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S-BAND ANTENNA SYSTEMS FOR MISSILES

JOHN E. HILL
Granger Associates
Aerospace Division

Chatsworth, California

Summary    Some thoughts are presented concerning methods of obtaining reliable RF
Telemetry links at S-Band, by sharing the effort to obtain such reliability between the
airborne and ground station antennas. The form the specifications for airborne antenna
system may take is discussed, as are methods of presenting and evaluating performance
data. A brief history of the development of the S-Band antenna system for the Athena H
Missile is related. In conclusion a variety of antenna types suitable for missiles are
presented with a discussion of their virtues and deficiencies.

Introduction    In the four years of preparation for the transfer of telemetry activities to
S-Band, we have had the opportunity, in the Aerospace Division of Granger Associates,
to actively participate in many of the experimental and pioneering programs. We have
supplied S-Band Antennas and system radiation patterns for the Pogo, Walleye, Shrike,
Sidewinder, Sparrow, Tow, Phoenix, Scout, Pershing, Athena Standard, Athena H, and
Maverick; we have studied and prepared a, pattern report on the S-Band installation for
the Talos Missile.

A small, flush mounted antenna which requires no modification to the airframe and
which provides omnidirectional null-free pattern coverage would have satisfied the
requirements of all the missiles listed above; none such exists, however. Each of the
antenna systems met minimum requirements for a successful mission but no large
performance margins were obtained, as at VHF. S-Band antennas are smaller, of course,
than the units they replace, and have a much wider bandwidth, but these advantages do
not compensate for one major disadvantage - even the smallest missile to carry telemetry
is large in terms of wavelength at S-Band and missiles such as the Athena H, which is
40" in diameter (nearly 8 8 ) are gigantic. Thus the attainment of an omnidirectional, or
null free, radiation pattern is virtually impossible, assuming an antenna system
reasonable in cost and complexity. (For further reading on shadowing and interference
effects, see reference 1. ).

How then, are reliable telemetry links to be established? It is herein suggested that a
large share of the effort must come from the ground station antenna and receiving



antenna system. With a ground station receptive to all types of incident polarization, the
missile antenna system is then only required to radiate power in all directions without
constraint as to the sense of polarization radiated. As will be shown, this can simplify the
airborne system considerably. One obvious advantage to placing the greater part of the
burden on the ground station is that it only need be done once, whereas putting it in the
missile means it must be done over and over again. As rugged as the Granger Antennas
are, we rarely find our customers using one for more than a single flight.

It is realized that certain practical problems may exist in obtaining reliable diversity
combining for all signal conditions. But there is an ample theoretical basis for diversity
combining, whereas an omnidirectional radiation pattern with all energy contained in one
polarization is theoretically impossible. 1, 2

Specifying the Antenna Radiation Pattern    The systems engineer, faced with the task
of specifying an antenna system, presumably has knowledge of mission requirements,
vehicle trajectory, transmitter power and ground station capability. From this
information, minimum pattern levels can be established. This minimum level may vary
over the sphere, depending on the trajectory. This minimum level, and its variations, may
be stated as in the following typical requirement:

“The gain of the antenna must not be less than -3 db with respect to isotropic, over 90%
of the area bounded by 2 = 0E to 2 = 60E and 2 = 0E to 2 = 90E, and in the hemisphere
bounded by 2 = 90E to 2 = 180E no pattern minima wider than 4E by 4E below -10 db
are allowed. Measurements are to be made with right hand circular polarization.”

We at Granger are frequently asked: “How many antenna elements are necessary, arrayed
around a cylinder, to produce the specified pattern?” The answer we prepared for a
12-inch diameter missile is typical. As the missile had four fins extending nearly its full
length, the original specification quite logically called for four blade antennas arrayed
around the cylinder. Patterns of the four antenna system were recorded with right hand
circular and with left hand circular illuminating polarization. A two element system was
then tested. An evaluation of the patterns proved the two antenna system to be superior,
as shown in Table I, when evaluated using minimum null width and percentage area
above minimum levels as the criteria. The values listed in the table are percentages of the
total area of the sphere in which the signal level falls below a minimum value, assuming
a polarization diversity receiving system. Also shown is the coverage with a single
polarization ground system assumed.

The substantial difference of apparent pattern quality resulting from differences in
ground station capability make it necessary that the polarization characteristics of the
ground station which will be tracking the missile be known before the airborne antenna



can be evaluated. Thus the most important part of the pattern specification and
subsequent evaluation is consideration of polarization effects.

One S-Band antenna installation on the Pogo Missile is an example of a system designed
for comparability with a ground station, which in this case was equipped with right-hand
circular only. The trajectory was to be essentially straight up then straight down, which
means that the tracker would be first looking at the tail, then at the nose, of the rocket. A
conventional array of elements around a cylinder may be fed in phase, which results in a
power null on the fore and aft axis. They may be fed with a progressive phase to produce
maximum signal fore and aft, but with right hand circular forward and left hand circular
aft or vice versa). There is a third arrangement which will produce the same sense of
polarization in opposite directions, however, which was implemented as follows:

The system consisted of four radiating elements mounted on the missile, at N = 0E, N =
90E, N = 180E and N = 270E. The antennas at N = 0E and N = 180E were displaced
longitudinally along the missile by 8/4 with respect to the antennas at N = 90E and N =
270E. The pair at N = 90E and 180E were fed in phase. The pair at N = 0E and 270E were
fed in phase but with a delay of 8/4 with respect to the first pair. All phasing was
accomplished by selection of cable length. This feeding method results in the equivalent
of two in - phase crossed dipoles separated in space by 8/4. The resulting radiation
pattern is circular of the same sense in both the fore and aft directions, and linear in the
transverse plane.

“IRIG Standard Coordinate System and Data Formats for Antenna Patterns”, IRIG
111-65, contains an excellent discussion of polarization, and is recommended reading for
anyone who desires to improve his understanding of this often hazily understood
phenomenon. The discussiai includes in part the following definitions: “Polarization is a
term used to describe the behavior of the electric vector in a fixed plane normal to the
direction of propagation as an electromagnetic wave moves through a medium. Linear
and circular polarization are limiting conditions of the more general elliptical
polarization. “ The terms are then further defined and are illustrated.

The installation of multiple radiators on a cylinder will produce, in different directions, a
variety of polarizations simultaneously. Stated in terms of elliptical polarization, the
polarization ellipse may vary, over the sphere, from linear vertical, to linear horizontal, I
ssuming all values of ellipticity and orientation between these limits.

When we discuss the polarization of a missile antenna system, then, we must define the
point P(2, N) on the sphere at which the polarization is measured. Only when the
receiving antenna is capable of receiving all polarizations is the missile antenna system
polarization of no concern. Table III “Polarization Mismatch Loss” has been prepared to



illustrate the losses possible when the ground station and airborne system are of different
polarizations. Obviously all possible combinations of polarization are not considered.
For the ground station four commonly used polarizations are entered: E 2 (vertical) E N 
(horizontal) right hand circular and left hand circular.

Several possible polarizations of the airborne antenna system are entered: E 2, EN, RHC,
LHC, E 2, at J = 45E (slant linear) and elliptical polarization with the orientation of the
major axis of ellipse (J), with respect to the ground stationconsidered in increments,
22 1/2E.

The values listed in the polarization diversity columns assume, in order to simplify the
presentation, that a 2.5 db enhancement of signal level is realized when the two received
signals are equal, and that no enhancement of the stronger signal is realized when the
received signals are unequal. (A more precise analysis of polarization combining is
beyond the scope of this paper. Several papers on this general subject are listed in the
bibliography for reference. 5, 6, 7).

Note, from Table III, that with a circularly polarized diversity system no polarization
mismatch loss greater than 0.5 db is suffered for any missile antenna polarization. For a
linearly polarized diversity system no mismatch loss greater than 1.6 db is suffered. For
each of the single polarization receiving systems received levels vary substantially and
for each case there is one missile system polarization which will be completely rejected.

Pattern Presentation    The manner of pattern presentation is of most importance during
the design of an antenna system, for often many patterns must be recorded so that the
relative merits of different antenna configurations may be weighed. Also some simple
means must be provided to permit the basic question to be answered: Does the system
meet the specification?

The purpose of an antenna pattern, whatever form it may take, is to make visible the
distribution of RF energy around the missile in order that judgement may be made
concerning the adequacy of the antenna installation-but “to make visible” is easier said
than done. A radiation distribution plot, or matrix plot, contains 16,200 squares, each
contain-ming a number between 0 and 40. This is more information than can be easily
assimilated by the observer. An individual’polar plot can be viewed, understood and
evaluated, but a single plot does not contain enough information to permit conclusions to
be drawn.

The contour plot has been devised, which consists of a series of lines connecting points
of equal amplitude. The detail or complexity of the presentation depends upon the 



intervals at which lines are drawn. This type of pattern is difficult to prepare and
therefore, costly.

A computer, of course, may be programmed to analyze the pattern, but other, and
relatively simple, means of performing the analysis are available. At the Aerospace
Division we have modified’our radiation distribution printer to permit the selection of
particular levels to be typed out. As a first step the conventional recording..is, made, with
the entire sphere scanned and the pattern recorded in 2E increments of angle and 1 db
increments of amplitude. The tape record is then re-run and selected values typed out; as
for example, only values less than -10 db isotropic may be typed. A counter counts the
number. of strikes of the typewriter per row. This number is recorded by the operator and
normalized by multiplying by the sine of the angle of the row, These normalized values,
summed over a particular sector of the sphere and divided by the normalized total area of
the sector, yield the percentage of the total in which the signal level is below the selected
level. (See the appendix for further details of the normalizing procedures). Some
interesting effects are produced by this presentation arid, as is true of many phenomena,
patterns emerge to delight the observer’s esthetic sensibility while possibly offending his
engineering or practical sense, for here an absence of pattern is a measure of quality.
Figure 1 is a plot of the S-Band antenna system on the Athena H Missile illuminated
with right hand circular polarization and recorded in the normal manner. Figure 2 is of
the same Athena System, but in this plot the X indicates a point at which the pattern
amplitude is below -10 db with right hand circular illuminating polarization. The 0
indicates a point at which the pattern amplitude is below -10 db with left hand circular
illumination. Figure 2 illustrates an important feature typical of missile antenna patterns:
the alternate bands of nulls resulting from illumination by opposite polarizations.

In this paper “null” refers to areas of the radiation pattern in which the level is below an
arbitrary minimum value, and not necessarily to a complete absence of signal. A
distinction must also be drawn between two types of nulls: polarization null, and power
null. The former results from polarization mismatch between transmitting and receiving
antennas; the latter from cancellation or shadowing. Signal cannot be received in the
power null with any type of receiving antenna. In the pattern of Figure 2, the separate X
and 0 symbols indicate polarization nulls. When they are coincident a power null must
exist, for with two oppositely polarized antennas receiving the same signal, no kind of
incident polarization will be rejected by both. Table I further illustrates this. The greatest
percentage of null area in any system we have tested to date has been in polarization
nulls.

The Athena H Antenna System    The following paragraphs, narrating the history of the
antenna system for the Athena H are presented to illustrate the moral that when numbers
of antennas are discussed, It more is not necessarily better”.



In March, 1969, Granger Associates, then Dorne and Margolin, Inc., submitted a
proposal to Atlantic Research Corporation outlining a design for the S-Band antenna
system for the Athena H Missile.

A set of six slanted monopole elements arrayed circumferentially around the missile was
proposed. The diameter of the missile in the area available for antenna mounting is 40",
or 7.68. The elements would be fed to produce a phase rotation which would result in
right hand circular polarization in the direction of vehicle travel, and left hand circular in
the opposite direction. It was thought, at the time, that three of the six elements would be
fed at a reduced power level in an attempt to lessen the effect of complete cancellation in
certain directions. It was predicted, however, that sectors would remain, both fore and
aft, in which the amplitude and phase summation would result in circular polarization of
the sense opposite to that desired, and so a polarization diversity system at the ground
receiving station was suggested.

The six-element S-Band system produced a multilobed pattern, as expected. The attempt
to reduce null depth by feeding alternate elements with reduced power produced
inconclusive results, however, mainly because the changes in the patterns were slight
and difficult to analyze as relative power levels were changed. It was then decided to try
a three-element array, with the surprising result that the null structure with only three
antennas was better than with six. Coverage from the statistical or percentage-area point
of view, was also improved.

The coverage of the three-element system is shown in Figure 2. These patterns show
somewhat the same gain in the forward direction as in the aft direction with the major
nulls located in the roll plane between 2 = 80E to 2 = 100E. The critical area where more
coverage is preferred is in the forward cone, 2 = 0E to 2 = 60E where the vehicle is
acquired by the down range receiving station as the vehicle comes over the horizon.

The possibility of obtaining adequate pattern coverage with half the originally
contemplated number of antenna elements was very attractive, for this approach
permitted two three-element antenna systems to be installed, allowing 100 percent
redundancy of S-Band telemetry with the use of two transmitters and without the need
for a diplexer. (It is of interest to note that three antennas and associated cables and
power divider weigh less, and cost less, than a diplexer. ) Additional patterns were run
for the R and D telemetry antenna system, which is located forward where the diameter
of the vehicle is 24". The investigation here started with a three-element array and ended
with a two-element array. The two-element array provided sufficient coverage and was
thus chosen.



Types of Missile Antennas    The suitability of an antenna type for a particular missile is
determined by the missile structure, the environment and the mission. Two basic types
are available: The flush slot and the external blade. This classification, of course,
considers only the most obvious characteristic of an antenna: its appearance when
mounted for use. The external antenna is generally a monopole, and the flush antenna
generally a rectangular slot. The external type could be a loop, and the flush type a cavity
backed spiral, annular slot or helix, but the former types are the most useful for
telemetry, however.

The rectangular slot can assume a variety of shapes and sizes. A dielectric-loaded,
waveguide fed slot may be 2.00 X 0.75 X 1.75" deep, (not counting mounting flanges) or
3.00 X 0.75 X 1.75" deep. A flattened cavity type slot may be .125 thick with a 2" X 3"
surface area. This type may be attached end-to-end and wrapped completely around the
missile, to form a ring array. This “wrap around” approach produces very nearly the
desired omnidirectional coverage with its multiplicity of radiating elements. Its use,
however, is limited to the smaller missiles, less than 15" in diameter, because of
problems of manufacturing the device in long lengths.

An axially mounted turnstile and a radial waveguide antenna have been described8 which
also produce excellent patterns. These latter two designs require extensive structural
modification to the vehicle, which is not usually possible, for the telemetry antenna
system is often installed on only a selected few of many missiles of a particular type for
test purposes, and therefore, provisions for mounting them are not included in the missile
design.

Many vehicles employ heat shields, which present additional antenna mounting
problems. In one type, the antenna is mounted behind a heat shield and must look
through it. On another the antenna protrudes through the heat shield. The Athena Missile
jetisons its heat shield and so the antennas mounted beneath it must first radiate through
it, then operate without it.

Some heat shields are quite dense, of asbestos and phenolic resin composition, and so
have a substantial effect on the antenna if contiguous to it. In this case the antenna must
be designed specifically for this condition.

If the heat shield changes state during flight from ablation or carbonization, it may affect
the antenna adversely. A ready solution to this problem has not yet been devised.

Figure 3 illustrates several of the types developed by Granger Associates. Two blades
(external) antennas are shown; the difference between them is their temperature
capability. The KSE-U-1A can operate at temperatures to 1300E for 5 minutes. The 



KSE-U-2A is less costly and can operate at 400EF. continuously, or withstand a pulse of
1000E for 30 seconds.

The flush mount DMAK512-4 can withstand a temperature pulse of 1000E for 30
seconds. At high temperatures, the dielectric material of the antenna is its Achilles Heel.
High temperature dielectrics are available, but antennas using them are more costly to
build.

The DMAK522 antenna was designed to protrude through a heat shield. Its dielectric
cover can withstand a pulse of 5000 F for 5 minutes. The requirement that this antenna
extend above the metallic surface of the missile, and through the heat shield became an
advantage, for it was not necessary to use a conventional cavity - backed slot. The feed
element is outside the cavity, which simultaneously improves the bandwidth and
efficiency of the antenna. The KSF-21-1A is a cavity backed slot of small dimension,
and also small bandwidth. It will operate over any 30 MHz segment of the band with a
VSWR under 1.5 = 1. It must be factory tuned, during fabrication, to a specific portion of
the S-Band.

The wrap-around antenna, KSF-8-1A, is a circular array of six slot antennas and so it
produces nearly omnidirectional coverage. It is contoured to a particular missile
diameter, and so must be specially modified for each application. The one illustrated is
for an eight inch missile.

The DMAK36 is a circularly polarized antenna of high temperature capability, designed
to radiate a relatively narrow beam. The DMAK526-1 is the nose cone of a small missile
with an array of two slots an integral part.

Conclusions    A variety of S-Band antennas have been designed for missiles, permitting
considerable latitude of choice for the telemetry systems engineer. A fund of experience
has been accumulated on the performance of these antennas installed on various size
missiles. The most significant result appears to be the realization of the importance of
polarization. The fear prevalent during the early stages of S-Band development, that the
new shorter wavelength would result in loss of pattern coverage may be allayed by the
thought that there is a way to overcome the difficulty: employ polarization diversity
receiving systems.

Appendix    The recording of the radiation pattern in the matrix form results in a value
being typed in each interspace of the matrix. This value is the relative amplitude of
signal at a point but is taken to be representative of signal amplitude over the 2E X 2E
area in which the point lies. The mechanism which causes the value to be typed requires
that the sphere be represented on a two dimensional surface with linear scales (equal



increments) for both N and 2 , whereas the N increment on a sphere is non-linear,
decreasing in either direction from 2 = 90E (the “equator”)to 2 = 0 and 2 = 180E (the
“poles”). The incremental area (2E X 2E) on the matrix chart is therefore larger than the
corresponding area on the sphere with the difference being greater near the poles. The
value typed in an interspace near a pole is still the relative amplitude of a signal at a
point but represents the amplitude for a smaller area than does the value for a point near
the equator.

The area of the matrix plot is related to the area of the sphere by:

(1)

Where:
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Fig. 3  Types of Missile Antennas

Table I  Pattern Area Coverage, 13" Diameter Missile



Table II  Pattern Area Coverage 40" Diameter Missile Athena H, 3 Antennas

Table III  Polarization Mismatch Loss, dB




