6 
5 4.6 55 15.3 
6 5.0 60 16.0 
7 5.5 65 16.7 
8 5.8 70 17.3 
9 6.2 75 17.9 

10 6.5 80 18.5 
12 7.1 85 19.0 
14 7.8 90 19.6 
16 8.2 95 20.1 
18 8.8 100 20.7 
20 9.2 200 29.2 
22 9.7 300 35.9 
24 10.1 400 41.2 
26 10.5 500 45.9 
28 11.0 600 51.1 
30 11.3 700 54.9 
32 11.7 800 58.5 
34 12.1 900 62.1 
36 12.4 1000 65.5 
38 12.7 1500 80.2 
40 13.0 2000 92.1 
42 13.4 3000 112.0 

How a radar reflector works 

Since small wood and fiberglass boats 
do not return strong radar echoes, 
operators of boats built of these materials 
can greatly reduce risk of collision with 
radar-equipped vessels by installing 
reflectors high in rigging or on the masts. 
The comer reflector is a common type. 

A comer reflector is a device with 
flat metallic reflective surfaces that meet 
perpendicularly. The shape of the 
ictiector is such that it rehects a radar 
signal from any direction back toward 
its source. Comer reflectors are fitted to 
a number of navigational buoys (labeled 
"Ra Ref" on charts); mariners having 
radar on their craft can note how much 
stronger the echo is from one of these 
buoys compared to a buoy of a similar 
size but not equipped with a radar 
reflector. 

Factors affecting echo strength 

The size of a comer reflector greatly 
determines its echo strength. In 
November 1971, the subcommittee on 
safety of navigation. Intergovernmental 
Maritime Consultative Organization 
(IMCO), recommended that a vessel 
smaller than 90 metric tons (t)—the 
displacement of a 26-m dragger, 
roughly—should cany a reflector that 
would make it look like a 90-t vessel. 
(IMCO further recommended that 
lifeboats and liferafts should carry even 
larger reflectors.) 

Other studies agree; they further show 
that the reflection of a 90-t vessel can 
be achieved by hanging a 23-cm comer 
reflector (on its shortest side) 4 m or 
higher above the water. 

If this height is not possible on your 
boat, you can achieve the "90-t" image 
by constructing and mounting a 30-cm 
comer reflector (see "Making your own," 
below) at a lower height. And if you 
can mount this 30-cm reflector 4 m or 
higher on your craft—you will return an 
echo even stronger than IMCO's 90-t 
example! 

In addition to the corner reflector's 
size, its squareness is extremely 
important. If the sides of the comer are 
out of square by more than about 1°, its 
reflective strength will be seriouslv 
reduced. 

Finally, the reflector's height above 
sea level is important: the higher it is, 
the greater the range at which your craft 
is detectable by radar (see table 1 
again). 

For example, for a reflector on a mast 
9 m above sea level, the line-of-sight 
range to the horizon is 6.2 nautical miles. 
If a ship passing through the area has a 
radar 22 m above sea level, its horizon 
range is 9.7 nautical miles. Adding the 
two gives the maximum range at which 
the ship's radar can detect the reflector: 
15.9 nautical miles. Under adverse 
weather conditions, a ship running at 
cruising speed needs a strong echo from 
at least 10 nautical miles away to 
guarantee enough reaction time to alter 
course and steer clear. 

Keep in mind that a ship moving at 
20 knots traverses one nautical mile every 
three minutes. For a wood or fiberglass 
boat dead on its bow in dense fog, an 
effective radar reflector greatly increases 
the boat's chances of being "seen" and 
avoided. 

To summarize: If yours is a small boat, 
get an accurately constructed metal 
corner reflector that has short sides of at 
least 23 cm; hang it at least 4 m above 
the water. And remember that all comers 
must be within approximately 1° of 
square. 

How reliable are corner reflectors? 

In 1976, Oregon State University 
conducted some experiments to compare 
radar visibility of several different devices 
(including a collapsible comer reflector 
and special cloths) that could be used 
on liferafts. Results of this initial testing 
showed that some of these devices 
advertised to be radar-reflective are 
less reflective than is the comer reflector 
described below ("Making your own"). 
In some cases, the devices tested offered 
only slight improvement in radar 
detectability over the raft alone (without 
any reflective device). 

Although these tests were of a 
preliminary nature—and were not 
exhaustive—they, as well as other tests, 
do show the corner reflector to be a good 
tvpe to use. 

Which reflector to buy? 

There are a number of commercial 
reflectors with a wide range of prices. 
Some of the cheaper comer reflectors 
are cardboard covered with aluminum 
foil (satisfactory but not very long-lived 
in the damp saltwater atmosphere). 
Reflectors then increase in price as they 
become more refined; one of the more 
complex is the dielectric type (figure 3), 
which was not included in the Oregon 
State University tests described above. 

Let the buyer beware, however: Not 
all high-priced radar reflectors are better 
than those that are more reasonable in 
price. Increased cost does not necessarily 
translate into increased reflectivity. 

Figure 3.—A dielectric radar reflector. 

Making your own 

If you decide to construct your own, 
you can build a 30-cm reflector from 
a sheet of 42-cm by 126-cm rectangular 
aluminum or steel. Thickness is up to you. 
Aluminum about 3 mm thick, or steel 
about 1.5 mm thick, should be adequate 
for most reflectors under average 
conditions. You can use thicker steel— 
but consider the damage to your rigging 
and deck if a reflector that heavy should 
break loose in rough seas! OSU 
recommends using aluminum. 

Figures 4 through 6 show a plan for 
producing this reflector—or you could 
take this bulletin to a machine shop and 
order one like it. Figures 7 and 8 
illustrate various methods of mounting 
your reflector. 

(Text continues on page 6.) 

Figure 4.—To make your own 30-cm corner reflector, start with a 42-cm by 
126-cm rectangular sheet of aluminum or galvanized steel; thickness is up to 
you (3 mm should be adequate for aluminum; 1.5 mm, for steel). For 
maximum reflection of radar signals, all surfaces of the radar reflector must 
meet at right angles. Before starting, check the rectangular sheet. All corners 
must be square. Cut the sheet into three 42-cm squares by making vertical 
cuts A and B, shown in the diagram. Mark one diagonal on the second square, 
and mark both diagonals on the third square. 

Figure 5.—Cut the second square into halves along the marked diagonal. 
Tack weld these two triangular halves to the top and bottom of the first 
square along a diagonal. Use tack welds because long or continuous beads 
can (and usually do) warp sheet metal, making it very difficult to join the 
pieces at right angles. Use a carpenter's framing square to achieve right 
angles between adjacent pieces. 
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Figure 6.—Cut the remaining square along 
one diagonal and then cut both resulting 
triangles in half along the scribed lines. The 
result should be four smaller right triangles 
of identical size. Tack weld one small right 
triangle between each pair of adjacent 
surfaces, as indicated in the drawing. Use the 
framing square to insure that every small 
triangle lines up at right angles to its 
adjacent surfaces. 

Figure 7.—The assembled reflector should 
look like this. You can mount the reflector by 
any of the schemes suggested here. You can 
weld heavy rings, or grommets (A), on two 
opposite corners and hang it in the rigging. 
You can weld it into a slotted length of pipe 
(B) that fits over the end of a pole or mast. 
Or you can bolt it to a pole or mast {C) by 
drilling pairs of holes through adjacent 
surfaces at appropriate distances from a weld 
where two sides join. You can use U-bolts 
(D) of the type sold for attaching TV 
antennas to metal masts. 

The "rain-catching" position 
Investigators in Japan and England 

have tested a theory that skippers can 
obtain more complete coverage by 
installing the corner reflector described 
above in the "rain-catching" position 
(figure 8), that is, its orientation when 
resting on a horizontal surface. The point 
here is that, with the reflector installed 
in this position, more angles should be 
available to reflect radar signals, from 
all around the horizon. 

Oregon State University has conducted 
a limited evaluation (March 1978) of 
two installations, vertical (figure 7) and 
"rain-catching." The tests did not prove 
conclusively that either was better than 
the other, but they did appear to indicate 
that the "rain-catching" position provided 
fewer areas of weak-echo return. 

The tests also confirmed these basic 
points: 

• The higher you mount a corner 
reflector, the better echo you 
receive. 

• If you mount a corner reflector on 
your boat—whatever its position— 
you increase your chances of being 
seen by a radar-equipped vessel. 

• The small investment required when 
you make or buy a corner reflector is 
very cheap insurance toward the 
safety of your craft! 

Section M-M 

Figure 8.—One method of mounting a reflector in the "rain-catching" position is to tack weld 
an angle or channel between two adjacent surfaces, as suggested in details A and B. Drill the 
angle and crosstree, and bolt the reflector atop the crosstree, as suggested in detail C. 
Or tie the reflector into a stay that forms an approximately 45° angle with the horizontal. 

Appendix.—Metric/customary conversion factors {approximate) 
for the units cited in this bulletin 

To convert to multiply by 

meters (m) feet 3.28 
feet meters 0.30 
centimeters (cm) inches 0.39 
inches centimeters 2.54 
millimeters (mm) inches 0.04 
inches millimeters 25.40 
metric tons (t) tons, 2000-lb. 1.10 
tons, 2000-lb. metric tons 0.91 

Note: A nautical mile is not a fixed unit of length and, therefore, cannot be converted 
to meters, as a land mile can. A nautical mile is an arc of a meridian of longitude 
between two places whose geographic latitude differs by 0ol', so its length varies 
from about 1844 m at the equator to about 1863 m at the geographic poles. For cali- 
bration purposes, where a fixed unit is necessary, use the approximate mean value of 
1852 m—its value at latitude 45°. This is known as the International Nautical Mile 
(almost identical to the 2000-yd value traditionally given to a nautical mile). 

From a practical point of view, a navigator need not ponder the variable because 
the nautical mile on a Mercator chart has been, and always will be, one minute of 
latitude at the latitude of the observer. (This note is adapted from Harry Rogers' 
"The mile goes to sea," Australian Fisheries, April 1977). 
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Radar (radio detecting and ranging) 
is an electronic navigational aid used for 
determining the distance and direction to 
objects around your craft. It offers the 
advantages of being able to detect 
objects too small or distant for the eye 
to see and to do so in any weather 
(including fog) and in daylight or 
darkness. Most ships and many smaller 
working watercraft rely on radar to 
navigate and to avoid collisions. 
Therefore, if you are a small-boat 
skipper, you need to be concerned about 
the image your own vessel makes on 
other radar screens. A good radar 
reflector may be the cheapest anticollision 
insurance you can buy (see figure 1). 

How radar works 
A radar screen, or display, presents a 

TV-like plot of the directions and 
distances to surrounding solid objects, 
out to the maximum operating range for 
that set. The set determines direction of 
an object from the direction that the 
antenna points, and distance by timing 
the interval between the transmission of 
a pulse of ultrahigh frequency radio 
energy and the return of the pulse when 
reflected by a solid object, or target. The 
reflected signal is commonly called the 
"echo." The echo is displayed on the 
dark radar screen as an outline or a small 
blob of light. 

Every radar set is—by design— 
limited in range by the maximum 
operating range of the set (12, 16, 24 
nautical miles, etc.). The range of 
shipboard radar is additionally 
limited by: 
1. the height above sea level of the radar 

antenna and 
2. the height above sea level of the 

object to be detected. 

Figure 2 illustrates how a 24-mile 
radar on a boat may not be able to see all 
objects within that range. Because radar 
(radio) waves travel essentially in a 
straight line (by line of sight), they will 
not detect an object that is below the 
horizon, such as the buoy (C) and the 
large rock (D). The mountain (E), on 
the other hand, rises far enough above 
the horizon, at the set's maximum range, 
to return an echo. 

The distance to the horizon changes as 
the height above sea level increases 
(a factor of real importance when you 
plan where, and how high, to mount your 
antenna—and your radar reflector). 
Table 1 shows this variation. 

Besides being limited by the 
range of the set itself and by the 
distance-to-horizon, the ability of the 
radar set to "see" a target is limited by 
the characteristics of that target—that is, 
by the target's material and shape. 

Almost all solid objects reflect radar 
signals, but some materials reflect more 
of the signal (and are more discernible 
on the screen) than others. For instance, 
wood or fiberglass hulls do not 
consistently return echoes as strong as 
those from steel or aluminum hulls of like 
size. In general, a material that is a 
good conductor of electricity will make 
a good radar reflector. 

A second factor necessary for a large 
echo from a target is that the reflecting 
surface of the target be perpendicular to 
the path of the radar signal (pulse). A 
vessel traveling broadside to the radar's 
line of sight returns a stronger echo than 
one heading toward or away from the 
transmitting set. For the same reason, a 
gently sloping shore usually is not 
detectable by radar—but large rocks, 
cliffs, and mountains are. 
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Figure 1.—Radar signals reflect best from 
materials that conduct electricity. Small 
boats—especially wood hulls—may not show 
on radar receivers. Displaying a metal 
reflector like this in the superstructure of a 
small boat greatly increases the probability 
of its being detectable by radar. Instructions 
for making this radar reflector are given on 
pages 4 and 5. 
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