
is excited it re-radiates, creating a radiation field
of its own. This is the way in which radar
"echoes" are produced.

When the radiation field of the conductor is
strong, it will change the radiation pattern of
the original antenna in two ways. First, IR2
losses in the conductor absorb power from the
radiation field. This reduces the field strength
in areas beyond the conductor. Second, the re-
radiated field combines with the antenna radia-
tion field and produces random phase relation-
ships. If they occur in phase, a strong resultant
field will be present in the area. If they are out
of phase, the field strength will be low. Usually
the presence of conductors is undesirable . .Some-
times they are deliberately placed by the an-
tenna to distort the field strength pattern.
This is discussed later under arrays.

INTRODUCING ENERGY TO THE ANTENNA

Although energy may be fed to an antenna
in a variety of ways, most antennas are voltage
fed or current fed as shown above. When the
excitation energy is introduced to the antenna
at the point of high circulating currents, the
antenna is said to be current fed. When the
energy is introduced at the point of maximum
voltage, the antenna is said to be voltage fed.

It is seldom possible to connect a generator
directly to an antenna. Instead it is necessary
to use RF lines to carry the energy from the
generator to the antenna. The RF lines which
carry the excitation energy might be resonant
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Feeding Antennas with Resonant Lines

In a voltage fed half-wave antenna which is
excited by a resonant RF line, as shown at A be-
low, the end of the antenna is connected to
one side of the line. Voltage changes at that
point excite the antenna into oscillation. The
impedance at the end of the antenna is high,
since there the voltage is high and the cur-
rent there is low. The RF line shown is a half-
wave length two-wire line. The impedance of
such a line is usually low in order that the
high impedance at which it is terminated will
set up standing waves on it. In addition it is al-
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Feeding Antennas with Non-Resonant Lines

ways a multiple of quarter wavelengths electri-
cally in order that it will act like a resonant cir-
cuit. This makes the input to the line also a high
impedance. A parallel resonant circuit is used
to develop a high voltage across this high input
impedance. Small irregularities in line lengths
can be compensated for by tuning the parallel
resonant circuit at the input.

In the current fed antenna with a resonant
line shown at B on the preceding page, the RF
line is connected to the center of the antenna.
This antenna has a very low impedance at
the center and, like the voltage-fed antenna,
has standing waves on it. It also is a multiple
of quarter wavelengths and is a resonant cir-
cuit. Making it exactly a half-wave length causes
the impedance at the sending end to be low. A
series resonant circuit is used to develop the
high current necessary to excite the line. Ad-
justing the condensers at the input compensates
for irregularities in line and in antenna length.

Although these examples of feeding antennas
are simple ones, the principles described apply
to antennas and to lines of any length-provid-
ing both are of resonant length.

The line which is connected to the antenna can
be a two-wire or a coaxial line. In radar equip-
ment the coaxial line is preferred.

One advantage of the resonant line is that it
makes matching devices unnecessary. In addi-
tion it makes it possible to compensate for in-
correct antenna lengths by transmitter tuning.
Its disadvantages are increased PH losses due
to high standing waves of current on the resonant
feed lines, increased possibility of arc-over
between lines due to standing waves of voltage,
very critical length, and production of radia-
tion fields by the two-wire line due to the stand-
ing waves on it. Radiation fields are undesirable
because they distort the normal radiation pat-
tern of the antenna.
Feeding Antennas with Non-Resonant Lines

The illustrations to the left show the exci-
tation of a half-wave antenna by non-resonant
lines. As the input to the center of the antenna
at A is 73 ohms and as a coaxial cable with the
highest Q has a characteristic impedance of
73 ohms, the most common method to feed this
antenna is through a coaxial cable connected
directly to the center of the antenna. This
method of connection produces no standing
waves on the line (coaxial cable) when a genera-
tor is matched to the line. Coupling to the gen-
erator is usually made, as you see at A, through



a simple untuned transformer secondary. Another
means of efficient transfer of energy to the an-
tenna can be accomplished by a twisted pair
line as shown at B. In a twisted pair the im-
pedance is about 70 ohms. It, like the coaxial
cable, provides a good impedance match.

When a line does not match the impedance of
the antenna, it is necessary to use special im-
pedance matching devices. Any of the impedance
matching RF lines discussed in Chapter 9 are
adequate for this purpose. An example of a type
of impedance matching device is the delta match
shown at C. It gets its name from the fact that
the wires form the Greek letter Delta at the
antenna.

The delta match is used to match a line having
more than 73 ohms impedance to the center of an
antenna. The line in the example shown is a
600-ohm line. The connections from the line are
spread apart at the antenna until the impedance
between connections is equal to 600 ohms.

In the delta match as the connections are
moved away from the center, the voltage be-
comes higher and the current becomes lower.
The ratio between these, known as the Ell
ratio, increases from a very low value at the
center to several thousand ohms at the ends.
The two connections are set at the point where
this ratio is equal to 600 ohms. This is the
same as matching various impedances along a
shorted quarter-wave section of line.

Another method of matching impedance is
the quarter-wave stub match shown at D. In
the quarter-wave stub match the high impedance
at the end of the antenna matches the open end
of the stub. The impedance on the stub varies
from zero at the short circuit to several thousand
ohms at the open end. This makes it possible
to connect a 70 ohm coaxial line a short distance
from the shorted end at the 70 ohm point. It is
possible to match almost any impedance along
the length of the stub.

Still another impedance matching device is the
quarter-wave transformer (see E). This device is
used for matching the low impedance at the
antenna to the line of higher impedance. In the
example shown, the characteristic impedance,
Zo, of the quarter wave section is equal to 210
ohms. With this matching device standing waves
will exist on the antenna and the quarter wave
section but not on the 600 ohm line itself.

Non-resonant lines are characterized by small
radiation, low voltage at all points for any
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Exciting Antenna by Radiation Fields
from Nearby Antenna

given power, and non-critical length. In addi-
tion they are preferred for the transfer of power
over distances greater than one or two wave-
lengths.
Exciting Antennas by Radiation Fields

The antenna may be excited either by a direct
connection or by radiation (induction fields)
from nearby antennas. A half-wave antenna
driven by a directly connected generator is
shown in the illustration above. The fluxfrom the
driven antenna expands and cuts the other
element and induces in it a current which varies
at a frequency nearly equal to the exciting fre-
quency of the driven antennas and which in
turn causes additional radiation fields. When the
antenna elements are properly designed, the
radiation field resulting from the induced cur-
rent will be nearly as strong as the original fields.

Besides being excited by a nearby antenna,
an antenna may also be excited by radiation
fields from a distant transmitting antenna. This
takes place in any receiving antenna. In a re-
ceiving antenna the current which is conducted
to the receiver is the result of current induced
by radiation fields generated by the transmitting
antenna.

ANTENNA ARRAYS

There are uses for antennas where it is desir-
able that the radiation be absolutely non-direc-
tional and other uses where the antenna must be
very sharply directional. In the latter case the
antenna system Usually consists of two or more
simple half-wave elements so spaced that the
fields from the elements add in some directions
and cancel in others. The set of antenna elements
is called an antenna array. There are two types
of antenna arrays-driven arrays and parasitic
arrays.
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Driven Array
The driven array consists of two or more

elements with all elements connected to the
generator. They may be divided into three
basic types-the broadside array, the end fire
array, and the collinear array.
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Broadside Array

BROADSIDE ARRAY. When two half-wave ele-
ments are placed one half wave apart and parallel
to each other and excited in phase, most of the
radiation takes place in a direction perpendicular
to a plane through the elements. The arrange-
ment and radiation pattern of a broadside array
is shown in the illustration above. In it, the radia-
tion pattern is shown in solid lines. Increasing
the number of elements makes .the pattern
more directional. Tills increased directivity is
shown by the dotted lines.
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End Fire Array

END FIRE ARRAY. When two elements are
spaced a certain fraction of a wavelength apart
and are excited out of phase by the same frac-
tion of a cycle, the radiation is directional in
the plane of the array and perpendicular to the
elements. It is also off the end of the array. This
is the reason why the array is called end fire.
If the spacing in an end fire array, for example,
is Y2wave, the two elements are excited Y2cycle
or 1800 out of phase. This causes the bidirec-
tional pattern shown in illustration at the bot-
tom of the page. A uni-directional cardioid
pattern can be obtained with }i wave spacing
and }i cycle (90°) phase difference in excitation.

COLLINEAR ARRAY. A collinear array is formed
when two half-wave elements are placed end to
end and excited in phase. In a collinear array
there is no directivity in the plane perpendicular
to the antenna, but there is a sharp pattern in
any plane containing the antenna. As .•.'lith any
of the other arrays, increasing the number of
half wave elements increases the directivity of
the pattern.
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Parasitic Arrays

A parasitic array is an antenna system which
consists of two or more elements in which only
one of the elements is driven. The other element
(or elements) is excited by induction and radia-
tion fields which are produced by the driven
element. With parasitic arrays it is possible to
obtain highly directional patterns.

The action in a parasitic array is analogous
to the action in a transformer in which the pri-
mary induces a current in the secondary and
the current in the secondary produces a magnetic
field, which in turn induces current back into the
primary. Its action differs from that in a trans-
former in that where the phase relationship be-



tween the primary voltage and secondary current
in a transformer is always 90°, the phase rela-
tionship between elements in an array varies
according to the spacing between the elements.
The elements are usually spaced an appreciable
part of a wavelength apart.: This makes it
possible for the phase difference to vary over
a range of more than 80°.

In a two element parasitic array, shown to
the right at A, the driven element (labeled A)
is cut at the center for connecting a low imped-
ance feedline. The length of the driven element
is a half wavelength. This makes it self resonant.
The parasitic element called the parasite is
located 15% of a wavelength in space from
the driven element. It is about 5% longer than
the driven element.

Another diagram at A shows the phase rela-
tionships in the parasitic array vectorially. Vec-
tor id, which represents the current in the driven
element, is in phase with the h-field. The part
of the h-field that cuts the parasitic element lags
the field which leaves the driven element by .15
of a cycle. (This is the time elapsed during the
travel between elements.) The lag is equivalent
to 54°. The flux at the parasite is shown by
vector ¢i. It lags id by 54°. The voltage induced
by the field is 90° out of phase with the field.
This voltage is represented by the vector Ep.
If the parasitic element were resonant, the cur-
rent in it would be in phase with Ep. But the
parasite is longer than the resonant half wave
length. A long antenna is inductive and the cur-
rent in this element will lag the voltage by 36°
if it is approximately 5% longer. The radiated
field will be in phase with this current. In sum-
mary, the field starting out from the parasitic
element will be 180° out of phase with the field
leaving the driven element.

If the polar diagram for two elements spaced
.15 wavelength apart and excited out of phase is
plotted, the curve at A results which shows that
most of the radiation is on the side of the driven
element which is away from the parasitic ele-
ment, while very little occurs on the side of the
parasite.

The parasite acts somewhat like a reflector,
since it directs most of the power to the other
side of the driven element. Because of this ac-
tion, the parasite in this parasitic array is also
called the reflector.

Another point is that the field passing from
the reflector cuts the antenria (driven element)
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and induces a voltage in it. This voltage changes
the input current. The input impedance, which is
a function of this current is about 50 ohms as
compared to 73 ohms for the antenna alone.
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A parasitic element becomes a director when
it is made shorter than the antenna element. In
a director most of the energy is sent in a direc-
tion from the antenna element to the parasitic
element. To see what takes place note the radia-
tion pattern and the arrangement of the array
in the diagram at B on the preceding page.
The director is usually 5% shorter and about
.1 wavelength from the antenna. Sometimes
the impedance is reduced to 20 ohms at the
driven element in this array.

In radar systems, the parasitic array usually
consists of 2 to 7 elements. Notice the element
array called a Yagi antenna at C. In it the an-
tenna or driven element is insulated, but the
reflector and all directors are welded to a piece
of tubing which runs parallel to the direction
of propagation. The beam width of this array is
19°. The four element Yagi shown at D is con-
structed similarly to the one at C. It has a beam
width of about 50°.

The conventional method for describing the
directivity of an antenna array is in terms either
of the ratio of the power in the best lobe to the
power radiated by a simple half wave antenna,
or the ratio of the power in the direction of the
best lobe to the power in the opposite direction.
The direction of the best lobe is usually called
forward direction, while that in the opposite
direction is called the backward direction. In
other words, this ratio is the power in the forward
field to the power in the backward field. For
example, the front to back ratio of the an-
tenna array illustrated at B was about 5:1.

In decibels, this represents approximately a
7 db gain. The ratio between forward power
and power from a single half wave antenna
is about 4 db. The gain of an array using a
reflector is somewhat less than the gain in
the arrays just illustrated. For this reason, two
element arrays used with radar equipment us-
ually employ a driven element and a director.

Comparisons between the more directive types
of arrays are made in terms of the beam angle.
This angle is the angle between half power points
in the main lobe.

In arrays the half power points are the points
where the electric field strength is .707 as great
as that along the axis of the bearn.

In multi-element arrays the input impedance
drops as low as 15 ohms. In these arrays special
matching devices are needed for matching this
low impedance to the higher impedance of most
RF lines. One method for making the match is
to use the Delta matching system previously
described. Another method, the one most often
employed in radar equipment, uses the folded
dipole as shown below.

A folded dipole is a full wavelength conductor
which is folded to form a half wave element.
A better description is that it consists of a pair
of half-wave elements connected together at the
ends. In it the voltage at the ends of each ele-
ment must be the same. In operation the field
from the driven element induces a current in
the second element. This current is the same
as the current in the driven element.

DIRECTORS- .:::;:::===::;~2:=====7
\

STREAMLINED INSULATING

BULLARD ~ .•••--'1

ANTENNA ---"'~~~~~~~:/~f~~~~~~~~~
REflECTOR<,

4 ElEMENTS YAGI USING FOLDED DIPOLE

1-

I-~

FOLDED DIPOLE

Folded Dipole



An ordinary dipole with a given current I
produces a certain field intensity in space. Due
to this field, there is also a certain power den-
sity per square meter in space. This power den-
sity is produced by the input power P. The re-
lationship between the input resistance, the cur-
rent, and the input power is expressed by the
equation, -

P
R=--

I'

Another consideration with the folded dipole
is that when the same current I exists in each
of the two sections, the field strength in space is
doubled. This causes the power density per
square meter to increase four times. In turn the
input power must be four times as great. In this
case to balance the equation, it is necessary to
multiply R by 4 as follows:

4P
-=4R12

,So long as each section of a dipole has the same
diameter, the input resistance is four times that
of the simple half wave dipole. Increasing the
diameter of one section makes the increase in
impedance still greater. The input impedance
to the driven element of a parasitic array drops
to about a fourth of the value of the coaxial
cable impedance, but the use of a folded dipole
increases the impedance by about four times.
In this way a good impedance match is effected.
Interconnection of Elements in Arrays

There are a variety of ways to connect the
elements in an antenna array to obtain the re-
quired phase of excitation. The most convenient
method to change the phase from one element to
another element a Y2wave apart is with an RF
line. In the broadside array shown above at A,
one element is excited directly from the trans-
mitter. This element is connected to the other
element by a half-wave length of RF line.
The phase of the voltage along the RF line
is shifted 1800 per each half wavelength. The
leads to the second driven element are reversed.
This causes another 1800 phase shift. The second
element is then excited in the same phase as the
first.

It is possible to connect any number of ele-
ments in this manner. In addition increasing the
number of elements makes the array more di-
rective.

In the end-fire array at B the elements are also
interconnected with RF lines. But instead of
reversing the leads to elements, they are con-
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Connecting Half- Wave Elements to Obtain
Proper Phase Relationship

nected directly to take advantage of the phase
shift. With half-wave spacing, the interconnect-
ing line will be half wave long and provide a
1800 phase shift. If quarter-wave spacing is
used, the interconnecting line will be a quarter
wave long. This arrangement produces a 900

shift.
The usual method for providing the correct

phase in a collinear array is shown at C. Since
the current direction changes for each half
wave length of an antenna, it is not possible to
connect the half-wave sections together directly.
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Instead, the half-wave section which carries
the current in the wrong direction is folded to
form a quarter wave section of RF line. This
brings the ends of the sections in which current
flows in the same direction together. In other
words, in terms of voltage, it is necessary that the
two antenna sections have voltages which are
opposite polarity at the open end. Further,
note how the line to the transmitter is connected
at C. The connection is made at a point of very
high impedance. This requires the use of a reso-
nant line. If, however, a non-resonant line is to be
used, it must be connected as shown by dotted
lines. In the diagram the connections near the
closed end of the quarter wave section is a
point of low impedance. Another way of correctly
exciting a collinear array is by a waveguide. This
method is described later.

The Parabolic Reflector
When a multi-element broadside array is

excited, the e-field which exists in front of the
antenna will be in a single plane as shown at A
below rather than in an arc as is the case in a
single half-wave element. The larger the dimen-
sions of this plane in terms of wavelengths, the
greater is the directivity of the antenna system,
and the narrower the radiated beam.

Although a multi-element broadside array
gives good results, it is quite complicated in

structure. In it every element must be driven,
and all spacings and dimensions must be quite
exact. A much simpler device for producing
an electric field in a single plane is the parabolic
reflector. As you can see in diagram B below, the
parabola has its focal point at F. If a single an-
tenna is placed at F and caused to radiate a
field, the electric field will leave the antenna in
all directions at the same rate in the form of an
arc as indicated at point A. As each part of the
wavefront reaches the reflecting surface, it is
shifted 1800 in phase and sent outward at an
angle of reflection that is equal to the angle of
incidence. All parts of the field will arrive at line
BB' at the same time after reflection because all
paths from F, to the reflector, to line BB' are
equal in length. Thus you see that with only one
antenna and a specially shaped reflector, it is
possible to produce a large electric field in a
single plane. Or, looking at it another way, all
parts of the field travel in parallel paths after
reflection from the parabola in a way that the
rays are focused like the headlight beam from
an automobile.

Like the broadside array, high directivity is
not obtained until the diameter of the parabolic
reflector is made many wavelengths long. This
prohibits the use of the parabolic reflector at low
frequencies, but for three- and ten-centimeter
radar equipment they are very practical.
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Dipole for Exciting Parabolic Reflector in
10 eM System

In the illustration above showing the exciting
antenna for a parabolic reflector, the half-wave
dipole is mounted a quarter wave back from the
short on the coaxial line. To sharpen the focal
point the antenna is physically less than a half
wave long. However, the balls at the end make
it electrically a half wave long. This broadens
the band of frequencies it will handle. The air-
tight cylinder in which the antenna is enclosed
permits the coaxial line to be pressurized. The
inner surface of half the cylinder, that is, the
side away from the parabolic reflector, is coated
with a reflecting foil. This reflecting surface
directs energy from that side of the antenna into
the large reflector. Without this reflector half
of the antenna radiation would be non-direc-
tional.

Orange Peel Parabola with Wa,veguide Feed
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The natural directivity of a dipole causes the
pattern from a parabolic reflector to be some-
what sharper in the plane containing the dipole
than in the other plane. For this reason, the
dipole is erected horizontally for maximum azi-
muth accuracy in radar systems. If vertical ac-
curacy is of primary importance, the dipole is
mounted vertically.

Other methods of preventing the direct for-
ward radiation use a parasitic reflector with the
half-wave dipole, and a disc which is placed in
front of the dipole.

When a wave guide is used in the RF system,
it is possible to send the energy into the parabolic
reflector with a horn radiator. In this case an
orange-peel reflector, or section of a complete
circular paraboloid as shown below may be used
as the reflector. The feed is by a waveguide, and
a horn type radiator. The horn just about covers
the shape of the reflector and prevents very little
RF energy from escaping at the sides. This
arrangement is highly directive in the vertical
plane. It is used principally to determine the
altitude of airplanes.

TYPICAL AIRBORNE ANTENNA SYSTEMS

THE 175 MC ANTENNA SYSTEM

Before lO-cm and. 3-cm radar equipment was
developed most radar sets operated at a fre-
quency of about 175 mc. Today most of these
low frequency sets are obsolete. However, one
which was still in use at the close of the last
war is a small airborne set which is used to trig-
ger radar beacons and radar blind landing sys-
tems. In brief, this is how it works. The trans-
mitter sends out a 175 me pulse. When this
signal is intercepted by. the radar beacon, the
beacon immediately transmits another pulse
which has a frequency slightly different than
the one sent out by the transmitter. This
new pulse is picked up by the set's receiving
antenna and as this antenna is directional,
it indicates the direction from which the bea-
con pulse came. From the direction indicated
by the antenna and the range indicated by
the time base, it is possible to determine the
position of the beacon from the aircraft.

The illustration on the next page shows the
placement of the antennas used with this
set on the aircraft. As you can see, the trans-
mitting antenna consists of two quarter-wave
grounded antennas, one on each side of the air-
plane. The skin of the airplane forms the ground,
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or the reflecting surface. These antennas are
equivalent to two half-wave antennas placed
end to end and spaced somewhat apart, Both
are fed by a coaxial cable from the transmitter.
This cable is split by a T-junctjon into two
cables, each of which goes to the antennas.
As these cables are equal in length, each an-
tenna can be fed in phase. Further, since no
reflectors are used, the antenna system is only
directional in the plane perpendicular to its axis.

The receiving antennas consist of a pair of
separate two-element arrays. Each array is
connected to the receiver by a separate coaxial
cable. This cable in turn connects to a half-wave
dipole. The dipole removes most of the real'
lobe. This makes the forward gain high. (The
impedance at the input is not reduced enough in
this array to require a folded dipole.) A parasitic
director is mounted ahead of the antenna. The
mounting, director, and extension holding the
director are welded into one piece, while the an-
tenna is insulated from this with a streamlined
block of low-lossmaterial.

The receiving antennas are mounted on the
side of the aircraft in the manner illustrated. One
on each side produces a pair of antenna patterns.-
The right antenna is mostly directional to the
right, while the left antenna has its greatest
lobe to the left. This means that a signal source
to the left of the aircraft will cause a greater cur-
rent to be induced in the left antenna than in
the right antenna. By rapidly switching the
indicator between left and right antennas it is
possible to determine by the relative signal
strengths the approximate position of the signal
source.

A 400 Me At-HENNA SYSTEM

A typical example of a set which uses a 400
me antenna system is the 400me radar altimeter.
In this set both a frequency modulation system
and a pulse modulation system are employed.
Both systems operate at the same frequency and
cover a wide band characteristic. The antenna
used is interchangeable between the two modu-
lation systems.



MOUNTING OF 400 MC ANTENNAS ON PURSUIT PLANE~~=.;

As you can see in the illustration below the
antenna is a half-wave dipole constructed
of a large diameter tube which is divided at the
middle and mounted in the slip stream. Ai;
it must be able to withstand air pressures
at speeds up to 600 MPH, it is streamlined
by rounding at the ends. It is rigidly mount-
ed on a pair of brass tube supports. Each
tube is exactly equal to a quarter wavelength
and is welded to a plate that mounts on the air-
plane. Together, the tubes form a quarter-wave
section which is shorted at the bottom end and
is open at the antenna end. Each half of the
antenna connects to a part of the leg of this quar-
ter-wave section. The entire antenna is perfectly
insulated by a quarter-wave metallic insulator.

The entire section is connected electrically to
the antenna through a coaxial cable. One of the
tubes supporting the antenna is the outer con-
ductor for the coaxial cable. A wire through the
center of this tube starts from a coaxial connec-
tor at the mounting plate and ends at the oppo-
site half of the antenna. Because of the split
sections, a bakelite rod inside the antenna
tubing is used to give the antenna mechanical
strength. The half sections are insulated from
one another by a ceramic bushing.

Two antennas are employed with each installa-
tion-one for transmitting and the other for
receiving. Usually each is mounted under a
wing. Usually the part of the aircraft which is
located between the antennas serves to atten-
uate any direct signal radiation between them.
The signal desired is the one that goes from the
transmitting antenna to the earth and then re-
turns to the receiving antenna. Each antenna is
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400 MC Antenna Dimensions and Polar Diagrams

mounted a quarter-wave length from the metal
skin of the airplane. The image antenna in the
skin is a half wave from the real antenna and
excited out of phase. This produces a virtual
two-element end-fire array. Since no radiation
fields go through the skin, all radiation is di-
rected downward in a somewhat narrowed lobe,
as you can see in the side and front view of the
radiation pattern shown in the illustration
above. The large diameter of the antenna itself
makes it broadly resonant and causes its charac-
teristics to be fairly uniform over the 40 me
band width of the equipment.

400 MC Antenna
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HALF POWER OR .7 VOlTAGE POINTS

Polar Diagram

A 3-CM ANTENNA SYSTEM USING A PARABOLIC
REFLECTOR

A typical example of a set with a 3-cm an-
tenna system using a parabolic reflector is a
radar-navigation bombing set. As a naviga-
tional aid, this set is required to present a clear-
ly defined picture of the terrain in all directions,
both near and far, from the aircraft. This re-
quires high definition in both azimuth and range.
Good azimuth definition is provided by a sharp-

ly focused parabolic reflector. All directions are
covered by rotating the antenna system through
360°. Good range definition is provided by a
transmitted signal composed of a super-high
frequency carrier and a very short pulse. Pre-
sentation of near and far areas simultaneously
is accomplished with a special-shaped reflector
called a cosecant-squared reflector.

The entire antenna assembly is mounted on a
rotating base which is turned by an electric
motor. The system uses a 1 x Yz inch wave-
guide for RF plumbing. A rotary waveguide
joint, of the type previously shown, brings the
signal through the rotating base. When the
reflector is tilted vertically, the signal goes
through a second rotary joint at the tilt axis.
The waveguide is finally terminated in front
of the reflector in a Cutler-feed radiator, which
in reality is a cavity at the end of the waveguide.
It can be considered as two small waveguides
formed as a result of dividing the main wave
into two halves and bending each half through
180 degrees. The fields emerge from openings'
or slots that are a half wave apart as shown
below. The waveguide is tapered in the
non-critical dimension to fit between the slots.
The cavity impedance is matched to the wave-
guide by the matching screw. This adjustment
is made at the factory and soldered in posi-
tion. The radiated field is horizontally polar-
ized. The design of the cavity is such that
the energy striking the reflector decreases
sinusoidally from the center toward each edge.
Upon being reflected, the parabolic shape
forms a horizontal radiation pattern which is only
3° wide at the half power points as shown above.
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A SHARP VERTICALANTENNA DOES NOT "SEE" WHOLE FiElD OF INTERESTAT ONCE.
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When the parabolic shape is held in the ver-
tical plane, an equally sharp, but undesirable,
beam forms like the one illustrated above at A.

As mentioned before, it is necessary to obtain
satisfactory indications from objects at different
ranges with this set. There are a number of de-
vices on it that make this possible. For example,
when the adjustment is set for receiving near
objects, the gain of the receiver is too low for
the returns from far objects to be visible. This is
gotten around by using the specially shaped re-
flector which spreads the available RF field
evenly over the entire usable range.

When the aircraft is airborne, the polar dia-
gram should be a straight line which is parallel
to the earth as shown at B. If you designate the
distance from the airborne antenna to the point
of given electric field intensity as r, then this
distance varies as the cosecant of the angle cpo
This produces a series of points of equal field

intensity, all of which lie on the straight line
MN. If the electric field intensity varies as the
cosecant of the angle, then the power density
pattern will vary as the square of the cosecant
of cpo This gives rise to the name cosecant-squared
antenna. The special skirt added to the antenna
produces the pattern illustrated above at C.

Usually, the antenna assembly is mounted
below the fuselage on airplanes where the radia-
tion is unobstructed in all directions. It is pro-
tected from the slipstream by a streamlined
housing called the radome. The radome is con-
structed of material which causes low attenua-
tion to fields which pass through it. Inferior
radome materials will cause reflections from the
inside surface. These radiations set up standing
waves all the way back to the magnetron and
cause it to change frequency. In addition, the
reflections change as the antenna rotates.



RADAR CIRCUIT ANALYSIS 12-26

1'-

\
\
\
\

"-
-, -,

<, ----
Cutaway View of 3 CM Collinear Array

A 3-CM ANTENNA SYSTEM USING A COLLINEAR
ARRAY

Another radar set, which has many of the same
features as the preceding set,uses a 3 ern antenna
system with a collinear array. It obtains superior
azimuth definition by virtue of its improved
antenna system. This set requires high azimuth
and range definition for area bombing. In it
high range definition is provided by a high-
frequency short-duration pulse. Azimuth defi-
nition is provided by an antenna with a pattern
only .40 wide.

For transmitting energy from the transmitter
to the antenna, this set uses 3 cm I" x Yz"
waveguide plumbing.

Although the three centimeter antenna itself
looks like a small wing, it is actually 18 feet
long. It is practical as equipment on medium-
heavy and heavy bombers. High directivity is
obtained with this antenna by using a collinear
array with 250 half-wave elements placed end
"toend. The cutaway view above shows a few of

QUARTER WAVE
SLOT

QUARTER WAVE
SLOT

these antennas located at the leading edge of the
"wing". The RF can go through the plastic
covering of the leading edge. The trailing edge
is covered with the usual sheet aluminum. The
entire interior of the wing is sealed for pressuriza-
tion and to permit heating for de-icing.

All 250 of the antennas are mounted on the
side of a wave guide as shown below. Each is
fed by a coaxial line from a probe in the in-
terior of the waveguide. The center conduc-
tor comes out the antenna end of the coaxial
line and is bent over to form one-half of the
dipole. The other half is connected directly
to the side of the coaxial line. The outer con-
ductor is split with a slot a quarter wave deep.
In order to insulate the inner and outer conduc-
tor, a half of the dipole is connected to one side
of the quarter wave slot while the center con-
ductor and the other half of the dipole is soldered
to the other side of the slot at point where it
passes. The probe associated with each antenna
extracts energy from the waveguide or delivers
energy to it. Energy enters from one end of the
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CENTERCONDUCTOR SENT TO
fORM OTHER HALF OF DIPOLE - -

ONE HALF OF DIPOLE CONNEGED ~-
TO OUTER CONDUCTOR

Detail of Antenna and Waveguide Construction
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waveguide and proceeds to the other. As each
probe is excited, the field becomes weaker. For
even excitation of all antennas, the probe depth
is very small at the end of the waveguide. Each
succeeding probe is inserted a bit deeper into
the waveguide. Since energy is sent from either
end of the waveguide, the probes are actual-
ly short at each end and deep in the center.

It is necessary to excite a collinear array in
such a manner that all elements are in phase
electrically. This is so that most of the direc-
tivity be perpendicular to the antenna. The man-
ner of exciting the antennas is shown in the
illustration above and at A below. The power
from the transmitter proceeds through a two-
way RF switch which diverts the energy to the
right or left in the waveguide loop. As is shown,
the power flow is to the right, around to the
end of the waveguide which has the probes
in it. Energy goes through this section, excit-

r!L
Clr

A WIDE DIMENSION NORMAL

~

..-:;.,
.»:=:::-.

B WIDE DIMENSION REDUCED TO 3 4 NORMAL

RELATIONSHIP OF ANTENNAS AND FIELDS IN THE WAVEGUIDE

RADAR CIRCUIT ANALYSIS 12-27

ing all antennas, then around through a re-
turn waveguide, through the RF switch, and
into a ceramic block, which absorbs the re-
maining power with very little reflection.

In passing the probes, the traveling waves are
orientated with the probes as shown in the illus-
tration below at A. Here you see the analogy of
plane electromagnetic fields being employed. The
antennas are spaced so that a half wave of the
RF field exists between each antenna. This will
excite each probe exactly 180 degrees out of
phase. To cause the antennas to be in phase,
alternate antenna connections are reversed.

An additional requirement in this system is
that the beam direction must be variable so
that a wide area may be scanned. As mechanical
rotation of the huge "wing" is impractical, its
direction is changed electrically. The main
waveguide which contains the probes is actually
composed of two parts. A stationary part forms
one wall and the bottom of the guide, while a
movable part forms the opposite wall and the
top. The movable part slides vertically, main-
taining the distance between walls, but changing
the distance between top and bottom. Chang-
ing this distance changes the relation between
the wavelength of the RF energy and the wide
dimension of the rectangular waveguide. A physi-
cal gap is present at the junction of the moving
and stationary parts, right at a high current
point. However, an electrical short circuit exists
at the junction by virtue of a quarter wave slot
located a quarter wave from the junction. A
sort of choke joint is formed by the slot. You will
recall from waveguide theory that such a change
in the presence of an RF signal of constant fre-
quency will change the wavelength in the wave-
guide. The change of this dimension is illustrated
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in diagram B. Here the change is from normal
to % normal. When normal, the antennas are
exactly a half wave apart in the waveguide, and
each is excited in the same part of the cycle at
any time. When the dimension is decreased, the
wave is said to travel across the waveguide at a
greater angle, which makes the waveguide wave-
length longer. In illustration B, the antennas are
only .3 wavelength apart. With this relationship,
each antenna willbe excited in a slightly different
phase. Note that the antennas occur at different
places in relation to the RF field that is passing
at the moment.

The illustration at D shows the effect of this.
The curved arrows represent the E-:fieldat the
peak of the cycle. Because of the phase difference
between antennas, antenna 4 reaches the peak
first, then antennas 3, 2, and 1 reach the peak
in quick succession. At the instant shown, this
part of the electric field is farther away from
antenna 4 than from antenna 3. This inclines
the plane of the electric field from the combina-
tion of antennas, and the greatest :fieldstrength
will occur in a direction perpendicular to the
plane. When all antennas are fed in phase, all
electric fields start out simultaneously, causing
the plane of the combined E-fields to be parallel
to the line of the array.

The limit of the phase shift is the point where
the waveguide dimension is reduced to cutoff.
For opt.irnurn transmission the waveguide should
be .7 wavelength. This is the dimension for a
beam dead ahead. For changing the beam, the
dimension is reduced to .525 wavelength. This
is the just above cutoff dimension and will
divert the beam to an angle of 30° from the
perpendicular. So the maximum deviation of
the beam from dead ahead is 30°.

The beam is directed to any direction in be-
tween these limits by adjusting the size of the
waveguide to intermediate values.

The beam is pointed 30° in the other direction
by reversing the direction of power flow through
the waveguide. If the vane of the RF switch is
turned 90°, it will channel the transmitter energy
into the other end of the waveguide, through
the section with the probes, through the RF
switch, to the ceramic load. In passing through
in reverse direction when the size of the wave-
guide is reduced, the antennas are excited in
reverse order, tipping the beam the other way.

A powerful 28-volt motor serves to move the
waveguide wall up and down. When the beam
gets to the dead ahead position, the vane flips
over and causes the beam to reverse direction.
When the waveguide is moved continually, the
beam likewise continuously sweeps to the left
and right over a 60° sector. Although a sweep
of 60° is far less than the 360° scan possible
with the rotating parabola previously described,
the sharpness of the beam compensates for this
small range in sweep. The indicator employs
the p scan (PPI) in which the azimuth is limited
to 60° arc.

Another requirement is that the vertical pat-
tern be carefully controlled. A horn type ra-
diator as is shown below, is effected by add-
ing the flap parallel to the waveguide. Notice
the cross section view of the flap. As with
the previous set, it is necessary in this set
that far and near objects be visible at the
same time. With this set vertical adjustment of
the antenna is not possible. This makes control
of the vertical pattern extremely important.

OOF=============~l
L .'WIDE

HORN fLAP

HORIZONTAL PATIERN IS EXTREMELY SHARF

ANTENNAJ-
~ ~--------------------~~
~\

""

~ FIELD STRENGTH

L------"- __

.•.
- - - - - --- COSECANT SQUARED CURVE

VERTICAl RADIATION PATIERN CLOSELY RESEMBLES TrlE COSECANT SQUARED CURVE

Radiation Pattern


