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gyrocompass which turns a selsyn as the ship’s course

changes. The output of this selsyn is then used to ‘oper-
ate a servo unit which either mechanically rotates the
azimuth data take-off or operates a phase-shifting de-
vice in the electrical circuit controlling the data output,
thereby introducing the proper correction. For example,
if the PPI is selsyn or servo driven, introducing a 90-de-

gree phase shift between the two selsyns will cause the

follower to rotate 90 degrees.

If the antenna of this data-stabilized system is stopped
and pointed at some target, the azimuth data will always
be correct; but the operator will be kept busy turning
the hand control to keep the antenna on target as the
ship changes course. This turning of the hand wheel
can again be done by a servo drive operated from a
gyrocompass. In order to avoid having the hand control
continually whipping around and to allow the operator
to change the antenna position, the ship’s motion is
normally put into the antenna-drive hand control by a
differential. This enables the ship’s motion and the hand
drive to be added without interfering with each other.
The differential may be a mechanical gear system or an
electrical circuit, depending on the means used to con-
trol the antenna. With this “north-stabilized antenna”
the ship turns without rotating the antenna with it.
Therefore, the data stabilization previously inserted must
be removed to give a correct presentation. A ship system
should have either data or antenna stabilization, but not
both.

Another stabilization problem arises from the roll and
pitch of the ship. For a long-wave set in the 200-mega-
cycle region which uses water reflection to obtain its
vertical-coverage pattern, the roll and pitch of the ship
has little effect other than causing a slight change in an-
tenna height. On the other hand, when the vertical
beamwidth of a radar set is narrow, the rolling of the
ship may swing the beam off the target in the vertical
direction. Stabilization in elevation is controlled by a
“stable-vertical” gyro which introduces corrections in
the antenna-elevation-control system for the roll and
pitch of the ship. In order to obtain complete correction,
two clevation axes at right angles must be provided.
Sufficient stabilization for many purposes may, however,
be obtained by a single elevation axis.

Since ship navigation is certain to be an important
peacetime use of radar, a brief discussion of the probable
form of such a set is in order. Only a small antenna
gain is required, because the range at which other vessels
and land may be seen is usually limited by the horizon
rather than by the radar performance. On the other
hand. since high resolution and accurate bearing meas-
urements are needed, the beamwidth should be very
narrow. In order to obtain a narrow beam with a small
antenna, say 2 by 3 feet, the set should operate at 9000

megacycles or higher. Stabilization will also be required.
Another advantage of this high frequency arises from
the fact that the lobes caused by water reflection lie
much closer to the surface than do those of a longer
wavelength set at the same height. This improves the
signal strength from buoys and small boats. The signals
should be presented on a PPI so that a true map picture
of the position of objects which cause echoes may be
obtained.

AIRBORNE RADAR

Although weight and size, particularly of the antenna,
must always be kept in mind when designing sets for
ship use, in an aircraft virtually all other considerations
play a role secondary to these factors. Light-weight,
compact construction is required throughout. This re-
quires the use of light-weight metals such as aluminum
and magnesium and a frequency of.400 cycles or higher
for the prime power source. Since power costs weight in
the form of generators and transformers, every effort
must be expended to keep the over-all power consump-
tion to a minimum even to the extent of sacrificing items
which would be helpful but are not essential. Further-
more, any safety factor in components costs weight; for
example, a transformer or capacitor operated below the
maximum rating is less apt to burn out but is larger
and heavier than one built for this smaller operating
current and voltage.

Because the antenna must be mounted inside the fuse-
lage or in a streamlined housing, the maximum size of
the antenna is seriously limited. The antenna may be
mounted in the nose or in a nacelle on the wing when
it is not necessary for the radar to see behind the plane.
From these positions it is possible to scan the forward
180 degrees. To obtain 360-degree coverage the antenna
must be put in a blister on the belly. In many cases, pro-

vision must be made for retracting this blister when the
plane lands.

With the radar competing with other items for allow-
ance of weight and space and for power from the plane’s
generator, a great deal of consideration must be given to
the choice of antenna size, the transmitter power out-
put, and the packaging of the components. As a rule,
the installation is more satisfactory if the set is designed
to fit the plane because the radar components may then
be built to take full advantage of existing space. Even
when the set is built for 5 particular aircraft, extensive

fHOdjﬁm_tion of the plane may be necessary to make the
installation.

The problems of airborne-radar design may be illus-
trated by two navigational sets. The AN/APS-10, as
SIIIOWHI in figure 82, was designed as a navfgational set.
Since installation in fighter planes was anticipated, the
total weight limit was set at 100 pounds. In order to be

FIGURE 82—AN /APS-10 antenna on C-47, antenna .
housing removed.

useful for navigation, a range on land masses of at
least 50 miles is needed. This is equivalent to a range
of 3 to 5 miles on an aircraft. Furthermore, the beam
must be narrow to allow rivers and other prominent
landmarks to be seen. On the other hand, the largest
antenna which may be fitted into a fighter is about 18
inches. At the time this set was designed, 3 centimeters
was the highest usable frequency and was, therefore,
used. The final design uses a peak output power of only
8 kilowatts, although the magnétron is capable of giving
50 kilowatts with a heavier modulator. The signals are
displayed on a 5-inch PPI placed in front of the pilot.
. The total power consumption of the set is 500 watts.
Although this sct meets the requirements for which it
was built, the pilots of the Fighter Commands were un-
“f @ willing to sacrifice 100 pounds of ammunition or gaso-
line for a simplification of the problem of navigation.
Even on the long flights from Iwo Jima to Japan, where
navigation was a serious problem, 100 pounds more of
gasoline was considered a better safety insurance than
100 pounds of radar,

Radar blind bombing, the application which has re-
ceived the most publicity, is largely a navigational prob-
lem, and therefore requires the best possible radar navi-
gation equipment. This factor has led to a continued
improvement in resolution by going from 200 to 3000
megacycles, and then to as short a wavelength as possi-
ble with antennas as large as practical. Best results in

picking out landmarks are obtained when the illumina-
tion of the ground is the same at all ranges; therefore, a
“cosecant-squared” antenna pattern Is used. Because
the pattern of landmarks must be readily recognizable
and therefore should correspond as closely as possible
with the appearance of the map, a PPI presentation is
used. The center of the PPI is rather badly distorted at
the shorter ranges on account of the fact that slant range
rather than ground range is used. Particularly notice-
able is the “altitude circle,” as in figure 83, which is
formed by the nearest signal, the ground directly under
the plane. Thus, the range of the first echo is the altitude
of the plane. This fact is used as the basis for one type
of radio altimeter.

In addition to the radar, a bomb-release computer is
needed. In one form, this device may mark electronically
the proper course and release point on the PPI tube, or
in another form the signal on the tube may be tracked to
feed data to the computer.

It is obvious from figure 83 that aircraft beyond the
range of the altitude signal would be overlooked in the
ground return. Therefore, a navigational set would be
of relatively little value for collision avoidance. In air-
to-air search applications, such as a night fighter after
a bomber, the beam should be narrow enough so that
it does not strike the ground. TFor example, the SCR-720
used in Army night fighters has a pencil beam which is
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FIGURE 83—Airborne radar photograph taken at low
altitude over Duxbury Bay, Mass.

used with a rapid helical scan. The azimuth scan rate 15
360 revolutions per minute, and the vertical rate is
30 degrees per second. The signals are presented on a
B-scan to determine range and direction of the target,
and on a C-scan to determine altitude. '

The AN/APS-13, which was designed to pr_ovide
warning of a plane closing in from the rear, oﬂcrzf a
possible solution to collision avoidance. This set, which
weighs 20 pounds, operates at 415 megacycles and re-
quires only 90 watts at 27 volts direct current. The an-
tenna, which consists of two folded dipoles, is mounted
in a fixed position and covers 60 degrees horizontally
and 90 degrees vertically. When another aircraft ente.rs
this cone and is within 800 yards, a red light shows_m
front of the pilot and a bell rings. A modification, which
uses the return signal from an object closer th:‘m 800
yards to trip the transmitter, can provide an ."Lud-m t.onc
which rises in pitch as the distance decreases. This gives
the pilot a rough indication of range.

BEACONS AND RADAR NAVIGATIONAL
SYSTEMS: RADAR BEACONS

Radar beacons, unlike the radio beacons now com-
monly in use, do not transmit continuously. The l'ﬂ.d:.'lf
beacon is triggered or “interrogated” by the -radnr in
order to show position rather than just direction. -The
beacon consists of an antenna, a receiver, a tmnsm}ttt’f,
and, usually, a coder. The radar transmitter pul.se, if of
the correct frequency and pulse length, is received and
amplified so that it may be used to trip the beacon trm.}s-
mitter. The transmitter then sends out a pulse or serics
of pulses as determined by the coder. Since the ttrTm de-
lay between the reception of the signal and the ﬁrm.g of
the transmitter is extremely small, the beacon signal
reaches the radar at essentially the same time as the
echo from an object placed at the beacon. Thus, the
beacon response may, in effect, be used to strengthen
the echo from the target.

A wide-band crystal-video receiver may be used on
the beacon where the band of frequencies of the inter-
rogating scts is not too great. However, since the radar
set has a narrow receiving band, the beacon response
frequency cannot readily be spread sufficiently to be
received on all of these sets. Two solutions to this prob-
lem exist. One is to make the frequency of the beacon
transmitter sweep with time. This solution is adequate
where a few seconds may be spent in interrogating the
beacon, the time being spent in waiting for the beacon
response frequency to sweep through the receiving band
of the interrogating system.

The other solution to this beacon response problem is
to have all beacons transmit on a particular frequency.

The radar sets must then have a receiver for the beacon
replies which is tuned to the beacon frequency. The
video output of this receiver can then be mixed with the
radar video for presentation on the scopes. Having the
beacon respond on a separate frequency from the radar
makes possible the presentation of beacon signals only.
The major advantage of this lies in the fact that no
ground echoes appear under these conditions.

Beacons have been used for extending the range of
tracking, since the beacon response essentially is a radar
signal “reinforcer.” They have also been used for the
obvious purpose of marking airfields for aircraft
equipped with radar. Because beacons must receive radar
pulses from any direction, beacon antennas are non-
directional. Therefore, the beacon antenna gain is quite
low. This factor is more than compensated for, however,
by the fact that the power in going from the source to
the receiver need not make a round trip. Hence, the sig-
nal strength falls off as the inverse square rather than
the inverse fourth power of the distance. Therefore, if
the beacon receiver is reasonably sensitive and its trans-
mitter power is of the order of a few watts, the range at
which it may be seen is usually limited only by the hori-
zon. When the beacon receiver is not sufficiently sensi-
tive, the beacon may stop responding when the radar
signal becomes too weak. When this happens, the beacon
response will either be strong at the radar or will not
appear. On the other hand, where the beacon power
output limits the range, the beacon signal will become
very faint before it is lost.

In some aircraft, the P-38 for example, two beacon
antennas are required to achieve a nondirectional an-
tenna pattern because in certain directions parts of the
plane obstruct the radiation from a single antenna. Even
on planes where a single antenna can be employed, con-
siderable care must be used in selecting a satisfactory
location.

The customary beacon antenna on an aircraft is a
dipole, while on ground beacons the antenna may be a
dipole or a short array similar to that shown in figure 55.

BEACON NAVIGATION SYSTEM

Beacon markers may obviously be used as known ref-
erence points for aircraft equipped with radar and have
been used as runway markers for instrument landing.

Because radar range measurements may be made with
an accuracy of 50 feet with suitably designed equipment,
very precise position fixes may be made by triangulation,
as indicated in figure 84. The ranges Ry and Ra from
two beacons at accurately known ground points are meas-
ured. The plane is then known to be at the intersection
of circles of radius Ry and Rz drawn about beacons 1

and 2, respectively, Since there are two intersections,
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the proper one is determined by a rough knowledge of
position obtained by some other means. -

In the “oboe” system two ground stations are used.
The master station is a normal radar, while the other is
merely a receiving station with its range circuits syn-
chronized by a pulse from the master station. The air-
craft carries a beacon which is interrogated by the mas-
ter station. The beacon response is received on both
stations, and the two ranges are accurately measured.
Instructions are given to the pilot by suitable modula-
tion of the radar beam. One pair of ground stations can
handle only a single flight at a time.

In the gee-H, shoran, and micro-H systems, two
ground beacons are used. These are interrogated by a
radar set in the plane and reply on different frequencies

BEACON | BEACON 2

FIGURE 84—Range triangulation.
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or with different codes to enable the operator in the
plane to determine which signal belongs to a given bea-
con. Where precise navigation is not required, the
plane’s position may be determined by drawing circles
on a map about the beacon position. However, where
the position must be known as accurately as possible,
such as in bombing, special indicators and computers
must be used. An claborate calculation making correc-
tions for slant range and curvature of the earth must
also be made. Since this requires considerable time, the
calculations are made before the flight and the plane is
kept on a predetermined path. For aerial mapping the
calculations may be made after the flight if a record is

kept of the range readings at the time a photograph was
taken.

GEE AND LORAN

Although these navigational systems are not strictly
radar, they do use pulse-transmission techniques. Both

i

of these systems are based on the principle that a hyper-
bola is generated by keeping the difference in distance
from two fixed points constant. If stations A4 and B,
(see figure 85(a)), send out pulses simultaneously, a
measurement of the difference in time of arrival of the
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FIGURE 85—""Gee"” system for navigation,

signal from A and from B will determine the difference
in distance of the two stations from the receiver, The
plane or ship is then known to lic on a given hyperbola
corresponding to this difference in distance, Another
such pair of stations will give a second line of position,
the fix being determined by their intersection,

In the gee system, A is the master station which
transmits at fixed repetition rate and alternately trig-
gers two slave stations B and C. These stations all oper-
ate on the same frequency and are displayed on an
A-scope, as indicated in figure 85 (b), the trace from the
pair AC being displaced vertically from that on which
AB appears. The pulse from B or C may be coded to
show which pair of stations corresponds to the lower
trace. The two range intervals AB and AC are used to
locate the position from a map on which families of hy-
perbolas have been drawn. Interpolation between these
calculated hyperbolas is usually necessary. Navigation
can be accurate to a fraction of a mile where the curves
for the two pairs of stations cross steeply, but is poorer
where these curves are nearly parallel on crossing. The

radio frequency is high enough that the range is limited
by the horizon.

L

]

Loran operates on the same principle but uses stations
in pairs, each pair consisting of a master and a slave
station. It also operates on a much lower frequency;
hence the range is not limited by the horizon. The use of
pairs of stations, rather than a triplet as in gee, makes it

- possible to place the stations in positions better for

getting steeply crossing hyperbolas at long range. The
pairs operate on different repetition rates and are identi-
fied by the synchronizing-control setting. Because of
multiple reflections from the ionosphere, the alternate
presentation of stations as in the gee system is not prac-
tical. Fixes are made, therefore, by taking a reading on
one pair and then resetting the oscilloscope to obtain a
reading on a second pair of stations. Map charts are
again used to locate the position of the plane or ship.
Loran will give a fix to better than 5 miles at a distance
of 600 or 700 miles from the stations.

RADAR AID_S TO AR NAVIGATION
AND TRAFFIC CONTROLS

Although airborne radar may be used as a naviga-
tional aid, several serious difficulties exist. As was men-
tioned previously, the ground echoes obscure signals
from planes. However, navigation entirely by beacons
and the use of airborne beacons would eliminate this
difficulty. On the other hand, since it costs about 500
dollars a year to replace a pound of cargo by a pound
of equipment in a commercial plane, the installation of
both radar and beacon would be quite expensive. Fur-
thermore, this installation will not greatly help the con-
trol tower in handling congested traffic at an airport
because the controller does not have direct access to the
information presented on the airborne set.

An alternate proposal which has many interesting

Figure 86—AN/MPN-1 on Guam.
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possibilities is the use of a network of long-range high-
resolution ground stations to watch the air trafhc. This
network provides complete information on aircraft posi-
tion to the control tower, thereby eliminating the de:
pendence of the controller on the pilot for information
as to the location of his plane. The present method of
depending on the pilot to supply this information breaks
down when most needed ; namely, when the pilot is lost.
If the signals from these ground radars are mixed with
a "video map” on which air routes and fields are marked,
the controller can see on his PPI when a planc is off
course. Although controllers on the ground could con-
tinually direct the pilots in course, altitude, and speed,
a much more satisfactory solution would be to use a
radio link to relay the radar picture to the plane where
the pilot or co-pilot could keep a continual check on the
course and on the presence of other aircraft. Such a relay
system has been operated on the ground very success-
fully, but the receiving system needs re-engineering for
aircraft use. Only a receiver and PPI are needed in the
plane; the weight, therefore, would be considerably less
than for an airborne radar, and the radar coverage would
be far greater than could be achieved with an airborne
set. Where positive identification of a particular plane

_is required, the plane may be equipped with a beacon.

Since a system of this type would be more useful near
an airport than on long flights across open country, the
installations might be limited to heavy traffic areas, the
present types of navigational systems being used be-
tween these areas. A program of comparative tests and
further development is needed to work out the proper
solution to the airway problems which are already seri-
ous when visibility is poor and will increase with the
volume of air traffic. At present the problem of naviga-
tion is fairly well solved, but the problem of traffic con-
trol requires considerable research.

Radar has made a contribution to the instrument-
landing problem. Although the AN /MPN-1, shown in

figure 86, is by no means a complete solution to this
problem, it has alreadyksa‘fely landed a number of air-
craft which would otherwise have been abandoned by
parachute. This"set is most su:itablé for use v'{here there is
a low ceiling with fair visibility at low altitude, so that
the pilot may make the final touchdown visually. It has,
therefore, been nicknamed GCA (ground control of ap-
proach). It is a high-resolution search set which is used
to locate the plane. The proper approach line and the
runway are drawn on a large PPI. There is also a rapid-
scan height finder which displays the height of the plane
on an RHI. The desired glide path is marked on this
tube. A controller verbally tells the pilot how to turn to
get on and stay on the proper course, and at the same
time gives directions to keep the plane on the desired
glide path. When the plane breaks through the overcast,
it should be in the proper position for the pilot to take
over and land visually. The advantage of this system lies
in the fact that no special equipment is needed in the
plane. The chief disadvantage is the number of human
links in the chain, any one of which may make an error
in judgment. A system operating on this principle may
become standard airport equipment to take over in the
event of failure of a more elaborate system and to handle
planes which are not equipped for instrument flying.

Since navigation and aircraft control will be the greal-
est peacetime uses of radar, a considerable effort wil] be
expended in the next few years in adapting the tech.
niques used on war equipment to the design of suitable
sets for these purposes. Military sets were designed for
specific purposes and were often rushed into service pre-
maturely; hence, most of them are not immediately
adaptable to civilian uses. Suitable radars for ship
navigation and collision avoidance are probably more
nearly ready for use than those required for the aircraft
field where the problcm is three-dimensional and speeds
are high. Radar for air navigation and traffic control
will require considerable development and operational
test before commercial use is satisfactory.

Although you may have heard otherwise, the Bureau of Ships desires that you
follow this easy way to prepare your Ship’s Electronic Equipment Inventory report
forms. Doesn’t seem logical, does it? But it’s the truth: Whenever any electronic
equipment is moved, installed, or removed, or when your annual report is due,
just take the single machine-printed copy of the inventory and correct it with
red ink or red pencil. Draw lines through items removed, and insert the listings
of new items on the extra lines provided. Put the date of this revision in the
upper-right corner, and mail it to the Bureau. That's all there is to it!

In case your carbon copy of the machine-printed
I.B.M. list is not available, however, you may follow
instructions contained in Enclosure B of BuShips
letters (Ser. U-980-324 and 325) of 23 August
1946. Blank copies of the I.B.M. forms (NavShips-
4110) should not be requested, as they are for use
only in the I.LB.M. machines at the Bureau.

Note that you are NOT to re-type the entire in-
ventory, or any part of it; merely return your copy
of the I.LB.M. printed form after making the correc-
tions as described. The Bureau will print the cor-
rected list by machine, including any extra copies
that may be required, and send you a copy.







