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Summary This paper describes a digital computer program which is used to calculate
certain performance parameters for a telemetry antenna on a flight vehicle. Ground tests
of the antenna, or its mockup, are performed and readings taken of the observed gains.
This gain pattern is in the form of paper tape which is converted to a computer,
acceptable punched are format. The program was written for the IBM 360/65 computer
operating under multiprogramming with a variable number of tasks. A visual
representation of the pattern is presented and radar tracking site information is displayed
in tabular form. Examples of predicted data and flight data are shown.
Introduction Antennae are physical structures which act as an intermediary between
guided waves and free-space waves or vice versa1. The method by which an antenna
performs this intermediary task can be described by certain characteristics; among these
are efficiency, radiation pattern, and polarization. Specific interest was focused on
polarization and its effect on the antenna radiation pattern, especially insofar as it
effected the pattern structure. If antenna patterns were visible, the effect of the
perturbation of certain parameters could be more easily studied.
The Scientific Atlanta Corporation developed a method2 by which data is acquired and
the radiation pattern is presented in terms of power per unit solid angle, for a
predetermined input power to the antennas. This method and equipment are utilized by a
local firm which performs the ground tests under contractual agreements, and prepares
the initial data representation namely the paper tapes and array maps. (Figure 1) Each
data point in the array represents the magnitude of a vector whose sense was determined
from a suitable coordinate system. Thus, the basis was formed for a visual presentation
of the radiation pattern.
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The data is quite voluminous and an extensive period of time would be required if
manual methods of reduction were employed. This, then, formed the incentive and basis
for the development of a computerized method of processing the information.
This paper presents the results of that development effort.
The Antenna Gain Factor program was developed at the Missile Systems Division of
Atlantic Research Corporation. Development took place under the auspices of the
Athena Vehicle program under contract to the U. S. A. F. Advanced Ballistic Reentry
Systems Program. In August 1968, effort was initiated on a method of adequately
examining the S-Band telemetry antennas used in the Athena research vehicle as well as
at the tracking sites along the inland test range between Green River, Utah and White
Sands, New Mexico.
The data were obtained from testing methods and procedures developed by the Scientific
Atlanta Corporation. The data consisted of punched paper tapes and a representation of
the information in array form.
The array containing the test data consists of 16,200 numbers in 90 rows and 180
columns (Figure 1). Each row and column represents a strip, two degrees wide, on the
surface of a sphere. Each row represents an aspect angle (2) of two degrees, where the
aspect angle is defined as shown in Figure 2. Similary, the columns or roll angles (N) are
defined as shown in Figure 2.
Each element in the array is a number which represents the power ratio in decibels (db)
below the isotropic level for that antenna.
If these are considered as vector lengths whose sense is 2 degrees from the roll axis and
N degrees from the pitch axis, then these vectors will describe a spheroid shape which
can be considered to have a volume and a surface area.
Let G2 N represent the vectors in the array, then the average vector magnitude would be:
(1)

The projection of the sphere onto an X-Y plot tends to foreshorten the polar region and
compensations must be made for this. Equation (1) becomes:

(2)

Similarly, the average gain over the forward, mid, and after thirds of the spherelike
antenna pattern are calculated.
The antenna efficiency is defined as the ratio of gain to directivity. However, this
program was designed for a particular application where directivity was not required,
hence the classical efficiency is not calculated. There exists a further hinderance to
calculating efficiency, the patterns most frequencly analyzed were tested under
polarized, reception. The total gain for such instances is the vector sum of the two
polarizations (i.e., left and right). For the instance where E2 or EN polarization is used, the
phase angle must be considered unless perpendicular antennae were used and each
polarization accomplished by maximizing gain at each 2 and N grouping.
The numeric value shown as antenna efficiency is a relative index of the ratio of
propagated power to applied power. Test data was taken for mockups of flight
equipment, where the antenna was viewed through various materials, of different
dielectric constants, which were to be used as heat shields.
(3)
One of the requirements was to calculate the percentage of area, of the irregular
spheroid, which was above or below a given reference. The . reference was specified as a
sphere whose radius was equivalent to a given db level.

(4)
where Ri = unit radius
The sum is computed for all points where
(5)
The information discussed above is displayed in printed form as shown in Figure 3.

Radar Subroutine This routine provides information for tracking stations along the
flightpath of a ballistic vehicle. The routine depends, for its input information, on the
output of a six-degree-of-freedom (SDF) trajectory program. The SDF program produces
a magnetic tape with a time history of aspect angle, roll angle, and slant range3 for a
given vehicle and a given radar site. The routine calculates average gain, received
intensity and signal-to-noise ratio for this time history.
Two vehicle conditions are considered. First, in the event that the vehicle is rotating
about the roll axis, evaluation of the exact pointing angle is difficult , to obtain due to the
spin rates involved. The trajectory program in its simulation will always be in the same
attitude, whereas the vehicle operating in a changing environment does not always
present the same view. It was, therefore, assumed that examining the entire “roll strip” at
the particular aspect angle present a fair approximation. The minimum, maximum, and
average gain are determined for this “strip” and the average gain is used to calculate
received intensity and signal-to-noise ratio. Second, in the event the vehicle is not
spinning, the roll angle and aspect angle are used to determine the average gain from the
data array. Interpolation is used where applicable and the gains are assumed to be linear
over a 2-degree increment. A sample printout is shown in Figure 4.
A typical formulation is shown:
The magnitude of the power received by an antenna from an incident wave whose
intensity is given in watts per square meter, is equal to the product of the wave intensity
and the effective area of the receiving antenna.
(6)
The effective area of an isotropic receiving antenna is equal to
(7)
where 8 = c/f
c = 300 x 106 meters/sec
f = frequency in cps
The power received by an isotropic receiving antenna is
(8)
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or, in dbm
(9)

The received signal strength in dbm by an antenna having a gain (G) in decibels relative
to an isotropic antenna is

(10)
Receiving gains at a particular radar site have been reported as 39 db at a frequency of
2250 MHz
(11)

Hence, the received intensity is

(12)

(13)

(14)
Assuming the noise input at this rate has been previously determined for a 1.0 MHz
bandwidth as -109 dbm this value would become for a 300 KH bandwidth in terms of the
received signal strength in watts per square meter
(15)

(16)

A sample oscillograph trace of the received signal is shown in Figure 5. Figure 6 shows a
comparison between the received signal and the predicted strengths.

Display Routine A routine is incorporated into the program, which causes Stromberg
Carlson SC4020 cathode ray tube and an associated camera system to produce
photographic records of the computed information. One example is the display of holes
in the pattern at various gain levels. As discussed earlier, the areas above certain db
levels are computed based on a unit radius sphere. Similarly, during execution of this
routine those vector lengths which are greater than a given db level are marked with an
asterisk, others are left blank. This procedure can be repeated as often as desired with a
new picture being produced each time.
A picture is also taken of the plot of percent area greater than a given db level versus db
level. A sample of this plot is shown in Figure 7.
Conclusion The results obtained to date indicate the feasibility of these digital
methods as applied to antenna analysis. The work, here reported, appears to be only a
threshold to more advanced techniques. Studies have already been initiated to remove
some of the assumptions and move toward more exact solutions. Specifically, in the
determination-of “look angles for spinning vehicles.
The program was designed for a particular vehicle - antenna system operating in
conjunction with a given test range, future developments will incorporate means by
which any antenna system on any range can be analyzed.
Another aspect of the visual analysis was to compare relative power levels and pattern
structures under left and right hand polarization. This led to the conclusion that
significant advantages can be achieved by use of diversity reception. Figure 8, shows a
typical example of the degree of opacity which can be -achieved by diversity reception.
TABLE OF SYMBOLS
G
G'
2
N
0
A
R
PR
8
C
f
W

= gain in db’s
= antilog of gain
= aspect angle - degrees
= roll angle - degrees
= efficiency index
= area - square units
= radius - linear units
= received power - watts
= wavelength - meters/cycle
= speed of light - meters/second
= frequency - cycles/sec
= power - watts
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Figure 2. Orientation of Angles

Figure 3. Typical Computer Output Static Analysis

Figure 4. Typical Computer Output Radar Tracking Information

Figure 5. Flight Data Detail

Figure 6. Predicted Data and Flight Results

Figure 7. Typical Area vs Gain Plot

Figure 8. Typical Pictorial Display

