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Chapter 2
RESPONSIBILITIES AND PROCEDURES
2-1. Responsibilities.

a. The Lead Range will certify Range user antenna performance
characteristics for satisfying the program requirement. The Lead Range is
also responsible for satisfying the requirements under AFR 19-2, Environmental
Impact Analysis Process (EIAP).

b. Range users will furnish missile antenna performance data under the
requirement stated here. Rome Air Development Center (RADC) is a Systems
Command agency that can conduct these antenna pattern measurements. Address:
RADC/RBC, Griffiss AFB, N.Y. 13441, Phone: 315-330-3076 or AV 587-3076.

2-2. Procedures.

a. Range user test agencies will furnish antenna data specified in
chapter 3 to the Lead Range, through the applicable project office. Data will
be submitted according to the following schedules:

(1) Twelve months before first launch date in any” test program.

(2) Three months before first use of a different antenna, antenna
configuration, or antenna location in any test program currently active
at a SAMTO National Range.

b. The Lead Range, on a timely basis, ‘will:

(1) Evaluate the Range user compliance with requirements of this
regulation and, when necessary, forward a discrepancy report to the applicable
project office.

. (2) Evaluate Range user antenna performance characteristics.

(3) Provide to the appropriate Range Staff Offices specific comments
and recommendations relating to expected performance agreement of the vehicle
antenna characteristics with Range ground-based instrumentation.

2-3. Policies.

a. Requirements and procedures in this regulation are binding upon
SAMTO National Ranges and Range users.

b. Waivers to this regulation must be submitted to the Lead Range by the
Range user. Such requests must be submitted to the appropriate Range in
writing and must clearly show why a waiver is needed. '
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c. Ranges may grant individual waivers to specific provisions of this
regulation for cause, but may not grant blanket waivers.

d. Before antenna measurements are made, it is advised that contact be
made with the Lead Range for verification of antenna set requirements. In some
cases, it may be possible to supply partial sets.

2-4. Disposition of Documentation. Printouts of the magnetic tapes and
tablulated data described by this regulation will be destroyed upon completion
of the program. Copies held by otner agencies will be maintained and dispused
of under that agency's directives.
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Chapter 3
ANTENNA REQUIREMENTS
3-1. Antenna Data Requirements.

a. Antenna Radiation Pattern-General. In order to represent the complete
radiation pattern characteristics for setting up a 1ink margin between two or
more antennas, the general solution requires analysis of several polarization
components. Basically, the RF wave's intensity and its polarization
characteristics relative to a receiving antenna system are needed to evaluate
the link margin between source and receiving antennas. The RF wave can be
shown by the behavior of its electric vector, which in general varies in
amplitude, in such a way that it may be represented by an ellipse as it appears
to rotate at the radio frequency. Parameters describing this ellipse are
needed.

(1) The polarization ellipse, in turn, may be resolved into
either circularly or linearly polarized components. After the relative
orientation of the ellipse (an equally important parameter) is established by
an angle between the major axis of the ellipse and a defined reference line.
This orientation angle is generally referred to as the "Tilt" angle and is
represented by the Greek letter p.

- (2) Since the wave's directional characteristics vary with change in
relative attitude of the antenna (or vehicle) with respect to the ground
antenna, radiation characteristics must be known over the entire spherical
surface surrounding the antenna.

(3) To completely evaluate the RF 1ink margin between two or more
antennas, the general condition requires a circularly polarized set (gpy,
gLH, and ') for each system.

(4) The relative orientation of the polarization ellipse or the tilt
angle p can be: calculated from the linearly polarized amplitude components
o dgs 945°, and g135°, or calculated from a combination of circularly
and linearly polarized amplitude components gpy, 9gLH and two Tinearly
polarized components, one 45 degrees (in space) from the other. The amplitude
components are more easily acquired than are the direct tilt angle or
electrical phase measurements. Of the two indirect amplitude techniques, the
linear-component method for determining o has two distinct advantages:

(a) A1l components for the calculation have a direct common
reference. This lessens the chance of inadvertent error.

(b) It provides for a crosscheck of data, thus insuring
better data quality standards. So, the four component linear set (97’ de>
g45°, and g135°) will be supplied in the same form as ggy, and g 4. An
absolute isotropic reference value must be provided with the gain values g,,
dg» 945° and g135° faor seven track tapes. Total gain values must be
provided on nine track tapes. ,
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(5) Proper orientation of the E, and Eg coordinates, and
consequently gy, g, in the vehicle antenna coordinate system is shown in
figure 3-1. Subscripts of component designations E45° or g45° and Ej3s5°
or g135° represent the angles at which these values are measured. Angles
are measured from the positive Eg direction in counterclockwise direction.
Therefore, E45° or g45° is the 45-degree linear component, and Ej35° or
g135° is the 135-degree or minus 45-degree component. Figure 3-1 also shows
the linear component orientations in relationship to the antenna coordinate
system.

b. Antenna Pattern Requirements. Electromagnetic waves radiated from an
antenna or the receiving abilities of an antenna are never truly circularly or
linearly polarized in all directions, namely when the antenna is placed on a
cylindrical vehicle, such as a missile or spacecraft. For this reason, all
pattern components (9pH, 9LH» Jy» Jes 945°, 9135°) are needed from
Range users to show the complete antenna radiation pattern characteristics.
Minimum requirements are identified in paragraph 3-6b.

c. More Than One Pattern Set for a Single Antenna System. Often more
than one radiation pattern set is required from a single antenna system. This
requirement may result from any factor that serves to markedly alter the
antenna pattern. For example, changes in antenna radiation characteristics
may be the result of; variation of frequency required to be radiated from the
antenna system; changes in vehicle configuration (for example, at staging,
separation, etc.), or variations in RF propagation characteristics (for exam-
ple, flame and reentry effects, etc.). Under these conditions, other pattern
sets should be treated independently (such as patterns of separate antennas)
with the proper identifying descriptions as stated in chapters 4 and 5.

d. Antenna Sketch and Location. A dimensioned drawing of missile-
borne antennas, showing important details, must be supplied by the Range
user. If the antenna system consists of more than one identical antenna, only
one drawing need be shown. An orientation vector will be shown on each view
of the antenna. The position of this vector with respect to the antenna will
be clearly shown. For "linearly" polarized antennas, the orientation vector
will indicate the direction of the antenna's electric field. The. type of
polarization, elliptically or circularly polarized, will be shown on the
sketch if the antenna is not linearly polarized. Figure 3-2 shows the
direction of the orientation vector for all antennas in the system given in e
and y of the spherical coordinate system. These angles are referred to as
ep and YP-

e. Antenna Pattern Data - Tabulation. To insure that there is no
deterioration of data or mixup of tapes, antenna data must be supplied in
tabulated form. These tabulations may be in either a computer "“print-
out" or a matrix distribution of relative gain values in the y, e antenna
pattern coordinate system. A1l information required on the magnetic tapes, as
outlined in chapter 4 and 5, shall be processed and submitted to the range in
graphical matrix plot or "tabout." If matrix (field of relative gain values)
plots are used, optional odd gain values may be used to give a contour-like
appearance. This does not apply to the same data recorded on magnetic tapes.
Figure 3-3 shows a part of the desired matrix plot. Tabulated information
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must be fully identified in the same manner as the magnetic tapes; such as
Identification of the Missile Program, Project Office, Frequency Band, Gain
Reference Value, etc. Refer to "Description of Character File," paragraphs
4-3 or 5-3 of this regulation. :

. f- Angular (y or e) Increments. Angular (y or e) increments shall be
2.0 . When greater pattern resolution is required, matrix plots shall clearly
indicate null points and values. This information will be required for
antenna systems made up of more than one, but less than ten, discrete
radiating elements witn the largest interelement spacing greater than eight
wave lengths at the operating frequency. These data need not be written on
the data file, but null angles and power levels must be indicated in the
header file.

3-2. Geometry. The missile and aerodynamic vehicle antenna geometry defined
in figure 3-4 will be used in the presentation of data required by this
regulation.

3-3. Systems Parameters.

a. Power Delivered to Antenna Terminals. For each missile-borne
transmitter, the average or peak power levels (dBm) at the transmitting
antenna terminals shall be provided as stated in chapters 4 or 5. Only
average power is required for continuous wave systems. For pulse systems,
both average and peak power levels are required. These levels are derived by
subtracting transmission system losses (for example, line losses, losses
resulting from standing waves or impedence mismatcnes, multicoupler losses, or
any loss that decreases the power level between the transmitter and antenna)
from the power level at the transmitter output terminals. Phasiny networks,
and couplers associated with antenna arrays, are considered part of the
antenna system. Losses in these elements and antenna inefficiency should be
included in the antenna pattern as inherent in tne pattern measurement. If
the power level at the transmitting antenna system varies by nore than 2 dB
over the frequency range of operation, significant power levels will be
entered in spaces provided in the tape formats. In all applicable cases, at
least one power level will be entered. The method for setting up these levels
shall be defined. :

b. Minimum Power Level Required at Receiver Antenna. Fer each
missile-borne receiving system, the minimum power level (dBm) required at the
receiver antenna terminals will be noted in the specified place as stated in
chapters 4 or 5. In determining this quantity, allowance must be made for
such parameters as bandwidth, noise figure, signal to noise ratio,
transmission line attenuation, impedance mismatch, multicoupler losses, and
operating margin. The quantity desired is the minimum power level (dBm)
required at-the receiver input plus the various losses (dB) from the antenna
system to the receiver input. Any losses included in the antenna patterns
(transmission lines, multicoupler, etc.) must not be accounted for again in
the minimum received power level requirements. Phasing networks and
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couplers associated witn antenna arrays are considered part of the antenna
system. Losses in these elements and antenna inefficiency should be included
in the antenna pattern as part of the pattern measurement. If the required
minimum power level varies by more than 2 dB over the frequency range of
operations, significant power levels will be entered in spaces provided in the
tape formats. In all applicable cases, at least one power level will be
entered.

3-4. Trajectory Information. Trajectory data which is currently described in

AFSCM 80-12, AFSC Standard Theoretical Trajectory Magnetic Tape Format, will
be furnished as directed.

3-5. Accuracy. Unless indicated by the Lead Range, antenna radiation pattern
data will be accurate to #1.0 dB as referenced to the absolute gain of an
isotropic antenna.

3-6. Summary of Antenna Pattern Requirements.

a. Formats. Data described here is acceptable in one of two forms. In
the order of preference, they are as follows:

(1) Nine track Magnetic Tape plus "printout" '(M»ﬂ/’?//\’ = 016 RO P)
(2) Seven track Magnetic Tape plus “printout"

b. Antenna Radiation Pattern Data. The minimum antenna polarization
component parameters for all data submissions are: gRrH, SLH, &' Or p or

gRH, 9LH» 9y» 945° OF GRH, 9LH» Je» 945°. Refer to paragraph
2-3 for fur{her policy information.
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