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PREFACE 

This report presents the result? of a study effort to develop an 
improved technique for the flight measurement of aircraft antenna radia- 
tion patterns at the Air Force Flight Test Center (AFFTC), Edwards AFB, 
California.  The study effort and tests were authorized by the Aircraft 
Antenna Pattern Synthesis Technique Study Plan, February 1974, and the 
Test Plan for Evaluating Techniques of Determining Aircraft Antenna 
Radiation Patterns, /vjgust 1974.  "the tests were conducted in October 
1974 and December 1974 under Job Order Number SC6341. The results of 
the tests, which were used to show the validity of the data processing 
techniques, are shown in appendix D of this report. 

The format of this report was developed to make this report more 
usable to Project Engineers of the .Systems Engineering Branch at AFFTC. 
As such, information is presented to give a novice, in the field of 
antenna radiation pattern measurement, sufficient background and 
knowledge to perform an accurate evaluation of aircraft antenna 
radiating systems. 

The author wishes to acknowledge the following individuals who 
were instrumental in the preparation of this report: Mr. B. 
Lyle Schofield, Chief, Flight Test Technology Branch, for guidance 
and editorial comments; Mr. Alfred H. Boyd, Systems Engineer, for 
providing technical expertise; Sgt James N. Robertson, Engineering 
Aide, for assisting in the development of the computer software; 
and our secretaries Mrs. Dorothy M. Shaffer and Miss Mary Jane Gugliotte 
for their tireless efforts in transforming this report into its final 
form. 
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INTRODUCTION 

The dynamic measurement of aircraft antenna radiation patterns 
has been a time consuming task which usually produced results of marginal 
utility. The classical cloverleaf flight pattern, used in the past, 
produced one antenna pattern with 12 to 24 data points and required 
1 1/2 to 3 hours of flying time.  The severe limitation of the minimal 
data samples and the high cost of flying time has rendered this 
technique obsolete and created a requirement for an improved method. 

The techniques reported here were developed to provide the Systems 
Engineer with the tools necessary to conduct an accurate and efficient 
evaluation of aircraft antenna systems. To accomplish this, a semi- 
automated system was developed which permits the aircraft to fly a 
variety of flight patterns and produces continuous 360 degree antenna 
patterns. 

The concepts of d^aamic measurement of aircraft antenna patterns 
presented in this report are the results of a survey of the field of 
antenna pattern measurement.  The technique developed at the Air Force 
Flight Test Center (AFFTC) drew upon the concepts being used by Rome 
Air Development Center (RADC), Naval Air Test Center (NATO, and others. 
The result has been the development of an efficient dynamic aircraft 
zjntenna pattern measurement system. 

This system was developed and tested in the Fall of 1974. The 
initial testing was accomplished at the Precision Antenna Measurement 
System (PAMS) at Griff iss AFB, New York.  PAMS is the most modern 
dynamic antenna measurement facility in the Air Force and data collected 
there was used as a standard for comparing techniques.  Further testing 
was accomplished at Edwards AFB using a C-131 and an F-15 aircraft.  The 
results of these tests are shown in appendix D. 

The body of this report presents information which can be used by 
a Systems Engineer to conduct an efficient and accurate evaluation of 
an aircraft antenna system.  The report is arranged such that it can be 
used as a handbook for planning, testing, analyzing, and reporting tests 
by Systems Test Engineers. 

Appendix B and C of this report provide documentation of two sets 
of computer programs.  These programs constitute a complete data reduction 
package to assist in the planning of flights, processing of radar 
position tapes and signal strength tapes, and plotting of measured 
effective radiated power (ERP) of each received signal. 

AIRCRAFT ANTENNA PATTERN MEASUREMENT TECHNIQUES 

There are several techniques available to measure aircraft 
antenna radiation patterns.  Each technique has advantages and 
disadvantages and each vary in accuracy, cost, complexity, and usage. 
This section will present an introduction to each of the four basic 
techniques:  (1) theoretical, (2) modeling, (3) dynamic, and (4) near- 
field. No attempt is being made to present all the details of each 
technique, but only to present the basic concepts of each and how 
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they are used.  If a more detailed understanding of each of these 
techniques Is desired additional material referenced in the bibliography 
may be used. 

THEORETICAL 

The theoretical calculation of *&\m  radiation pattern of an 
antenna mounted on a complex structure, an aircraft for example, has 
only become feasible with the development of the modern high speed 
computers (reference 1).  Since the computation involves the solution of 
numerous differential equations, this technique is dependent upon the 
speed of the computer. Normally, the use of this technique has been 
restricted to initial design stages where the goal is to locate the 
antenna in the best position which will produce an acceptable radiation 
pattern. 

The main advantage of this technique is that the radiation pattern 
of an antenna can readily be evaluated at various locations on the air- 
craft once the aircraft structure is modeled into the computer.  This 
permits the rapid, low cost evaluation of aircraft antenna radiation 
patterns and allows the designer to locate the position on the aircraft 
which has the best probability of producing the most optimal pattern. 

The prime disadvantage of this technique is its sensitivity to 
errors.  Aircraft VHP and UHF antenna radiation patterns can be very 
sensitive to small dimensional errors in modeling parts of the aircraft 
structure.  The area within the near-field region of the antenna (within 
a few wave lengths) is especially susceptible to these discrepancies. 
Since the aircraft structure is only approximated in the computer 
program, the calculated patterns can have numerous discrepancies. 

A number of computer programs have been written which calculate 
the theoretical radiation pattern of antennas mounted on complex 
structures.  Each program uses approximation techniques to model the 
shape of the aircraft. The most common technique is the wire-grid 
approximation which approximates the aircraft structure by a series 
of wires.  Figure 1 shows a typical wire-grid approximation model. 
A second modeling technique is the geometric approximation which approxi- 
mates the aircraft structure with a series of simple geometric shapes 
(reference 2). 

Both of these methods only provide approximate shapes of the 
aircraft's actual structure; therefore, the accuracy of the final 
result will depend upon the significant deviation of the approximated 
aircraft structure from the actual structure. Hence, the accuracy 
of the prediction will depend upon the user's ability to include all 
significant portions of the aircraft's structure in the model. 
Because these approximations can never eliminate all errors in the 
shape of the structure, theoretical patterns should be considered as 
producing an approximate shape of the actual antenna pattern. 

MODELING 

The modeling method is the technique most often used to measure 
ancenna radiation patterns. This technique uses a model of the aircraft 
mounted on a pedestal which rotates the model around its axis while the 
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Figure    1 Wire-grid Model of Helicopter 
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antenna patterns are measured.  The models can be of any size and are 
normally mounted in an anecholc chamber or an outdoor range,  RF 
absorbing material will cover all surfaces v/hich may cause ur.v.'anted 
reflected siqnals.  The largest of these facilities is located at RADC's 
Stockbridge Range, where an actual B-52G is mounted and rotated on a 
pedestal (figure 2). 

With the modelinq technique, the transmitter is normally mounted 
within the aircraft and the frequency increased by 1/N, where N is 
the fraction of the model size.  Therefore, a 1/4 scale model will require 
the frequency to be increased by a factor of four to create an 
equivalent pattern.  To obtain an accurate model the conductivity and 
permittivity of the model's surface should be increased bv the same 
amount.  In an effort to accomplish this, the surface of the model is 
normally coated with copper which will increase the conductivity as 
much as economically feasible (reference 3). 

The cost and the ease of measuring antenna patterns are the main 
advantages of the modelinq technique.  Since the model is mounted on 
a pedestal, all depression angles can easily be measured at a relatively 
low cost per pattern. 

The most accurate antenna patterns are produced when a full scale 
model is used and care is taken to avoid the effects of the pedestal 
and reflected signals. When scaled models are used, the accuracy of 
the patterns will depend upon the precision of the model.  Small 
dimensional errors in the irndel can produce major errors in the 
measured patterns. Addit-' ^nally, to create valid patterns careful 
consideration munt be gi en to effects of supporting pedestal, cables, 
and other equipment wv jh are not part of the actual aircraft.  Due 
to these problems, mo.iel patterns mav contain holes v/hich do not exist 
in the actual antenna system. 

DYNAMIC 

Dynamic measurements of aircraft antenna radiation patterns are 
the final checks of the antenna performance,  V'Jith flight evaluation, 
the aircraft is placed in its operational environment and is completely 
isolated from external structure, like supporting pedestals and cables. 
Ideally the aircraft should l-e placed in space and rotated about its 
axis while a receiver on the ground records the signal strength at 
all depression and azimuth angles.  Since this is impossible, the 
aircraft is flown through a variety of flight paths such that the signal 
strength, at all depression and azimuth angles of interest, is measured. 
Normally only the lower hemispherical pattern is measured with this 
technique, since the aircraft would be renuired to fly inverted to 
measure the upper hemisphere from the ground, A variety of flight 
paths which can be used is presented in detail in a latter section 
in this report. 

NEAR-FIELD 

The near-field technique of measuring antenna radiation patterns 
has been one of the nevest developments.  This technique, which 
basically consists of automatic scanning of the antenna within the 
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Note: The B-52 is in the inverted position tor lower hemispherical 
antenna pattern measureiiient. 

Figure 2 Stockbridge B-52G Range 
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near-field region and extrapolating the data to the far-field, was 
developed at the National Bureau of Standards by D. M. Kerns (reference 
4). This method has been used at microwave frequency range producing 
excellent results.  Figure 3 shows a typical test in an anechoic chamber. 
Conceptionally, this technique can be applied to VHF/UHF frequencies. 
Therefore, it may be possible to apply this technique to measure 
some types of aircraft antenna radiation patterns in the future. 

One advantage of this technique is that the ground reflections 
and incidence reflections in anechoic chambers are eliminated because 
of the close proximity of the measuring probe to the "antenna.  Where 
there is strong atmospheric attenuation, such as in the millimeter- 
wave range, this technique is very useful since the far-field is determined 
from near-field measurements. 

The main disadvantage of the technique, in measuring aircraft VHF/ 
UHP antenna pattern, is the location of the probing antenna.  Since 
the aircraft structure will alter the antenna pattern, the probing 
antenna must be located beyond the outer structure. 

MULTIPATH RADIATION 

Multipath signals are sources of some of the most significant 
errors when dynamically measuring aircraft antenna radiation patterns 
in the VHF/UHF range. These errors result from the reception of a 
direct signal and reflected signal simultaneously, with the reflected 
signal changing phase due to the difference in path length and reflection. 
The reception of the reflected signal is capable of producing changes 
in signal strength of over 18 db.  Due to the magnitude of this effect, 
care must be taken to avoid influencing the antenna pattern with 
multipath radiation.  Therefore, this section is included to give an 
understanding of the considerations required to conduct flight evalu- 
ations of antenna patterns in the presence of multipath radiation. 

In the study of multipath radiation, the desired result is the 
magnitude of the vector sum of the direct signal and all the reflected 
signals received at the antenna.  If both the receiver and transmitter 
were located in free space, only the direct signal would be received 
with its strength reduced by the amount of spherical dispersion. When 
the earth is placed in this environment, the received signal is altered. 
The direct ray will become curved due to atmospheric refraction and 
multiple signals will be received due to surface reflections.  The 
resultant signal may show a loss or a gain, due to the phase differences 
between the direct and reflected signals. 

Since a smooth earth and true standard atmosphere do not exist, 
the simple two path propagation model is modified by several factors. 
Reed and Russell (reference 5) list a number of factors which tend to 
cause variations in multipath propagation.  These include: 

1.  Irregular terrain, such as hills and valleys, which cause 
reflected signals 1/2 wave length out of phase with the direct 
ray. 
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Figure   3 Near-Field Measurement 
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2. Absorbing or reflecting objects located near the ground antenna, 
i.e., trees, buildings, etc. 

3. Aircraft structure located near the antenna which can cause 
absorption or reflection of radiated signal. 

4. Non-standard atmosphere. 

5. Atmospheric turbulence. 

6. Changes in reflecting surface conductivity and permittivity which 
cause changes in reflection coefficient. 

To effectively use *the method of calculating effects of multipath 
propagation presented in appendix E, care must be taken to minimize 
these factors. The following are a number of the precautions which 
must be taken for the accurate prediction of the effects of two-path 
propagation. 

1. The receiving antenna must be isolated from structures which may 
cause reflections of signals to the antenna or interfere with 
the reflected signal being calculated.  Some objects which may 
cause this are locating the antenna near a roof or locating the 
antenna near buildings. 

2. In order to minimize the effects of non-scandard atmosphere and 
atmospheric turbulence, the flights should be planned during 
periods of stable atmospheric conditions.  This will mean to 
avoid flying during the hot summer afternoons when rapidly rising 
thermals are present. 

3. Changes in conductivity and permittivity of the reflecting surface 
can have a pronounced effect on the reflected signal.  To minimize 
these effects the flights should be planned with constant surface 
conditions.  This will mainly require flights to be made only 
when the soil is dry. 

SENSITIVITY TO ERRORS 

When the technique presented in appendix E is used to predict the 
effect of multipath radiation on the received signal, the effects of 
changes in the input paraneV.ers should be understood.  Figures 4 through 
7 show the effects of c^a/n'fing various parameters as predicted by the 
multipath option of the takt:«nna Data Analysis Program (ADAP) described 
in appendix C. The parsmriers changed in these figures are: 
(a) ground antenna height, (b) aircraft height, (c) permittivity of the 
reflecting surface, and (d) conductivity of the reflecting surface. 
There are numerous other factors which can affect the actual reception 
of multipath radiation.  These include:  surface roughness, turbulent 
atmosphere, and multiple reflects. Through careful flight planning 
these effects can be minimized. 

The importance of each parameter in contributing to errors in the 
calculated multipath effect is a function of the ability to accurately 
measure the parameter and the effect the paramater has on the calculation. 
Therefore, if changes in a parameter can have major effects on the pre- 
dicted multipath radiation, but the parameter is easily measured with a 
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high degree of accuracy, the parameter will be relatively unimportant 
for error consideration.  Frequency is one such parameter since it can be 
accurately measured, is very stable, and has a major effect on the cal- 
culated value. 

The two main parameters, which produce the majority of the errors in 
the prediction of the multipath effect, are the height of the antenna 
above the reflecting surface and the permittivity of the reflecting 
surface.  The reason for their importance is that they are difficult 
to accurately measure and they have major effects on the prediction of 
multipath radiation. 

The effect of errors in the height of the ground antenna can be 
seen in figure 4.  This figure shows that with a change in the height 
of the antenna above the reflecting surface of eight feet will produce 
a significant change in the predicted lobe structure. An increase 
in the height of the antenna will increase the number of lobes and 
reduce the distance between each lobe.  These errors can be caused by 
both errors in measuring the antenna height and changes in terrain. 
Since the terrain is not normally flat, this probably is the major cause 
of errors in the height of the antenna. 

The effect of errors in the height of the aircraft above the reflect- 
ing surface can normally be neglected.  Figure 5 shows the predicted 
effects of multipath radiation at two different aircraft altitudes. 
The effect is to increase the distance between lobes as the aircraft 
distance above the reflecting surface is increased.  Since the air- 
craft altitude can be easily measured to within +500 feet, these errors 
normally have little effect on the accuracy of tRe predicted multipath 
gain. 

The effects of changing the permittivity can be seen in figure 
6. This figure shows that permittivity affects the predicted gain 
but has very little effect on the location of the lobes. Additionally, 
permittivity has a very large range of possible values. For soil the 
relative permittivity has a range of 2 to 30. 

Conductivity of the reflecting surface is the one parameter which 
affects both the predicted gain and the location of the lobes.  Figure 
7 shows the effects of changes in conductivity on the prediction of 
multipath signals.  This shows that only for high conductivities 
does the change in conductivity have any significant effect on the pre- 
dicted gain.  Since earth normally has a conductivity between 0.1 and 
0.00001, the effects of changes in conductivity can be minimized.  This 
can be accomplished by only flying when the surface is dry. 

The use of Rogers Dry Lake at Edwards AFB for a reflecting surface 
appears to be ideally suited for use of predicted multipath radiation 
effects.  The surface is relatively flat and, due to lack of moisture, 
has constant permittivity and conductivity throughout most of the year. 
This enables the direct signal strength to be determined to within 
+2 db. 

In case the flight must be conducted when moisture is present on 
Rogers Dry Lake, the conductivity must be adjusted to produce the 
correct lobe structure. This can best be accomplished by flying 
outbound and Inbound radials to measure the multipath effect and use 
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the MULT option of ADAP (appendix C) to predict the multipath structure 
at different conductivities. The conductivity which produces the best 
match of the measured nulls and lobes should be used in the reduction 
of the data by the Antenna Radiation Pattern Measurement Program (ARPMP 
appendix B). 

USE OF COMPUTER PROGRAM 

The technique of calculating the effects of multipath, as presented 
in appendix E, is available in the computer program ADAP (see appendix 
C). As a part of ADAP the computer program MULT will calculate the multi- 
path effect at a given altitude, ground antenna height, frequency, con- 
ductivity, and relative permittivity. The program creates line printer 
plots plus a listing of all data points calculated (figure 8), 

This program can be useful for planning flight paths for the 
measurement of aircraft antenna patterns. By predicting the lobe 
structure, the flight path can be determined to keep the aircraft 
within an area of reinforced signals. 

Figure 9 shows the effect of multipath radiation on a radial flown 
at 7500 feet AGL. Figure 8 shows the predicted change in the signal 
due to multipath and figure 10 shows the radial corrected for multipath 
radiation. When flight evaluations of antennas are conducted, the 
patterns flown must avoid the null areas to produce meaningful results. 
Even though the Antenna Radiation Pattern Measurement Program (.5RPMP 
appendix B) has the option of calculating the multipath effect, accuracy 
is lost when data is collected within the areas of deep nulls.  Therefore, 
by using program MULT, the locations of deep nulls can be predicted and 
the flight pattern designed to keep the aircraft out of the null areas. 

PLIGHT TECHNIQUES 

The key to efficient dynamic measurement of aircraft antenna 
radiation patterns is the selection of an appropriate flight pattern 
which can produce the data desired ir. • r^nimum of flight time.  To 
accomplish this, a number of flight techniques are available.  Depending 
on the capability of the aircraft and the type of antenna patterns to be 
measured, one of the flight techniques listed in this section will produce 
the best antenna pattern in the shortest flight time. For most cases 
where 360 degrees of aspect angle are to be measured at 0 to -5 degrees 
depression angle, the skidding turn flight pattern should be used. 

CLOVERLEAF 

The cloverleaf flight pattern is the typical pattern used in the 
past to measure aircraft antenna patterns. The majority of these patterns 
are 12, 18, or 24 point cloverleafs (figure 11). The pattern should be 
flown at a range and altitude required to measure the depression angle of 
interest and at the same time keep the center of the pattern within a 
major lobe of the ground antenna pattern. This will insure the strongest 
signal is received and will minimize the errors due to changes in 
multipath radiation.  The normal method used to accomplish thi« is to 
pick the range and altitude first and then adjust the height of the 
receiving antenna to place a major lobe at that point. 
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TURN RADIUS 

1EG 
I 0 
2 150 
3 300 
4 90 
5 
6 

240 
30 

7 180 
8 330 
9 

10 
11 

120 
270 
60 

210, 

Figure     11     Clover loaf Flight Pattern 
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Once the location for cloverleaf is determined, the aircraft can 
be either radar vectored over the point at the proper heading or the 
pilot can maneuver the aircraft over the point by using a predominant 
landmark as the center point.  If radar tracking is not used the aircraft 
should pass within 1/2 NM of the center to produce accurate data.  An 
error of 1 NM can produce 1 db change in the received signal as a result 
of range and multipath signal.  Therefore, to insure the data is not 
affected by changes in range and multipath, the signal strength should 
only be measured v;hen the aircraft is within 1/2 NM of the cloverleaf 
center. 

The major advantage of this pattern is that the signal strength is 
measured when the aircraft is over the same point each time. This will 
tend to minimize the errors caused by multipath signals and atmospheric 
attenuation.  Another advantage of this pattern is that the time required 
to maneuver the aircraft from each data point permits the data to be 
recorded with a manual system. Consequently, an automated system is 
not required for this flight technique. 

The cloverleaf has two major disadvantages:  (1) flight time 
required, and (2) quality of antenna patterns produced. The flight time 
required for a 24 point cloverleaf can vary from 1 1/2 to 3 hours 
depending upon the type of aircraft flown.  Since only 24 data points 
are measured, the vast majority of the flight is required solely for 
maneuvering the aircraft and not collecting data. This is reflected 
in the quality of the antenna patterns produced.  Figures 12 and 13 
show two antenna patterns measured using an 18 point cloverleaf and a 
skidding turn.  The severe limitation of this flight technique can be 
seen by comparing the two antenna patterns.  Major holes can exist 
in the actual antenna pattern and would not be detected using the 
cloverleaf technique. Therefore, this flight technique is of only 
limited use. 

PARALLEL FLYBYS 

The parallel flyby pattern consists of a series of offset radials 
flown past the ground antenna (figure 14) ,  The length of each leg and 
the distance of each offset is determined such that all depression 
angles and aspect angles of interest are measured. 

The legs of a parallel flyby pattern measure depression angles of 
the decaying sine wave form (figure 15) .  As the altitude of the aircraft 
is lowered, the depression angles measured will approach the horizontal. 

When flying this type of pattern the radar controller must be able 
to visually extrapolate the aircraft course from a small flight segment. 
This will be required to vector the aircraft to the proper leg and keep 
it from drifting off course. To insure the aircraft will at least 
parallel the plotted course, specific headings should be called to the 
aircraft rather than just the changes in headings. All aircraft heading 
changes made after the start of the leg must be recorded with the IRIG 
"B" time for use in the master data reduction program (ARPMP). 

The most critical portion of the flight to keep the aircraft on 
course is the legs within 10 NM from the ground antenna.  Slight errors 
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Figure   15        Parallel Flyby Depression Angle Coverage 
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in the course on these legs will produce major errors in the aspect 
and depression angles measured. 

The major advantage of this type of flight pattern is that the 
complete lower hemisphere can be measured with a high number of data 
samples. Therefore, a high degree of accuracy can be obtained for 
effectively all the depression angles in the lower hemisphere of the 
aircraft in two to four hours of flight time. 

The major disadvantage of this flight technique is that for valid 
data to be collected, tht multipath signal must be eliminated. The 
best method to accomplish this is to use high directional receiving 
antennas. This is satisfactory for frequencies above 1000 MHz in 
which a six foot diameter dish will produce a sufficiently narrow beam. 
However, for frequencies between 100 MHz and 300 MHz the antenna dish 
would have to be up to ten times the size of the 1000 MHz antenna. 
Since an antenna this large is impractical to use, the multipath signal 
cannot be eliminated by the receiving antenna. 

An alternate approach is to use the multipath prediction pro- 
gram to calculate the magnitude of the effect.  This method of 
eliminating multipath signals is only usable for reflection angles 
of less than 12 degrees.  Approximations used in deriving the equations 
makes the calculations inaccurate above 12 degrees.  Therefore, the 
elimination of the multipath signal by prediction can only be used for 
near 0 degrees depression angle measurement. 

MODIFIED PARALLEL FLYBYS 

The modified parallel flyby technique is essentially a parallel 
flyby except the flight path has been altered to keep the aircraft within 
a major lobe of the ground antenna pattern (figure 16). This flight 
technique is designed to measure a specific depression angle where the 
parallel flyby technique will measure effectively the complete lower 
hemisphere.  The modified parallel flyby is conducted in the same manner 
as the parallel flyby technique. The aircraft should be radar vectored 
to the beginning of each leg allowing sufficient time to insure the 
aircraft is on course before the start of the leg. To insure the aircraft 
is at least parallel to the correct course, the pilot should be given 
specific headings rather than just the heading change when being radar 
vectored. 

The advantage of this type of flight pattern is that it has the same 
high number of data samples as the parallel flyby technique; yet, the 
data is only collected in the reinforced regions of the ground antenna 
pattern. Therefore, the data collected is not biased by major nulls. 
An additional advantage of this technique is that the airspace required 
to fly the pattern is reduced. 

The major disadvantage is the flight time required to complete the 
pattern. To create a continuous 360 degree antenna pattern up to 32 
individual legs must be flown. Another disadvantage is the difficulty 
to insure data samples are obtained at all aspect angles. Since fe*ch 
leg produces a small interval in aspect angle, a small error in the 
aircraft's path can cause specific aspect angles to be missed. 
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SKIDDING TURN 

The flight technique which is capable of producing a 360 degree, 
constant depression angle, antenna pattern in the shortest time is the 
skidding turn.  This technique requires the aircraft to complete a 
360 degree turn keeping the wings level. To assist in making the turn, 
rudder trim and asymmetric power may be used.  The location of the center 
of the turn should be picked to keep the aircraft within a major lobe 
of the ground antenna (figure 17). As with the other techniques, the 
areas of cancellation should be avoided to minimize the multipath 
radiation efttcts.  The diameter of the circle will depend on the capa- 
bilities of the aircraft.  On previous tests a C-131 flew the skidding 
turn within an 8 NM circle and an F-15 within 5 NM,  Since the objective 
of this flight technique is to rotate the aircraft about its vertical 
axis, the actual ground, path is of no concern except to insure the 
aircraft does not enter an area of signal cancellation. To correct 
for distortion of the measured antenna pattern, the multipath correction 
option should be used when processing the data.  Figures 18 through 21 
show a comparison of skidding turn data with and without the multipath 
correction option. 

To properly conduct a skidding turn flight, a map to be used for 
radar tracking should be marked with concentric circles around the desired 
orbit center.  By using a one inch to 1 NM scale map and 2.5 NM, 5 NM, 
10 NM, 15 NM diameter circles, the aircraft can be vectored to a starting 
point which will minimize the effects of wind drift. The major concern 
is to keep the aircraft from drifting into a region of cancellation. 
After the aircraft is vectored to the starting point, the aircraft will 
be setup into a constant rate skidding turn. Every 15 degrees during 
the turn, the pilot must call his heading as read off the directional 
gyro. The heading and IRIG "B" time will be recorded at the ground 
station for use in the Antenna Radiation Pattern Measurement Program. 
This program performs a linear time extrapolation to determine 
the aircraft heading throughout the turn for correlation with radar and 
signal strength data.  With the aircraft in a constant rate turn, the 
headings can be determined within two degrees using this technique. The 
major source of error is in reading the directional gyro and recording 
the proper time. 

If the aircraft cannot complete the turn within a 10 NM diameter 
circle or if the aircraft drifts too close to the ground station, the 
circle can be flown in segments.  Figures 20 and 21 show data collected 
on an F-15 turn flown in two segments with an^ without multipath 
correction. 

There are numerous advantages to this *: p^ of flight pattern. The 
main advantage is the short time required to oonplat« a 360 degree 
antenna pattern.  Depending on the capabilities of the aircraft, this 
turn can take as little as four minutes.  Since %hm  time required to 
complete a pattern is so short, drift will be rinimized in the test 
equipment. 

The major disadvantage is the requirement for the aircraft to be 
forced into the turn with sideslip. The ability of the aircraft to 
accomplish this depends on the type of aircraft.  In some aircraft, this 
may cause engine fuel starvation due to lateral acceleration. 
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BANKED TURNS 

Banked turns are flown using the same basic technique as the 
skidding turns, except the aircraft is placed in a constant bank turn. 
Once the turn is established the pilot must call the heading at the 
start and every 15 degrees throughout the turn. The headings and IRIG "B* 
times should be recorded at the ground station for use in the Antenna 
Radiation Pattern Measurement Program. The same precautions to avoid the 
areas of signal cancellation should be taken with this technique as 
with the skidding turns. 

Banked turn orbits produce a series of decaying sine wave depression 
angles as shown in figure 22. Through the combination of a series of 
different banked turns, partial upper and lower hemispheric patterns can 
be measured.  The actual depression angles covered are a function of 
bank angle, range, altitude, and orbit diameter. 

Since some model antenna radiation patterns are measured as 
circular cuts, the banked turn can be used to flight measure the same 
patterns. 

A disadvantage of the banked turn technique is that it does not 
produce conical antenna patterns which are the patterns normally of 
concern.  Additionally, due to the high turn rate in a banked turn, the 
number of averaged 0.5 second data samples per pattern are reduced. 
Where a skidding turn may produce up to five samples per degree 
azimuth, the banked turn may produce less than three data points per 
degree. 

POLYGON TURN 

The polygon turn is an effective technique to measure an antenna 
pattern in a short period of time; yet, avoiding the skidding turn.  This 
technique can easily produce 72 data points per 360 degrees which creates 
a reasonable representation of the actual antenna pattern.  Figures 23 
and 24 show a comparison of an antenna pattern measured with a polygon 
and a skidding turn. 

To fly a polygon pattern, the aircraft is required to be at a wings 
level attitude when the heading is called on each leg. Once the heading 
is called a banked turn should be executed as quickly as possible to 
change the heading approximately five degrees. This process should be 
repeated until a 3G0 degree circle has been completed with each called 
heading and IRIG "BN time recorded. 

The technique required to radar vector the aircraft to the proper 
starting point is the same as for the skidding turns.  The starting point 
should be such that the required diameter of the turn, in conjunction 
with the drift due to wind, does not cause the aircraft to fly into an 
area of cancellation. The diameter of a polygon flown by a C-131 on a 
previous test was 12 NM. 

This flight technique is useful in the event the aircraft cannot 
be turned in a wings-level-skid.  Since most, if not all, airplanes can 
fly a skidding turn this technique will not normally be used. 
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The main disadvantage is the large diameter of the flight path. 
Since only half the flight time is spent in a turp, the pattern will 
tend to be large.  This may require the polygon to be flown in segments, 

TEST PLANNING 

ADVANCED PLANNING 

Advanced planning for a test of an aircraft antenna radiation 
pattern should determine the facilities to be used, the antennas to be 
measured, the flight technique to use, and estimates of flight time and 
computer time.  With the determination of these factors the initial test 
planning can be finalized. 

The first major item to be determined in planning a test is which 
facility to use.  There are three facilities which can be used to perform 
these tests.  The choice of the facility will be made on the data require- 
ments.  For the measurement of antenna patterns between 100 MHz and 
400 MHz, building 275 at the South Base should be used. As planned, 
a facility will be developed at this building which will be capable 
of measuring six antenna patterns between 100 MHz and 400 MHz simul- 
taneously.  For pattern measurements in the 1.4 35-1.540 GHz or 2.2- 
2.3 GHz range the receivers and tracking antenna located at the TM site, 
building 5780, can be used. This equipment should be used in the same 
manner as the South Base facility.  For tests which involve frequency 
ranges unavailable at Edwards AFB or for tests which involve a large 
number of antennas, the facility located at Griffiss AFB, New York 
should be considered. 

The major dynamic measurement facility of aircraft antennas is the 
Precision Antenna Measurement System (FAME) of the Rome Air Development 
Center (RADC) at Griffiss AFB. This facility is located at the Verona 
Test Range, 18 miles south of Griffiss AFB. The FAME facility is capable 
of measuring 12 CW, AM, FM, or pulsed signals simultaneously on any 
frequency from 0.1 GHz to 18 GHz.  This system is also capable of measuring 
integrated power spectral density between pairs of frequencies and radar 
cross sectional areas. Through the use of tracking receiving antennas, 
tracking radar, and onboard aircraft attitude recorders, the FAME 
facility is capable of being used with any type of flight pattern.  If 
the frequencies to be measured are above 1 GHz and are not betveen 
1.435-1.54 GHz or 2.2-2.3 GHZ, FAME should be used and appendix A should 
be referenced for an additional discussion on FAME. 

The flight pattern to be flown will depend upon the type of data 
required and the Capabilities of the aircraft.  For most tests, a conical 
antenna pattern will be desired at a low depression angle (-5 degrees). 
In this case the skidding turns will produce the best antenna patterns 
in the shortest flight time.  For other types of data requirements, 
different flight techniques may Le used.  If high depression angles 
are required, banked turns or parallel flybys should be used. An esti- 
mate of the depression angle covered at different altitudes and ranges 
can be found from figures 25 and 26. 
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Figure  25      Vertical Coverage Chart 
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The correct values for point A are: 

Ground Range 8.b5 NM 
Slant Range 10       NM 
Elevation Angle 30.0    0 

Q 0.14 0 

Altitude 30,430       FT 
Depression Angle 30.14 0 

Given any two of the first five variables, the others can be found 
using the chart. 

Given the Depression Angle and any one of the first four variables, 
the others can be found using the chart. 

For ranges greater than 40 NM use the other Vertical Coverage Chart. 

Figure 25    (Continued) 

49 



NOTE: Earth Radius = 3436.99 M, I NM = 6076.1 FT 
K = 4/3 
Ground Ranqe approaches Slant Range for ranqes greater than 

ID to « IN 
O 

\ \ I I I 
O o 

o 0) 
«D 

— 

"~ f ■" < 
  21 

^1 l/l 
O in « i 

8i 

o 
29 

CD 

I 
01 

CM 

TO 
C < 
C 
o 

in (o 

X) 

< 

o «-> 
•iSt 
a 

o IT o in               O              ir> o 
'S- K-l fo (SI                   fSI                   — 

di oooix) 3aniij.iv 

Figure 26      Vertical Coverage Chart 
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EI EVATION ANGLE (DEC) 
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The correct values for point A are: 

Ground Range 
Slant Range 
Elevation Angle 
0 
Altitude 
Depression Angle 

80       NM 
80.2   NM 
3.0    0 

1.34 0 

29.747        FT 
4.34 0 

Given any two of the f^rst five variables, the others can be found 
using the chart. 

Given the Depression Angle and any one of the first four variables, 
the others can be found using the chart. 

For Ground Ranges greater than 40 NM, the Slant Range is within 0.8 NM 
of that range. 

For ranges less than 40 NM use the other Vertical Coverage Chart. 

Figure 26    (Continued) 
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Tc estimate the flight time requirement, the number of flight 
patterns flown must be determined.  Since the test may require antenna 
patterns with various aircraft configurations, the minimum number of 
flights required must be determined.  Flying multiple configurations on 
each flight and measuring multiple frequencies will reduce the total 
flight time required to complete the test. Therefore, one flight can 
produce antenna patterns with the landing gear up and down and flaps 
extended and retracted. 

If the multipath radiation is to be eliminated with the Antenna 
Radiation Prediction Measurement Program, data collected on radial 
flights will optimize the calculation. This data can be used if the 
antenna pattern is expected to be essentially constant from 0 to -10 
degrees depression angle at the nose or tail of the aircraft. 

The total flight time for each flight can be estimated by summing 
the following times:  (1) time to fly radial, (2) time to fly each orbit 
(or other patterns), and (3) time to vector aircraft to start of 
patterns (five minutes x number of patterns). 

DETAILED PLANNING 

After advanced planning has been completed and flight time estimates 
provided to the Project Engineer, the Systems Engineer should begin the 
detailed planning of the test.  This section will present the test 
preparation, data collection, and data reduction requirements for the 
detailed planning phase. 

Test Preparation; 

In preparing for a test, the Systems Engineer should first review 
all existing pertinent data on the antenna system being evaluated. 
Previous model patterns or previous dynamically measured patterns 
should be reviewed to locate specific antenna patterns which may be 
of significant interest.  This would be any large holes v;hich may be 
present or any unexpected holes in the pattern which may require 
special emphasis.  The physical location of the antenna on the aircraft 
should be reviev/ed to determine the potential effects the a? rcraft 
structure and external stores may have on the antenna pattern.  Holes in 
patterns may be caused by shielding of the antenna or reradiation by the 
aircraft structure.  Pilot reports of unexpected loss of communications 
are one means to locate potential holes in antenna patterns.  These reports 
can provide insight into deficiencies of antenna systems. 

Planning the tests will involve estimating the amount of support 
to be required by Technical Services (AFFTC/DOET).  This support will 
consist of CDC 6500 computer time, Calcomp plotter time, VIIF/UHF 
Antenna Radiation Pattern Measurement Facility (building 275), 
FPS-16 radar tracking (SPORT) including radar recording, radar tapes 
created by AFFTC/DOETDA (Data Analysis Section), and digitized signal 
tape created by DOETDD (Digital Data Processing Section). 

Estimates of the time required for each of the above organizations 
can be determined with the following equations: 
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Computer CPU time in minutes (T ) 

T a (Flight time in hours)(number of frequencies recorded) 

x (2) + (number of plots to be produced) x (.2) 

Calcomp plotter time in minutes (T ) 

T « (Number of plots to be produced) x (2.5) 

Time estimates for tho radar tapes and digitized signal tape will 
be equal to the flight test time. The tracking radar time estimates 
will be equal to the flight time plus 15 minutes per flight to allow 
time for the radar to initiate tracking. 

Time estimates for the VHF/UHF Antenna Radiation Pattern Measure- 
ment Facility will be equal to the flight time plus three hours per • 
flight. This will allow two hours before the flight for system warm- 
up and pre-calibration.  One hour is allowed after the flight for post- 
calibration. 

Frequencies must be assigned to the project from Frequency 
Management (1925 COMM Sq/DCXF).  Each frequency must be assigned 
to the test project, since any interference from other transmitters will 
create erroneous signal strengths. One communication frequency must also 
be assigned which cannot be jointly used with other projects.  Since the 
aircraft will be radar vectored and the pilot will be calling headings, 
interference from other projects will cause loss of data and difficulty 
in radar vectoring.  If the aircraft does not have a second communication 
radio which can be used for communicating with RAPCON, control of the 
aircraft can be maintained by requesting RAPCON to monitor the test 
communication frequency. 

After the test has been planned in detail, the System Engineer should 
prepare a Test Information Sheet (TIS), AFFTC Form 0-128, for inclusion 
in the final test plan.  This form should be completed according to the 
Systems Engineering Handbook, page 1-11-6. This should be accomplished 
at least two weeks prior to the test. 

A test card (figure 27) should then be prepared. This card should 
contain information which will be required by all test participants and 
be distributed at the pilot's briefing prior to the flight. 

Data Collection; 

The data collected during a test will consist of manually recorded 
data by the Systems Engineer and magnetic tape recording of signal 
strength and radar positioning. The data recorded by the Systems 
Engineer will consist of transmitter power, before and after each 
flight, pre- and post-calibration information, flight times, heading 
information, and signal tape identification information. 
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ANTENNA PATTERN EVALUATION 

JON 998300 

OPS 336-77 

AlC   -   F-15 No.   20113 

AlC Call Sign - Eagle 11 

Radar Call Sign - SPORT 

South Base Call Sign - BARRIER 

Communication Freq - 315.9 MHz 

Takeoff - 0800    12 Dec 1974 

Test Altitude 10,000 MSL 

Test Freqs  - 264.6MHz 

139.8 MHz 

TEST SEQUENCE 

1. Contact SPORT to initiate radar tracking 

2. Contact BARRIER for test freq ID 

3. Fly outbound radial 

4. Fly right skidding turn 

5. Repeat 4 

6. Repeat 4 

7. Fly inbound radial 

8. Terminate test 

Figure 27      Sample Test Card 
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The power delivered to each test antenna at each test frequency 
should be measured before and after each flight. This measurement 
should be made on the aircraft with a calibrated Radio Frequency (RF) 
power meter. These measurements will indicate if the transmitters 
are providing constant power to the antenna. Additionally, the 
measured power can be compared with the antenna patterns to show 
gain or loss from the isotropy. 

The power measurement should be in dbw and the line losses in db.* 
If power is measured in dbm or watts, it can be converted to dbw with 
the following equations: 

dbw *  10 log P  - db/T . 

or 

dbw ■ dbm - 30 - db (L) 

where 

db 

dbw 

Pw 

dbm 

(L) 

power to antenna in db above a watt 

power measured in watts 

power measured in db above a milliwatt 

line loss in db between the power measurement point and the 
antenna 

One of the most critical tasks of measuring antenna patterns is 
the calibration of the receivers.  Since the final data will depend 
upon the accuracy of the calibration points, care must be taken to 
insure the points are valid.  This will involve insuring the calibration 
equipment is operating correctly, the correct signal strengths are used, 
and connecting cables are in good condition. 

In calibrating the receivers the object is to place a known signal, 
from a calibrated RF generator, at the input terminals to the receiver. 
This will produce a signal which is recorded on the FM tape and can be 
correlated with the known signal with time. 

To accomplish the calibration, an RF power meter is connected to 
the RF signal generator in place of the receiver and the output of the 
signal generator is calibrated.  The power meter is removed and the RF 
generator is connected to the input terminals of the receiver.  The 
output attenuator of the signal generator is reduced in 5 db steps for 
each calibration point with the signal to the receiver and time 
recorded for use by the data reduction program. 

* Note:  Power is normally measured in dbw except for very low power 
levels (typically receiver input terminals) when dbm is normally 
used. 
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Normally the calibration points and the signal input to the receiver 
should range from approximately -50 dbm to -100 dbm. The actual range of 
the calibration can be changed once the received signal strength is known 
from test flights. 

For each flight pattern flown the aircraft magnetic heading and 
IRIG "B" time must be recorded by the Systems Engineer as called by the 
pilot.  This data will be entered in the Antenna Radiation Pattern 
Measurement Program for final processing of the data. The headings may 
also be recorded on the radar plot board for future reference. 

Data Processing; 

Processing of data collected during the test will begin with 
the creation of a digital signal tape and radar tape. These tapes 
provide the strength of each signal recorded and the location of the 
aircraft relative to the receiving antenna for use by ADAP and ARPMP. 

Requests for the creation of the radar tapes are made through 
the Data Analysis Section (AFFTC/DOETDA) by submitting the Radar/ 
Postflight Processing Request (figure 28).  The reference point for the 
processing of the radar data should be the location of the receiving 
antenna. 

Requests for digitizing the Ft*  signal tape are made through the 
Digital Data Processing Section (AFFTC/DOETDD) by submitting the 
Digitizing Request (figure 29).  When digitizing the tape, care must 
be taken to insure the data is associated with the correct source number 
(see appendix B) .  To insure the correct data is used by ARPMP, the 
frequency of the measured signal should be included in the source 
identification (DECOM) card used in digitizing the signal tape (see 
DOETDD personnel). The contents of this card are recorded on the 
digitized tape and printed by ARPMP.  To improve the resolution of the 
signal strength data, the signals of interest should be expanded to 
upper and lover band edge of the data channel.  The use of a 6 Hz 
lowpass filter may be used to reduce the noise content of the data. 

Once the radar and signal digital tapes are created, the data may 
be reduced and plotted using the data reduction programs ARPMP and ADAP. 
The coding of the proper computer punch cards to accomplish this are 
found in appendix B and C. Through the use of these programs the final 
plots can be produced. 

DATA ANALYSIS 

Analysis of antenna pattern data will consist primarily of 
analyzing the location and significance of holes found in the antenna 
pattern.  Since empirically measured data is never exact, some errors 
are to be expected in the measured antenna pattern. 

Figures 30 and 31 show a comparison of tv;o measurements of the 
same antenna pattern.  These figures show that, even though the 
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measured patterns are not identical, the basic characteristics of 
each pattern are the same.  The repeatability of these patterns are 
as close as can be reasonably expected. 

The significance of holes in antenna patterns can be seen through 
an analysis of the one way range equation for electromagnetic radiation 
propagation. 

^ ^ PT + GR + S + GM " L " 20 l09 ^IM " 20 lo*  FMIlz " 7-8 

P_ = power to receiver in dbm 

P = output power of transmitter in dbw 

G = gain of receiving antenna in db 

C = gain of transmitting antenna in dL 

G = gain due to multipath radiation in dL 

L = sum of all line losses in transmitting and receivina 
antennas in db 

R^ M = range to aircraft in Nil 

F,.., = frequency of signal in MHz 

Dy assuming values for the minimum discernible signal, gains of the 
antenna, and line loss; the effect of holes in the antenna pattern 
can be seen on the usable range of the transmitter. For a comparison 
the following values are assumed: P,, = -95 dbm, r = 30w = 14.8 dbw, 

GR = 0 db, GM = 0 dbm, L = 8 db, P^ ■ 264.0. 

Figure 32 shows the effect of a hole in the pattern of an omni- 
directional antenna on the maximum usable range of the transmitter. 
For each 10 db loss the maximum usable range is reduced by a factor of 
1/3.2.  Since most transmissions occur within 100 NM, a 6 db to 10 db 
loss will be insignificant.  Losses greater than this can significantly 
degrade the capabilities of the transmitter and when combined with 
multipath cancellation can result in complete loss of communications. 

The final analysis of antenna patterns of omni-antennas must con- 
sider the location, magnitude, causes of deviations from the Isotropie 
level, and MIL SPEC requirements.  For example, a 20 db loss due to 
landing gear extension may be acceptable but a 10 db loss due to 
external stores may not be acceptable. In evaluating the acceptable 
losses, the use of the aircraft in the particular configuration should 
be considered. 

REPORTS 

The Systems Engineer, responsible for conducting antenna pattern 
tests, will be required to prepare progress reports, a final report, and 
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I 
deficiency reports   (DR)   on tlie  test project.     These  reports  should be 
prepared with care to present the data in a clear,   concise manner. 

The progress reports are required to keep the  System Program office 
(SPO)  and management informed on the status of the test.    This report 
should summarize  the results of the  tests  for the  reporting period, 
indicate any problems encountered,  and briefly describe what ta-1'" 
remain. 

The  final  report should contain all the  information knov/n about 
the antenna  system.     The main body of the  report  should show how the 
test was accomplished;   typical  antenna pattern on each frequency, 
antenna,   and aircraft configuration;   and conclusions and recommendations 
on the ability of the  radiating  system to perform  its designed 
function.     The conclusions  should specify the  presence of any large 
null areas and the probable effect on the overall performance of the 
antenna system.    Line losses and voltage  standing wave ratio   (VSWR)   at 
each test  frequency should also be presented. 

The appendix to the report should contain all the data which lead 
to the conclusions  in the  report.     This would  include  all the plotted 
antenna patterns which were determined to  be  valid. 

In preparing the  final  report,   the  Systems Engineer should  always 
consider the  final   user  of the data.     As  such,   the  information presented 
should contain the  data which may be  required to  effectively  identify 
the characteristics of the radiating  systems. 
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APPENDIX  A 

PRECISION  ANTENNA   MEASUREMENT  SYSTEM    (PAMS) 

The Precision Antenna Measurement System is  a recently developed 
facility which represents the present state-of-the-art in dynamic measure- 
ment of airborne RP antenna radiating characteristics.     This  system is 
presently operated  by  the  Technical  Support Division of the Rome Air 
Development Center   (RADC)   at  Griffiss AFD,  Nev York.     The  PAMS  facility 
is  located at the Verona Annex of  RADC at Verona,   Nev York, 

PAMS is an automated  system which can measure up to  12 CW,  AM,  FM, 
or pulsed signals  simultaneously and is capable of measuring signal 
strength,   integrated power  spectral density between pairs of  frequencies, 
and  radar cross  sectional  areas.     Data may be recorded with horizontal 
or vertical  linear polarizations or left or right circular polarizations 
simultaneously.    This gives  the  system the capability of measuring up 
to   24  antenna patterns  simultaneously.     Through the use of a HP  2116B 
computer each frequency  is automatically calibrated in one dbm steps 
producing high accuracy  in the  calibrated signal. 

The PAMS concept  is   illustrated in figure Al.     The  system consists 
of:      (1)   an airborne monitoring recorder system,   which records on seven 
track magnetic tape the aircraft heading,  pitch,   roll,   and time 
for use during postflight dat?  reduction,   (2)   six airborne  signal  sources 
used to provide stable  10 watt  signals betv/een   .2  GHz  and  18 GHz,   (3) 
tracking receiving antennas,   (4)   FPS-16 tracking radar,   (5)   console to 
control  the data  sampling and monitor the received signals,   and   (6) 
computer system to reduce the  recorded data. 

Through the use of the Airborne Monitoring  System   (AMS)   and the 
FPS-ie radar,  the aircraft can  fly any flight pattern.     This enables the 
flight pattern to be designed to measure specific data requirements. 

The PAMS facility  is  the  best  system presently available to perform 
antenna pattern testing above  1 GHz.     If patterns are required on antennas 
above this  frequency the PAMS  range  should be used. 

To perform a test at PAMS the  following organization  should be 
contacted: 

RADC/TUTV   (M.   E.   Cook) 
Griffiss  AFB NY 

Mr.  Ed Cook  is the  PAMS engineer and can be  contacted by autovon at 
587-4227 to arrange testing on the  PAMS range. 

Additional  information on PAMS can be  found  in the  following two 
reports  from RADC:      (1)   Precision Antenna Measurement System   (PAMS), 
RADC-TR-73-233,  August  1973,  AD  915581L,   (2)   PAMS Airborne  Instrumentation, 
RADC-TR-74-144, July 1974. '      '" ' 
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APPENDIX B 

ANTENNA RADIATION PATTERN MEASUREMENT PROGRAM (ARPMP) 
Deck Number 4701 

INTRODUCTION 

The Antenna Radiation Pattern Measurement Program (ARPMP) is a 
software package developed to provide the Systems Engineer with an 
automated system for measuring aircraft antenna radiation patterns. The 
program is used for postflight reduction of data recorded on magnetic 
tape during an antenna pattern measurement flight and calculates the 
effective radiated power (ERP) transmitted, aspect angle, depression 
angle, horizontal range of the aircraft to the receiving antenna, and 
time.  The data read off the magnetic tapes are in 0.1 second intervals. 
For continuous patterns (orbits, radials, and parallel flybys) this 
data is averaged for 0.5 second and for discrete patterns (cloverleaf 
and polygon) the data is averaged for 2 seconds. The processed data 
is both printed and written to permanent storage for use by the Antenna 
Data Analysis Program (ADAP). 

SYSTEM OVERVIEW 

ARPMP consists of a main program and 14 subprograms which are 
each designed to perform specific tasks (calibration, read signal tape, 
read radar tape, etc.).  The main program and executive subprogram 
READD are used to control the operation of the program. 

The input/output requirements of the program are shown in figure 
Bl.  The signal tape is the digitized FM magnetic tape which contains 
the calibration signals and received signal strength of each signal 
source being recorded.  The tape also contains the IRIG "B" time for 
use in correlating the data with radar and aircraft heading data. 

The radar tape is the tape created by the Radar Computer Program of 
AFFTC/DOETDA. The tape contains the X, Y, Z location of the aircraft 
relative to the receiving antenna and IRIG "B" time. This tape contains 
other information on the aircraft's flight path but only the location is 
used by ARPMP. 

The card input to the program defines all the parameters necessary 
for the processing of the tapes.  This includes calibration data, flight 
times, flight pattern type, and options to use in reducing the data. The 
options available include:  (1) processing radial flight data without 
radar tapes, (2) using both pre- and post-calibration points on the 
signal tape, and (3) correcting signal strength for multipath radiation. 
The input cards select one of three basic flight paths flown by the 
aircraft. The flight paths are:  (1) radial or parallel flyby (constant 
heading legs), (2) cloverleafs or polygon (discrete points), and (3) 
orbits (continuous changing heading). 

The output data from ARPMP consists of an output file and a computer 
listing (figure B2). The output file contains all the processed data 
and is stored on either magnetic tape or disc. The data file can be 
used by ADAP to produce polar plots or range versus signal plots.  The 
output listing contains all the input cards read and a copy of all 



INPUT TO ARPMP 

OUTPUT OF ARPMP 

Figure   Bl ARPMP Input/Output Requirementt 
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the processed data. This can be used to check the validity of the 
data prior to plotting. 

PREPARATION FOR USE 

The program deck of ARPMP will be permanently stored on magnetic 
tape number 5540 in the tape library of building 3940. This tape contains 
four files which are:  (1) ADAP LGO (compiled file), (2) ARPMP LGO 
(compiled file), (3) ADAP source file, and (4) ARPMP source file. Prior 
to the first use of these programs, the compiled file must be copied to 
disc and stored as a permanent file as shown in figure D3.  Once the 
program is stored as a permanent file, it may be attached and executed. 

US7.RS GUIDE 

The execution of ARPMP requires a signal tape (TAPE10), radar 
tape (TAPEll), output tape (TAPE12) , and a data deck. The mass 
storage files may be either magnetic tape files or disc files.  For 
efficiency of operation, it is suggested these files be located on disc. 
This will reduce the execution time and free the program from requiring 
magnetic tape drives. 

The input magnetic tape files may be copied to disc with a COPYBF 
macro and the MERGE option of ADAP.  If more than one radar tapes are 
merged, the file should be created with increasing times. An example 
merge deck is shown in appendix C. 

The deck developed for running ARPMP is composed of two parts. 
The first part is the job control cards to attach, request, catalog, 
and execute the program.  Examples of these cards are shown in figures 
B13 and B14. 

The second portion of this deck is the parameter identification 
cards which supply all the required card input data for the program. 
There are nine different types of data cards used by ARPMP.  The 
selection and coding of the cards are described in the following 
section and shown in figures B4 through B12. Figures B13 and B14 
are example data decks used for ARPMP. 

Input Cards for ARPMP; 

ARPMP card 1 (figure B4) is used to provide a descriptive heading 
on the ARPMP listing. Any comment may be written in the 80 column 
field to describe the data being processed. Normally items like date, 
OPS number, aircraft, and flight type will be recorded. 

ARPMP card 2 (figure B5) is used to identify the options to be 
used and to identify the run.  By coding a Y for YES or an N for NO 
in the appropriate columns, radar tape, pre- and post-calibration, or 
multipath correction options can be selected. The radar tape option N 
is only selected for radial flights without radar tracking.  This will 
cause the program to calculate range based on time and range data supplied 
by ARPMP card 5,  If two sets of calibration points are to be averaged 
to calibrate the signal tape, a Y is coded in column 2.  If only one 
set is to be used an N is coded. Corrections of the signal strength 
for multipath radiation can be selected by coding a Y in column 3.  If 
this option is selected the multipath effect is calculated by the 



■ »Ill»«»   .^ 

A ■'■•'■'■■<■■: ■..Bggüo 'x-w;, ,.!■ in ..i.i,LI.'I,em 

/ ^qi.oij. ,3R^IP. Ati^." i ti= le:'-it:f K;;/!^. CV^ 

iäääi i B y i l| 1.1.1; 

tf /f/WfTTt^rf^ 
^i 

I / hllEWJESfrTOPT*^ 
M g t; .i IT. ' 

h J 
( 

4£w ir gwsgfrraPCTfn^ 
'ti * uit:' r 

?uTÄPt!"?74üi 

/jpw5r?79wmTTOr 
/ /mdsrfiTViifi. 

/LI i HI» i 

UUU M i^ t 

-inTTFFre-FriT,-i.vir1,-!iV|i-i.^T.-'T^T^^b.| EäiagBEESEg 

I 

irrr":-. .■•'■■ m, ?<ii " s [i ':■ ^ i: .i;. •: t ■ n r. t« :■ : ;; i. M i  ' i^ ' r. i. ^ r n 

mnrrrnTin 
I 1 1 4 I I ) I I II 
11 i 111t <l 11 

M22221222 

3 3 3 3 31 ■ 3 3 I 

4i4M ; • ; i' 

rnrji n J a ii rmrm i 
11 11 M II H P ') 'I l•lI, ^ ^ » "* .' il H ■)» 

n M i n t n n n 11 nn 

222222222222222222222222222222 

nrn 
. :  i H » M :i ;i ii« 

1111111111 

3<]<313213 

M4444444< 

J 5 5 5 5 5 b 5 5 5 > 5 5 5 •• D 5 0 a 5 

iiiijiiiij 
Otsl£ rrrrrrmn 

itlli^888U 

9S9S993399 
I  I I I I I T I 

II t; I! M 11« it <* o M 

1111111111 

2222227222 

331111133311333333313331111113 

4 /! 4 4 1 4 4 4 4 4 4 4 M 4 4 4 4 4 4 0 M 4 4 4 4 4 4 4 

> S S S S (191S snssisssstiiiitiiisi 

lltl UULU LtAjHAiill 
TWO 

mmmi 

8 « 8■!S8 8 « o 

9399!,9999S 
n \i ii it n n il II ii n 

THREE 
iiiiminwni 6.6 mi 

o ö ä öTTrsn 
it it Bü a a M a ■ n 
nn im n 
2222222222 

3333333333 

4444444444 

5 5 rt 5 5 ', 5 "i 5 5 

TffFOl 0 0 0 0 
11 IIII H :• NII N H '■ 

1111111111 

rnrnrrmi 
■i II ti ii n liti n n n 

1111111111 

22221222222222222222 

111113111 111 113111111 

4444444444M444444444 

555riri55:35;rj 555551(5 5 5 

FOUR 
mnmimmnm 
81111888888181881888 

99999999999999999999 
it ii n ii n »ii :i » »jii » » M n < *> a »*i 

FIVE 
6JLL6 6 6 R_S 6J 6 6 6 6 6 8 8 6 6 5 6 6 6 6 6 6 « M j 

«888888868 

9999999999 
11 '   It l   4i I, II II 1| U 

„J . J SIX -.-t—^ ttCVEN T "IGHT 
7 7 7 ,'7 / ? 7 7 7|J 7 7 / / n 7 7 717 7 7 7 i 7 7 7 7 7 

8 8 8 I 8 t 8 6 I C 8 C 8 I 6 8 8 8 8 l|8 C ! S 8 8 8 I 9 8 

IMIIIHIl[l9IISIIIIl|llilllllll 
||J.  ■ M ta ii it u ii ii||t c N willt " ti H .;|II '■ '! 'i 1 ; v J ii w 

Note:     Exact  Foi^at of Cards Depends Upon the Version of 
SCOPE  Being Used on the CDC  6500 Computer 

Figure   B3 Deck Setup to Copy ARPMP and ADAP to Permanent File 

81 



"^ -^— 
■ 

technique described in appendix E.  Selecting this option will require 
ARPMP card 4 to be coded. 

The number of flight patterns to be processed is coded in 
columns 4-10.  For each flight pattern processed ARPMI' cards 8-9 must 
be coded.  The number of different signals recorded is recorded in 
columns 4-10. The Julian date (0-365) of the flight is coded in columns 
21-30 and if a radar tape is not used the number of range entries is 
coded in columns 31-40 and the altitude of the flight (AGL) is coded 
in columns 41-50. 

ARPMP card 3 (figure B6) is coded to identify each signal source 
recorded on the signal tape.  The data recorded on this card are the 
frequency of the signal in MHz, line losses of the receiving system in 
db, and the gain of the receiving antenna in db.  Data on two sources 
are recorded on each card with a maximum of 20 sources permitted.  The 
order of recording the sources is the same as the order of the CAL 
records on the signal tape. This will normally be in the order of IRIG 
channels used to record the data on FIl tape. 

APJ'MP card 4 (figure B7) is used only if the multipath correction 
option is selected.  For each signal the receiving antenna height in 
feet, relative permittivity, and conductivity are entered in the same 
order as in ARPMP card 3. The conductivity and antenna height can 
either be measured or picked such that program MULT of ADAP predicts 
the location of each lobe to coincide with the measured lobes.  The 
relative permittivity which best eliminates the multipath effect can 
be found by program MATCH of ADAP. 

ARPMP card 5 (figure B8) is only used if the No Radar Tape option 
is selected.  This card records the range at the end of the radial in 
NM and the time the aircraft was over the receiving antenna and 
at the end of the radial. To determine the range of the aircraft, time 
will be used for linear extrapolation of range between the start and 
end of the radial. 

ARPMP card 6 (figure B9) will record the number of calibration 
points to be read on ARPMP card 7 (figure BIO). Cards 6 and 7 will be 
coded for each set of calibration points recorded. The calibration 
points should be recorded in sequence, starting with the signal identi- 
fied as source 1.  If pre- and post-calibration points are used, the 
set of calibration points with the lowest times should be coded first. A 
maximum of 50 calibration points per source is permitted, with a 
maximum of 200 total points. Normally 10 calibration points per source 
will be sufficient. 

ARPMP card 8 (figure Bll) is used to provide data on the flight 
type.  The first entry on this card identifies the basic flight technique, 
If the flight has legs of constant heading (radial or parallel flyby), a 
1 is coded.  If the pattern flown consists of discrete points (cloverleaf 
or polygon), a 2 will be coded.  For flight pattern with constant turn 
rates and continuous data sampling, a 3 is coded. 

In columns 11-20, the number of headings recorded on ARPMP card 9 
is recorded. A maximum of 90 is permitted per pattern flown. The 
aircraft's attitude (roll and pitch) is recorded in columns 21-40. 
Right roll is recorded as positive and left roll as negative as measured 
in degrees from the horizontal. Pitch up is recorded as positive and 
pitch down as negative. 
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Parameter Ide       fication Card 

Figure   B4    ARPMP Card ill 
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Parameter Identification Card 

z Is there a Radar Tape; Enter Y for Yes.N for No 

: Are there Pre & Post Cals; Enter Y for Yes,      ., 
I   N for No ! ! Ai 
^ Is Multlpath Option Used; Enter Y for Yes.N for NoA1 

^Number of  Different  Signals Recorded 
(No.   of Sources) 

Al 

Number of  Different Flieht Patterns J2 

110 

Starting Day of the Flight   (Julian) 

110 

Number of Ranges  (Used only If no Radar Tape;  other- 
wise left blank) 

no 
Altitude of Aircraft  (Only If no Radar Tape;  other- 
wise left blank) (AGL) 

F10.3 

Left Blank 

Figure   B5    ARPMP Card #2 
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Parameter Identification Card 

I 

s 

Frequency of First Signal Source Recorded on 
Digitized Tape in MHz 

F10.3 

Loss  in Receiver Antenna Cable  for First Source 
in db 

F10.3 

rvi 
Gain of Receiving Antenna   -or First Source in db 

F10.3 

Frequency of Second Signal Source Recorded on 

Digitized Tape in MHz 

F10.3 
Loss in Receiver Antenna Cable for Second Source 
in db 

F10.3 
Gain of Receiving Antenna for Second Source in db 

F10.3 

Repeat Card for Additional Sources until all are 
Recorded  (Maximum of  20) 

'A 

M 

'Or 

K? V 

4a ̂
 5k Q 

Figure   B6    ARPl-lP Card //3 
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Parameter Identification Card 

: Height of Source #1 ?bove Antenna Reflecting 
t Surface (ft) 

I 

Z Relative Permittivity of Reflecting Surface 
F10.3 

F10.3 
Conductivity of Reflecting Surface 
mho-meter/sq meter 

F10.3 
Antenna Height of Source #2 above Reflecting 
Surface (ft) 

F10.3 

Relative Permittivity of Reflecting Surface 

F10.3 

Conductivity of Reflecting Surface 

F10.3 

Repeat Card for Additional Sources until data is 
Recorded  for all Sources    (Maximum of 20) 

? 

% 
& 

QJ 

% 
Q ■j 

5fc ̂
 &J1 

v^ 
Ä 

Figure   B7   ARPMP Card #4 
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Parameter Identification Card 

- Time Over Site 

| Time at End of Radial    minutes 

E]Distance from Receiver Site at End of Radial (MM) 

        F3.0 

Distance from Receiver Site at End of Radial (NM) 
.  F3.0I 

hours 12 

minutes 12 

seconds 12 

hours 12 

12 

seconds 12 

hours 

Time Over Site minutes 

seconds 

Time at Knd of Radial 

hours  • 

minutes 

seconds 

DistaiK.' trom Receiver at End of Radial (NM) 

Time Over Site 

hours 

minutes 

seconds 

Time at End of Radial 

hours 

minutes 

seconds 

Distance from Receiver at End of Radial 

Time Over Site 

hours 

minutes 

seconds 

Time at End of Radial 

hours 

minutes 

seconds 

Figure B8 ARPMP Card #5 
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12 

12 

12 

12 

JJ. 
12 

F3-0 

12 

12 

12 

12 

12 

12 

F3.0 

12 

JL2_ 
12 

12 

12 

12 

my<i 

.I?^J  '- 

s^x 

W^Q 
rV^v t 

./* 



Parameter Identification Card 

Number of Data Points In Calibration Set for Signal 
Source (Maximum 50) 

110 

Is 
Figure   B9    ARPMP Card  //6 
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Parameter Identification Card 

•n Second Calibration Signal 

Calibrated Signal in dbm for  Signal  Source 

• hours 

Time of Calibration minutes 

seconds 

Time of Second Calibration 

hours 

minutes 

seconds 

Third Calibration Signal 

Time of Third Calibration 

hours 

minutes 

seconds 

Fourth Calibration Signal 

Time of Fourth Calibration 

hours 

minutes 
seconds 

F10.3 

12 

12 

F10.3 

12 

F10.3 

12 

F10.3 

12 

12 
12 

Figure BIO   ARPMP Card #7 

12 z 

& fy. 
& 

a» 
&J 

12        7 

12        f 
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Parameter Identification Card 

Type of Pattern Flown 
Code 1 for flyby, radial, or any pattern In which 
the heading Is held constant during a time Interval 
Code 2 clover leaf; polygon; or where data Is 
sampled at discrete points. 
Code 3 orbits or flight which requires continuous 
data with continuous heading changes. 110 

Number of Headings to be Entered 
(Maximum of 90) 

£ Roll Angle of Aircraft 
I   (Right roll is positive and left roll is negative) 

Pitch Angle of Aircraft 
(Pitch up is positive and pitch down is negative) 

Start Tine of 
data to be processed 
(not used for  Type 2) 

Stop   Time of data 
to be processed 

(not used for Type -2) 

Figure  Bll ARPMP Card # 8 
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Parameter Identification Card 

E Magnetic Heading for First Time 

Stop Time for First 
^| Heading 

qstart Time for First 
Heading 

hours 

minutes 

■Mflati 

hours 

minutes 

seconds 

Second Magnetic Heading 

Start Time for Second 
Heading 

hours 

minutes 

seconds 

<] Stop Time for Second 
Heading 

UL 

hours 

minutes 

seconds 

Third Heading 

Start Time 

hours 

minutes 

seconds 

Stop Time 

hours 

minutes 

seconds 

Fourtn Heading 

Start Time 

hours 

minutes 

seconds 

hours 

Stop Time minutes 

seconds 

Figure B12 ARPMP Card f 9 
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Figure  B13    Example ARPMP Deck 
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EM5Ü0rT277. 
«CHARGE (P.9^830»!.4701) 
ATTACH,!APEll.ü«»Tft. Iürjw(H£WoON .CY=l,Mk=l, 
ATTACH,TAPElC.L)ttTA.10=JwOBEHbON 
^EOUEbT.TAPh12.«HF. 

,CY = 2,^=1, 

ATTACH,LGÜ.IVU 
LGO. 

AP.lü=J"'OttEKS0N.CY = 2,'*KSl, 

CATALOG.TAPE 12,ooT«». ID=JWU3ER80N,CVa3,M^=l. 
7/B/9 

4 
YYY      3 

ÜEC 197a   C-131 
2       339 

0«H1T FLIGHT    OPS 338-75      RUN NO. 1 

139.-t 
27.       v. 

1.0 
3      .Oul 

264.6      1.1 
29.     4.5 .001 

6 
-40.2 021725   -50,2 021745 , .-60.2 021800   -70,2 021815 
-P0.? 

6 
O^IPSS   -90.2 021050 

-60.5 
-100,5 

0203SO   -fu.b 
0cO'*«»b  -llü.5 

020405   -HO.5 
020456 

020415 -9Ö.5 020430 

b 

-40.2 232007   -50.2 232020   -60.2 232032  -70.2 232045 

-80.2 
b 

232101'   -40.2 232118 

-60.5 
-100.-5 

2;i^7(.U   -70.b 
232HU0   -110.5 

«271«? -H0.5 
232«I20 

232735  -9Ö.5 2J2 745 

3 
210 OüJiIi_ 

it                   30 
223 001315 

OOTSTF 
240 001320 

001441 
255 001323 

?70 001327 
330 nül3<»5 

2fl5 001331 
3^5 001350 

300 001336 
360 001355 

315 001340 
015 001401 

030 001*05 
090 00U21 

0*5 0Ol<*lO 
105 001-25 

060 ÖÖ1414 
120 001429 

075 ÖÖ141B 
135 001432 

150 00U3ö 
3 

165 O0i'*<»i 
25       15 001921 002313 

030 OOlv^l 
090 OO.-'UIJO 

"45 001931 
105 002009 

060 001941 
120 002019 

075 001950 
135 002028 

150 002139 
210 002119 
270 002154 
310 0Ü??J3 

'030 002313 
2 

165 
?25 
?85 
345 

00204H 
002127 
0Ö22ÖV 
0 02243 

IftO 0020«^ 
240 002137 
500 002213 
360  002254 

1*}5 Ö62107 
255 002145 
315 1502223 
015  002303 

73 
350 OO^-IH 
010 00*559 
030 004 543 
050 004b2« 
070 004709 
091 005219 

355 
0 15 
"35 
C55 
075 
095 

00*427 
004507 
00<«551 
0 0*639 
005154 
005227 

360 004438 
020 004516 
040 0Ö4603 
060 0Ü46»»7 
080 005202 
100 005238 

"005 ÖÖ445Ü 
025 004528 
045 004612 
065 00465» 
085 005209 
105 005246 

349 005959 
7/J/9  
6/7/8/9 

1)0 005255 
130 005331 

115 005305 
135 0J5341 

121 00^315 
140 005348 

125 605325 
145 005358 

150 005.*05 
170 005«.*2 

155 005415 
175 0054SU 

161 0O542«, 
180 005501 

166 005433 
185 005509 

191 005519 
211 005553 

195 U05525 
216 005603 

200 00553* 
220 005611 

205 ÖÖ5544 
225 005620 

230 005627 
250 005700 

?3b 005636 
255 003709 

240 00564a 
260 005716 

245 005653 
265 005725 

270 00t>736 
291 005H12 

275 005744 
295 005^20 

2'79 005753 
300 005829 

285 ÖÖ5B04 
305 005K35 

311 005H4b 
330 005921 

315 o;.5tt55 
336 005930 

320 005903 
341 005938 

325 005913 
346 005949 

Not« i Exact Format of Cards Depands Upon the Version of 
SCOPE Being Used on the CDC 6S00 Computer 

Fig «re B14 Emmpl« ARPMP Dock 



Columns 41-60 are used to record the start and stop times to be 
used for processing of flight's data for flight type 3.  For flight 
types 1 and 2, the start and stop time entries are not renuired since 
the times are used for each heading entry on ARPMP card 9. 

The last card is ARPfir card 9 (figure E12). This card contains 
all the headings and heading time intervals to le used in data 
processing.  The headings recorded are magnetic headings as read off 
the aircraft's directional gyro.  The headings, start time, and stop 
time are recorded four to a card with a maximum of 90 entries.  For 
flight types 2 and 3 the stop times are left blank and if radar 
tapes are not used the heading may be left blank. 

Program Description; 

ARPMP was developed in a modular design to facilitate future pro- 
gram modifications. As such, the program uses 14 subprograms of which 
READD, CAL, SIGNAL, RADAR, MULTPTII are the main subroutines.  The main 
program is responsible for initialization of data, reading control 
data cards, and initiating the data processing. 

Subroutine CAL creates the arrays required by VCAL to calibrate 
the data on the signal tape in dbm.  This subroutine reads data cards 
which give the time and signal recorded on the signal tape.  Data 
are read off the tape for tvo seconds after the time and the averaoe 
number read is stored in the array CALSE.  Each calibration signal for 
each source is saved in this array which is used by VCAL to linearly 
extrapolate signal tape data to obtain calibrated data. 

Subroutine READD is the  master subroutine for processing data.  This 
subroutine is called once for each set of data to be processed and controls 
the calling of other subroutines to create the final data.  The effective 
radiated power is calculated by the one way range equation: 

ERrdbm = Pr 
+ L + 20 log RN ♦ 20 log F^ + 37.8 - GR - GM 

ERP,.  = dbm - 30 dbv 

P <= power received (dbm) 

L *= line loss in receiving antenna (db) 

Rj, ■ slant range to aircraft (NM) 

FMHz * frequency (MHz) 

G-, ■ gain of receiving antenna (db) 

Gw = gain due to multipath radiation (db) 

The data array created by REA.DD is v/ritten to mass storage and the line 
printer. 

Subroutine SIGNAL is called by CAL and READD to provide 0.5 seconds 
of averaged data off the signal tape for each source of data recorded. 
This subroutine returns uncalibrated data on each source. 



Subroutine RADAR is called by READD to provide the slant range, 
horizontal range, aspect angle, and depression angle of the aircraft to 
the receiving antenna. The subroutine will use the average X, Y, Z 
location of the aircraft for 0.5 seconds interval and,through the subroutine 
mis, return the required data to READD. 

Subroutine MULTPTII uses the technique described in appendix £ to 
determine the effect of multipath radiation on the received signal.  If the 
multipath option is selected, this subroutine will be called to return 
the db gain of the multipath signal at each data sample. 

Two input tapes are required for the calculation of aircraft 
antenna patterns by ARPMP. These tapes are created by AFFTC/DOCTD 
from an FM analog tape and an FPS-16 radar tape. 

The first input tape is the digitized signal tape created from the 
FM analog signal tape. This tape is created in 16 bit words and is 
composed of three types of records.  Function IWRD of ARPMP is used 
to extract the 16 bit words from the 60 bit words in the CDC 6500 
computer. 

The first record recorded on tape is the heading record. This 
record is used to identify the tape and has the format as shown in 
figure B15. 

The second record written on tape is the time Cal record (figure 
B16). This record contains the tag number to identify the millisecond 
time in the data record. This tag number will be either a 177776g or 
7g depending on the machine being used to create the tape. 

For each data source recorded on tape, an additional Cal record 
is written to identify the tag number to be associated with that data. 
All Cal records are read by ARPMP which reads the tag number to identify 
each data sample in the data record. 

After the Cal records are written, the data records (figure B17) 
are written which contain data sampled at 0.1 second intervals off the 
FM tape. All data points are written in pairs of numbers in this record. 
The first number contains the data value and the second number contains 
the data tag number to identify what data is recorded. At every 
millisecond change a millisecond word is placed in the data record. This. 
word is used to identify the time in the data record. 

The second tape used by ARPMP is the radar tape. This tape is 
created by the Radar Computer Program as described by Range Data Processing 
System, FTC-TIM-73-2. 9m tape is composed of four different record 
types but only one record type is used by ARPMP. The first 13 words on 
record type 3 is used to provide the aircraft position relative to the 
receiving antenna.  The format of this record'is shown in figure B18. 

The output tape created by ARPMP consists of records of 482 words 
which contains data in six word groups. For each data sample the follow- 
ing words are placed in the record:  (1) source number, (2) signal 
strength (dbw), (3) depression angle (degrees), (4) aspect angle (degrees), 
(5) horizontal range (NM), and (6) time in total seconds. Word number 
481 in the record contains the number of valid words in the record 
and word number 482 is set to 1 at the end of a data set. 

A listing of the ARPMP source deck can be found in appendix F. 



Record Code 

ID 

Word Count 

Dewcri 'tiou 

~I 1  
1   0   0 s. 

R 
i—i—i—i—i—i—i—i—r 

Format Code 

Number of Words in Record - 2 

EFCDIC Coded Characters 
(■76 Characters Maximum) 

- 

J I I L I I I I L- I      1 I I L 

16 Bit Words 

SR - Sourc e Number of Digitizing Equipment 

(Not Used by ARPMP) 

Format Code      EBCDIC Coded Format Identifying Character 

(Not Used by ARPMP) 

Figure   B15       Heading I.ecord .7'ormat 

Word No. 

1 

2 

3 

4, 

5 

6 

35 

36 

J7 

38 

39 

40 

96 



**i 

Record Code 

ID 

". ord Oount 

Description 

T~T~T i i o u R 
1—i—i—i—i—i—i—r 

Format Code 

Number o' Words in "".ecord - 2 

EBCDIC Coded Characters 
(80 Characters Maximum) 

Data Tag Number 
I     ' I I L I L I I L J I L 

16 Eit V/ords 

SR = Source Number of Digitizing Equipment 

(Not Used by ARPMP) 

Format Code = EBCDIC Coded Format Identifying Character 

(Not Used by ARPMP) 

Figure   B16     Cal Record Format 

V.'ord No. 

1 

2 

3C 

39 

40 

41 

4 2 

43 

97 



Record Code 

ID 

Word Count 

Record Status 

10   0   0 
\     |s  f     f     1     1     1     1     1     1     1     1 

^R                   Format Code 
1             I 

Number of Words in Record - 2 (N) 
i 

Word = 0 for Valid Record 

Data 

1 
Tag 

edsj j 
PFens of Day _ r 

Hundreds of 1     Tens ot 
Milliseconds    Millisecond 

.J I T     T ~T J L-l L_ 

Hundred 
of Day 

Tens of 
Minutes 

Units of 
Minute s 

Tens of 
Seconds 

Units of 
ceconds 

"Units 6r 
Millis 
 J  

econ' ds 

Word No. 

1 

2 

3 

4 

5 

6 

7 

£ 

N-4 

r-i 

N-2 

N-l 

N 

N+l 

N+2 

16 Bit Words 

SR = Source Number of Digitizing Equipment (Not Used by ARPMP) 

Format Code = EBCDIC Coded Format Identifying Character (Not Used by ARPMP) 

Millisecond Time Word is Placed at Each Millisecond Change in Record 

Words N,  N+l, and N+2 Represent Time of Last Data Word in Record 

Figure    B17      Data Record Format 
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WORD 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

CONTENTS 

101 

12 

13 

Total Time (Seconds) 

Time (Hours) 

Time (Minutes) 

Time (Seconds) 

Elapsed Time (Seconds) 

Status Word For A Valid Record 

Equals 'ICH /' 

X (Feet North Of Antenna) 

Y (Feet East Of Antenna) 

Z (Feet Above Antenna) 

DX/DT 

DY/DT 

DZ/DT 

FORMAT 

Integer 

Fp 

Integer 

Integer 

Fp 

Fp 

A10 

Fp 

Fp 

Fp 

Fp 

Fp 

Fp 

Figure Bl8   Radar Record Format 



APPENDIX C 

ANTENNA DATA ANALYKIS PROGRAM (ADAP) 
Deck Number 4700 

INTRODUCTION 

The Antenna Data Analysis Program (ADAP) is designed to assist 
the Systems Engineer in planning, processing, and reducing data 
collected during antenna radiation pattern tests.  To accomplish this, 
ADAP consists of a series of subroutines vhich can be used for:  (1) 
predicting the effects of multipath radiation (MULT), (2) determining 
the permittivity which best eliminates the multipath radiation (MATCH), 
(3) merging radar tapes into one file (MERGE), and (4) plotting processed 
data on the Calcomp plotter (PLOT). Through the use of ADAP, data 
processed by the Antenna Radiation Pattern Measurement Program (ARPMP) 
can be plotted for use in final reports. 

SYSTEM OVERVIEW 

ADAP consists of a main program and 13 subprograms vhich are 
called to process the reouired data. Through the use of the main 
subroutines MPLOTS, RDMERGE, MULT, and MATCH each of the four available 
functions of ADAP can be executed (figure Cl). 

Mass storage input/output requirements for ADAP will depend 
upon the function being used.  The mass storage requirements for each 
function are:  (1) MULT - requires no mass storage, (2) MATCH - requires 
one input (TAPE11) mass storage file, (3) PLOT - requires one input 
(TAPE12) and one output (TAPE13) mass storage file, and (4) MERGE - 
requires one to three input (TAPEll, TAPE12, TAPE13) and one output 
(TAPE10) mass storage file. 

The card input to ADAP consists of 11 different cards.  The cards 
to be used for each run will depend upon the options of ADAP selected. 
A decision chart for the selection of the proper cards is shown in 
figure C2 and a description of the use of each card is presented in the 
Users Guide section of this appendix. Example deck structures, output 
listing, and plots are included to assist in the use of this data 
reduction program. 

PREPARATION FOR USE 

The program deck of ADAP will be stored with ARPMP on magnetic 
tape number 5540 in the tape library of building 3940. This tape will 
contain the following four files:  (1) ADAP LGO (compiled file), (2) 
ARPMP LGO (compiled file), (3) ADAP source file, and (4) ARPMP source 
file. Prior to the use of the program the ADAP LGO file must be copied 
to disc as shown in figure C3.  With the LGO file cataloged on disc 
it may be attached and executed. 

USERS GUIDE 

The execution of each function of ADAP is controlled by ADAP card 1 
(figure C4), This card will select the option to be used by coding the 
proper name starting in column 1. When using the functions of ADTNP, 
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Note:    Exact Format of Cards Depends Upon the Version of 
SCOPE Being Used on the CDC 6500 Computer 

Figure   C3    Deck Setup to Copy ARPMPand ADAP to Permanent File 

IN 



t v ■ 

Parameter Identification Card 

SjPointer to One of Four Major Subroutines Code 
Either MERGE, PLOT, MATCH, or MULT Starting in 
Column 1. 

A10 

Rest of the Card is Blank 

Figure C4 ADAP Card 11 
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care must be taken to insure the proper name is given to the mas«? 
storage files. Figure C5 lists the files required for each function 
of ADAP. 

MERGE Function; 

Execution of the MERGE function of ADAP, which combines radar tapes 
used by ARPMP, reduces the data storage requirement of radar data 
by 95 percent and reduces the computer execution time of ARPMP by 
about 50 percent. MERGE can be used to either store the radar data on 
disc or magnetic tape.  Whenever possible, it is sugqested that MERGE 
be used to store the radar data on disc, even for flights having onlv 
one radar tape, due to the savings of computer time and the elimination 
of the requirement for magnetic tape drives by ARPMP. 

The only data card required, other than ADAP card 1, is ADAP card 
2 (figure C6) with the number of tapes to be merged coded in column 10. 
When MERGE is used the tapes should be merged in order of increasing 
times with the tape having the lowest time on input file TAPE11.  The 
merged data will be v/ritten on output file TAPE10, An example deck for 
MERGE is shown in figure C7. 

PLOT Function; 

The PLOT function of ADAP can produce either polar plots of the 
aircraft antenna pattern at selected depression angles or cartesian 
plots of range (NM) versus signal (effective radiated power dbw) ot 
radial flight data. The input data is read from file name TAPE12 which 
was created by ARPMP. The output file is a Calcomp plot tape v/hich is 
written to file name TAPE13.  The printer listing created for the 
range plots contains all the data points used for the plot.  The 
polar plot listinq contains all the 0.5 degrees of aspect angles which 
contain data, the number of data samples in the aspect angle interval, 
averaqe signal, and standard deviation of the data in the interval. 
Connecting lines will be drawn through all data points on the polar 
plots which are within five degrees in aspect angle.  Example decks, 
listinqs, and plots are shovm in figures C14 through C17. 

When calling the PLOT function the first card coded ir. ADAP card 
1 with PLOT and the second card coded is hühV  card 3 (figure C8). 
This card indicates the type of plots (P for polar and S for range) and 
the time interval to read data off the input file. 

The third card coded is ADAP card 4 (figure C9).  This card 
identifies the data to be processed and defines the scaling to be 
used on the plots. The first entry on the card is the source number of 
the data to be plotted. The source numbers are set by ARPMP and can 
be found in the ARPMP output listing. 

The next items required on this card are the minimum and maximum 
values to be written on the signal axis scale. For polar plots, only 
the maximum value is required. For range plots the values should be 
picked such that [(maximum signal) - (minimum signal)] ♦ Y axis length ■ 

N 1, 2, or 4 x 10 , where N is any integer number. This will insure the 
Y axis is scaled to an easily read value. The range interval is used 
only for range plots and should be set in the same manner as the 
signal interval. 
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FUNCTION FILE NAME DESCRIPTION 

MULT 
i_ 

No mass storage files required. 

MATCH TAPEU Input file created by ARPMP which 1 

contains radial flight data.                               | 

PLOT TAPE12 Input file created by ARPMP which ! 

contains data to be plotted. 

i 
1 

TAPE13 Output file plot tape to be used by j 

the Calcomp plotter. 

j        MERGE TAPE11 Input file radar tape to be merged j 

or condensed. Contains the lowest i 

times for merging.                                               1 

i * 
i 

TAPE12 Second input tape for merging with 

TAPE 11. 

TAPE13 Third input tape for merging with | 

TAPE 11 and TAPE12. 

i 

TAPE10 Output file of merged or condensed              j 

radar tapes.                                                          1 

Figure C5    Mass Storage Files of ADAP 
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Parameter Identification Card 

» Number of Tapes to be Merged 

110 
s 

» 
s 

I 
M 

I 
Figure C6 ADAP Card #2 
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Figure   C7   Example Deck for   MERGE 
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The last tvo item*  on thin card are the vild point check parameters. 
The minimum and maximum siqnals to be accepted and coded. Anv signal 
which falls outside this interval is ignored by the program  This is 
used to insure data is not plotted which would be off the plot scale. 

The fourth card required is a heading card (ADAP card 5 figure CIO) 
which provides 70 columns of heading information to be printed on the 
listing and written on the plots.  Information to identify the plots 
should be coded on this card. 

The fifth card to be coded depends upon which plot routine is to 
be used.  If range versus signal plots are to be produced, ADAP card 
7 (figure C12) will be coded with the length of the X axis and Y axis. 
For polar plots ADAP card 6 (figure Cll) is coded which contains the 
depression angle of the data to be plotted, scale interval, depression 
angle interval, type of plane to draw, and polar grid drawing code. 

The polar plot will consist of all data which lies within the 
depression angle plus or minus the depression angle interval.  If a 
999.0 is coded, for the depression angle, all data will be plotted 
regardless of the actual depression angle. 

The plane type should be set to a "1" to draw the airplane in 
the center of the plot. The paper selection should be set to a "1" if 
a polar grid is to be drawn on plain white plot paper or set to a "0" 
if polar grid paper is used. If the polar grid is to be drawn, the 
plotter request card should specify pen 2 as wet black and pen 1 
as black ballpoint.  Instructions should be given to center pen 1 on 
the perforations and to use 200 plain white paper. If polar paper is 
used, instructions should he given to center pen 1 in center of the 
polar paper (figure C13). Range plots should specify wet pen 1 black 
and paper 201 or 202. 

ADAP cards 3 through 7 are repeated for each plot to be produced. 
Program PLOT will continue to produce plots until all data cards are 
read.  Due to different plotter paper requirements polar plots and 
range versus signal plots cannot be created on the same run. 

MULT Function; 

The multipath radiation prediction option (MULT) of ADAP can be 
used for predicting the multipath effects to be expected at i given 
altitude and range. This program uses the technique presented in 
appendix E to calculate the multipath effects. Through the use of 
predicted multipath effects, the range and altitude can be determined 
such that the aircraft's flight path will avoid areas of signal 
cancellation. An example deck and output listing are shown in figures 
C18 and C19. 

The first card coded should be ADAP card 1 with the MULT function 
selected. The second card coded will be ADAP card 8 (figure C20) with 
each altitude to be processed. A maximum of eight altitudes per run 
are permitted.  For each altitude listed, a printer plot will be produced 
for each ADAP card 9, 
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The card that controls the number of plots to be produced is ADAP 
card 9 (figure C21).  This card may be repeated as many times as desired. 
The entries required are range interval, receiving antenna height, 
frequency, polarization, permittivity, and conductivity. For ease in 
reading the printer plots, the range interval should be picked such that 

N (maximum range - minimum range) T 10 = 1, 2, or 5 x 10 where N is any 
integer number.  Freauency is recorded in MHz and polarization is 
equal to zero for horizontal or one for vertical.  The relative per- 
mittivity and conductivity of the reflecting surface are entered as the 
last two items on the card. 

HATCH Function; 

The multipath matching option (MATCH) of ADAP can be used to 
determine the permittivity which produces the best elimination of the 
multipath effect.  This program uses the output file created by ARPMP 
on a radial flight. The radial is corrected for multipath radiation 
by MATCH using the technique presented in appendix E.  Due to inaccuracies 
in the calculation with high angle reflections, the program will not 
use data which has a reflection angle greater than 12 degrees. Through 
an iterative process MATCH will determine the permittivity which produces 
the multipath corrected radial with the least deviation from the data's 
mean. When this value is found the measured radial, multipath *" 
corrected radial, and predicted multipath effect are plotted on the line 
printer. An example deck and listing are shown in figures C24 and C25. 

To run the MATCH option ADAP card 1 is coded with MATCH and ADAP 
card 10 (figure C22) is coded with an 80 column comment heading to 
print a heading on the output listing. ADAP card 11 (figure C23) should 
then be coded with the time interval, antenna height, aircraft altitude, 
frequency, and data tag number. This information will identify the 
data to be processed and parameters required to calculate the multipath 
effect. 
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Parameter Identification Card 

: Start Time 

Pointer to One of TWO Subroutines; Can be Either 
P: or S. 

Hours 

Minutes 

Seconds 

Stop Time 

Hours 

Minutes 

Seconds 
The Rest of the Card is Blank 

Figure C8 ADAP Card It 3 
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Parameter Identification Card 

Source No. to be Plotted 
(Number as Set by Antenna Radiation Pattern Measure- 

ment Program) 

F10.3 

Minimum Signal to be Plotted 
(dbw) 

(Left Blank for Polar Plots) 

F10.3 

Maximum Signal to be Plotted 
(dbw) 

F10.3 

Minimum Range to be Plotted (NM) 
(Left Blank for Polar Plots) 

F10.3 

Maximum Range to be Plotted (NM) 
(Left Blank for Polar Plots) 

F10.3 

[ Minimum Value Used for Wild Point Check of Signal 

F10.3 

Maximum Value Used for Wild Point Check of Signal 

F1Q-3 
Left Blank 

Figure C9 ADAP Card //4 
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Parameter Identification Card 

Ft Comment to be Drawn at the Top of Each Plot K 
1*1                                                                                                              1 

M                                                                                                                                                    '   1 
H H                                                                                    1 
Pi                                                                                    ' 
H                                                                                                                          ! i 0 
R 
1*1                                                                                                                                       ! 
R 
R ■j 

R                                                                                                               ! ■j 

R ■j 
M ■j 
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Figure  CIO ADAP Card #5 
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Parameter Identification Card 

Depression Ang. to be Plotted (If 999. All 
Depression Angles will be Plotted) 

F10.3 

Signal Interval in Units Per Inch 

F10.3 

Width of the Depression Angle Window to be Plotted 
(Left Blank if Depression Angle Equal to 999.) 

I F10.3 

Tells Subroutine PLANE What Plane to Draw 
II 

Pointer to Decide Whether or Not Polar Grid Will be 
Drawn (If Equal to Zero No Grid will be Drawn)   II 

Rest of Card Left Blank 

P 1 

Figure  CU  ADAP Card  #6 
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Parameter Identlcation Card 

E X Axis Length in Inches 
l 
B 

• 

\                                                                                                      F10.3 

5s 

» Y Axis Length in Inches 

1 
5 

:                                      F10.3 i 
Z s 
\  Rest of Card Left Blank 
E 
■ 

< 

• 
• 
• 

i 1 
M 

• 
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• 

• 
• 
| 
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• 
• 

m 

• 
! 
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•* 
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• 
• 
4 
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h 
** 
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• 
• f 

• - 
• 
1 
■* 

■ 
E M 

1 
• 
•• 
1 * 
1 
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1^ 

Figure  C12 ADAP Card #7 
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1 EM PLOTTER JOB REQUEST 

Doc 
OFFICE SYMBOL 

poass 
PHONE NUMBER 

72 V 75" 
JON                                       1 

ffdSoo     1 
1 T *PE NU MBER 

1 32 5 b 
NUMBER OF PLOTS NO.  CY PER  PLOT 

/ 

TIME PER PLOT 

n    1 
PLOT NUMBER                                 } 

START 

/ 
END                                          I 

1     PEN  POS TYPE  PEN COLOR INK POINT SIZE 

'^ PRODUCTION 

|     | CHECKOUT 

PRIORITY               j 

r  ' t-c/eT" ^■/JC\ 

1 -      2 
\      .   : 3 

|                           CL A5S1FICAT10N 
PROGRAMMER CALLED 

BEFORE PLOTTING 

PAPER SIZE                                                       | 

li              ■   SH R 

i                   C   5. 

Q] ]  CON Pi DEN T   AL 

Q1  SECRET 

200 PLAIN   V 

20 1 OLIVE/ 

JC 202  REO/20 

20 3 OLIVE/ 

VMITE                           ]   SCO  PLAIN  WHITE                   | 

ODIVIN               "BOIOLIVE/IODIVII              | 

1 SPECIAL  INSTRUCTIONS Dl V   IN                    ^| 502 

29   Dl V  IN           T        MISC 

RKC /10 CM V IN             | 

AFFTC   F°RM 118       REPLACES AFFTC  FORM 0-50,  MAR 73,  WHICH WILL BE USED 

Sample Plot Request for Range Versus Signal Plots (Radial Flights) 

r-  

£>/                                                 PLOTTER JOB REQUEST 
NAME OFFICE SYMBOL 

PO££F5 
PHONE NUMBER 

72*75- 
JON 

1 APE NU MBER 

323S 

NUMBER OF PLOTS 

(O 

NO.  CY PER PLOT 

/ 

TIME  PER PLOT 

2i *.* 
PLOT  NUMBER 

START 

/ 
END 

Iff 
PEN  POS TYPE  PEN COLOR INK POINT SIZE 

yC^ PRODUCTION 

~   | CHECKOU T 

PRIORITY 

■K . hall- poin't (7/ach 
X -W >f black 

3 

CLASSIFICATION 
PROGRAMMER CALLED 

BEFORE PLOTTING 

PAPER SIZE 

5MB                                      CONFIDENTIAL 

C    3.                                    SECRET 

^ 20C   PLAIN   V 

' 20 1 OLIVE/ 

Z_   ', 2C 2  BED/20 

.-33 OLIVE/ 

^HITE                           'SOOPLAINWHITE 

0OIVIN                "50 1OL1VE/1CDIVIN 

Dl V   IN                        " 502   RED.'20   Dl V   IN 

28  Dl V IN                     MI5C 

S'ECIAu   INSTRUCTIONS 

AFFTC   ^°^M           118        REPLACES AFFTC   FORM 0-50,  MAR 73,  WHICH  WILL  B E USED 

Sample Plot Request for Polar Plots with Polar Grid Drawing Option 

Figure C13   Sample Plotter Job Request Cards 
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Note: Exact Format of Cards Dapands Upon tha Varslon of 
SCOPE Being Used on the CDC 6500 Computer 

oOn PLOT Dack 
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O <3 t~ 
o o o 
O O -l 

o o 

a 
n     i 
M   ' /> 

-^    -J 
-i               -1 
•« o ~ 
^ aj  i 
O >- 
-. t- o 
«/> tj ;j 

-1 3 
^i t a.   • 
JJ ■D       O 
u K ill (VJ 
3 -« O) 
S «» Z 
a <  < 
s i: ^ 
X   (* 

CO ui C 2 
ai r- i _) >» 
ji m >- r i 

<J       o •-• ►- 
JJ —J «J x 
_> -i .> <   je ^ -• 3 C UJ 

a  » ^ •       ►- 
a     >-* O UJ 4 
or t^ Z UJ Q 
a. ^ OJ •—   U.   -»J 

a c V? «J 
^ _j -t O         _) 
-J   Q. »- o a- j 

O D O 
_J    _(  O L->     •           « 
-j < a -• O O a 
-*  7 >- 1  o 
< ij vi O        O UJ 

•M UJ         •  s 
L^   y»    A* i-     r>- 
H        X ►-          -t 
C)    • »- (J O  l/t          -* 
-* t^ ^ —j —*      —^ 
X  -> > a.            « 

J- • a 
a.   UJ  ^J r>4 UJ uJ      vn 
< to a rD I- T >- 
-   ^. r, t- "« D 
o < o a a x -j 
a. OL »- _ ►- u. 

a. 
*■ i' V. —       i^i a 
U.:       U          «'1 ID < u. I« «1 
T  X^ 2   O UJ   -J 
H- H" • O ?   -J O 

uu O » <       a. 
-  * >. ^ t^t   Q£ 

a. -. — Wl   Ml 

UJ 55-^ 
H- i C   C 1- 

UJ   uU   J « 3« « 
a. a. 4 a z z X 
>-*-►- 4^ M  H^ H-   UJ 
f- >- IO r c      a. 
HI *m UJ •« >- 
u. a. X svx^t: 

2 
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ac O »-^OOJ OOOOOOOOO O00000000000000000^000-J00(-)00003000000 
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a.U      -« •••.•.••••..•••••••••••••••.«••••..•••••••••• 
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Note:     Exact Format of Cards Depends Upon the Version of 
SCOPE Being Used on the CDC 6500 Computer 

Figure 018  Example MULT Deck 
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Parameter Identification Card 

Altitudes AGL  (Maximum 8) 
Code One  to Eight Altitudes 

f 

I. 

(i 

F10.2 

XLflL^i 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

rio.3|    ^ 

<t *C *J 

& fr. *J 

^ 
&y 

& 
^^ 

<£ 
Pj 

^ 
^ 

Figure C20   ADA? Card //8 
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Parameter Identification Card 

s       STARTING RANGE of Graph 

F10.3 

END RANGE of Graph 

F10.3 

Antenna Height above the Reflecting Surface 

F10.3 

Frequency of Transmitted Signal in MHz 

F10.3 

Polarization of Transmitted Signal 

(|3 Is horizontal and 1 is vertical) 

F10.3 

Relative Permittivity of Reflecting Surface 

F10.3 

Conductivity MOL-Meters/sq. meters 

F10.3 

Left Blank 

Figure C21 Adap Card #9 
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Parameter  Identification Card 

i 

Figure C22  ADAP Card  //10 
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Parameter Identification Card 

m   Start Time 

Hours 12 

Minutes 12 

Seconds 12 

Stop Time 

Hours 12 

Minutes 12 

Seconds 12 

» Height of Receiving Antenna in ft. above the 
' Reflecting Surface 

F10.2 

Height in ft. of the Aircraft Above the Reflecting 
Surface 

F10.2 

Frequency of Transmitted Signal in MHz 

F10.2 

Source Number of Data to be Matched (Must correspond 
to the No. written by the Antenna Radiation Pattern 
Measurement Program) 

IlC 

Left; Blank 

Figure C23 ADAP Card itll 
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iWTCH 

{ Uj] i; n ü I M ■ an g a M >'. M I ; v ^ r i)'.: M M t., 
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\ 
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777JJ 77?; ? 

. iiiiinii' 

THNEE 

777 777777 7 

IMIIIMII 

199999 99999,19999919 99 
1 1 1 t 1 1 r ■ ■ Hin •m 14 is 1« IT is 11 NIH *i D * is is n ]■ n M 

jpirrti tsr. 

0000000000 
»aanaanaa« 
1111111111 

2222222222 

nsinttai 
4444444444 

5SSSSS5SS9 

IllSSIItll 

7777777777 

IIIOIIIIII 

9999999999 
aaaaaraa 

0000 (I 00000 
4I4I41444J4I4I*«I» 

1 I   1   I   I   1   1   I   I   1 

2222222222 

3333333333 

4444444444 

5555555555 

tctiiieiii 
FIVt 

7777777777 

llllllllll 

9S99999999 
4J U 44 41 41 41 41 41 

0000000000 
smniiaanaa» 
llllllllll 

2222222222 

3333333333 

4444444444 

llllllllll 

IIIIII mi 

0000000000 
•1 a ti M a «•> a a a|ii 
llllllllll 

2222222222 

llllllllll 

44444444444 

77777 7777 7 

illllillll 

9999999999 
1 a u a a si IT a a 

«5555 55555 

jIMIIIIII 
• CVCN 

7777777777 777777777 

• i n 111111 til 111 i B111 

00000000 
nnnnTipnTsa 

I I I I I I I I 

22222222 

33333333 

44444444 

■15555555 

6 6:66696 
ClOMi 

9 9999 999 999 
41 ki M to a ti a a .«'i 

10991919 
n ri H n a TT a N 

Note:    Exact Format of Cards Depends Upon the Version of 
SCOPE Being Used on the CDC 6500 Computer 

Figure   C24     Example MATCH Deck 
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APPENDIX D 

ANTENNA PATTERN MEASUREMENT TEST 

The antenna radiation pattern measurement technique dtvej. ^ped for 
this report was the result of tests performed in the Fall of x>74 at 
Griffiss AFB, New York and Edwards AFB, California. These tests were 
designed to determine the ability of different flight techniques to 
accurately measure antenna pattern and to determine the anterna pattern 
measurement system to be established at the AFFTC. 

This test was conducted in two phases using the Space and Missile 
Test Center's (SAMTEC) Radar Calibration C-l31 (#803). The first 
phase was at Griffiss AFB using the Precision Antenna Measurement System 
(PAMS) and the second phase was at Edwards AFB using equipment at the 
Barrier Instrumentation Facility, building 275. 

GRIFFISS AFB PHASE 

The Griffiss AFB phase was conducted as a joint project between 
SAMTEC and AFFTC.  The aircraft was scheduled by SAMTEC for a complete 
test of its antennas on the PAMS range.  Therefore, to reduce cost 
AFFTC and SAMTEC combined both test requirements into one test program 
which was conducted in October 1974. 

During the tests at PAMS, fifteen antennas were evaluated at 
eight different frequencies. This resulted in over 800 antenna pattern 
plots being produced.  To excite the antennas, the aircraft was modi- 
fied at Edwards AFB with racks and wiring for the installation of 
transmitters and the PAMS Airborne Monitoring System (AMS) for the 
recording of the aircraft altitude during the PAMS tests.  The final 
installation of equipment was made at Griffiss AFB. The exciters used 
for tye  antennas being evaluated for SAMTEC were the airborne RF signal 
sources provided by PAMS.  The exciter used for the antennas being 
evaluated for AFFTC were standard communication transmitters which were 
rated for continuous transmission.  The 136.8 MHz CW signal was provided 
by a Wilcox 807A transmitter and the 225 MHz CW signal by an AN/PRC-6C 
portable transmitter. 

The flight patterns flown at Griffiss consisted of:  (1) radials, 
(2) parallel flybys, (3) cloverleaf, (4) orbits, and (5) polygon. 
Due to difficulties with the AMS, data on the orbit and polygon flights 
were lost.  The data on 139.8 MHz and 225 MHz were collected using a 
circular polarized receiving antenna even though the transmitted signals 
were vertically polarized. This enabled data to be collected on nearly 
all the flights at Griffiss AFB, since the ground antenna was being 
used as circular polarization on all flights for SAMTEC. This caused 
all the plots of the 139.8 MHz and 225 MHz data to be 3.01 db low. 

A total of six parallel flyby patterns were flown, one radial 
flight, one orbit flight and  one cloverleaf flight with data collected 
on 139.8 MHz and 225 MHz. The flight patterns flovn on the parallel 
flyby, cloverleaf, and radial patterns are shown in this report in 
figures Dl through D3. 
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PAMS 

Figure D3     Radial Flight Paths Flown Griff iss AFB 
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The flights flown on the PAMS range for the SAHTEC and AFFTC tests 
required 50 hours of flying time which were flown, for the most part, 
from 0030 to 0830 hours.  The flights at night were required to avoid 
interference of the UHF signal from local TV stations. 

EDWARLS AFD PHASE 

The second phase of the tests conducted at Edwards AFD was designed 
to determine the optimal technique to be used at the AFFTC and the 
equipment required for an antenna measurement system at Edwards AFB.  As 
such, the same type of patterns were flown at Edwards as were flown on 
the PAMS range except modified parallel flybys were flown instead of 
parallel flybys (figures D4 and D5). 

The tests were flown in December 1974 using the C-131 #803 with the 
Wilcox 80.1A VHF transmitter on 139.8 MHz and the AN/PRC-66 UHF trans- 
mitter on 264.6 MHz.  The UHF sigral was not the same frequency as the 
Griffiss AFB tests because the 225 MHz frequency was not among the 
AFFTC assigned frequencies.  Therefore, slight differences are to be 
expected between the UHF antenna patterns of the PAME and AFFTC tents. 

The equipment available at the Barrier Test Facility located at 
Soutli Base was used to record the signal strength data during the tests. 
The instrumentation system provided the basic equipment required to 
record the data and the TRIG "B" time required for time correlation 
with radar position data.  The equipment indicated in the lower right 
section of figure D6 was available at the Barrier Facility and was 
used for the tests.  The facility provided a 14 track Ampex FR 1600 
instrumentation tape recorder which was used to record the data and 
IRIG "B" time code as received from the base timing system.  The VHF 
time code receiver and demultiplexer provided time data which was 
recorded on tracks 11 and 12 of the FR 1600 tape recorder.  The signal 
strength data was recorded on track 2 of the tape recorder using an 
IRIG channel 10 and an IRIG channel 13 voltage controlled oscillator 
(VCO).  The automatic gain control (AGC) voltage of the Stoddard Model 
NM-30A VHF receiver was filtered with a lovpass filter to remove 
modulation components from the AGC voltage.  This filter was not necessary 
with the TR-104 telemetry receiver used for the UHF signal receiver. 

For the purpose of measuring received signal strength, the Barrier 
Instrumentation System was supplemented with additional equipment.  An 
omnidirectional VHF and UHF antenna system was installed at an elevation 
of 27 feet above ground level.  The antennas were connected to the 
receivers by approximately 45 feet of RF-213 coaxial cable.  The signal 
loss was measured and recorded for each cable at the test frequencies 
of 139.8 MHz and 264.6 MHz. 

The UHF signal was received by an Astro Communication Laboratory 
Type TR-104 Telemetry Receiver.  The AGC voltage ranged from 0 volts at 
-110 dbm signal to approximately -5 volts at -40 dbm signal. This 
voltage was used as the input to the model VC-50 VCO operating at IRIG 
channel 13.  The VCO was adjusted so that -110 dbm signal was approximately 
90 percent of upper band edge and -4 0 dbm signal was approximately 10 
percent of upper band edge. 
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A Stoddard Radio Field Intensity Meter was used to receive the VHP 
signals. The AGC voltage from this receiver was used as an input to a 
VC-50 VCO operating on IRIG channel 10. It was similarly adjusted so 
that -110 dbm signal was near upper band edge and a -40 dbm signal 
drove the VCO toward lower band edge. The two VCO outputs were mixed 
and both were recorded on track 2 of the tape recorder. 

The signal loss from the antenna to receiver input was measured 
for each coaxial line at the test frequencies. This was accomplished 
by first measuring the output of the signal generator with the 
power meter directly at its output terminal. The feed line was then 
inserted between the signal generator and the power meter and the 
difference in power was noted.  The signal loss for the coaxial lines 
used between the signal generator and the receivers were similarly 
measured at the test frequencies. 

Prior to the start and after the completion of each flight, a 
series of calibration points were recorded on the PM tape.  The signal 
generator provided the calibration signals to the receiver terminals in 
5 dbm increments.  This produced signal calibrations from -40 dbm to 
-90 dbm for the VHP receiver and -60 dbm to -110 dbm for the UHP 
receiver. The IP.IG "B" time and signal strength were recorded for 
each calibration point for use by the Antenna Radiation Pattern 
Measurement Program to calibrate the recorded signal strength in dbm. 

DATA A1IALYEIS 

Data collected during both phases of this test program were 
used for analysis of the multipath effects and flight techniques. 
Through the use of radial flight data, the ability co eliminate multi- 
path radiation was evaluated and through the use of polar plots of the 
antenna patterns, flight techniques were reviev/ed for accuracy and 
repeataLility of data. 

Radial Plight Data; 

The radial flights were designed to map the multipath radiation 
effects at both test facilities and to demonstrate the ability to 
eliminate the multipath effect through computer prediction. The Edwards 
APD radials were plotted as signal (dbw) versus range and the Griffiss 
AFB radials were plotted as signal and range versus time.  Since the 
rectiving antenna at PAMS was receiving the vertically polarized trans- 
mitted signal as circular polarized, both left and right circular polar- 
izations are plotted.  Doth polarizations should produce similar data, 
but transmission path effects cause differences to exist. 

The Griffiss APB radials show that a multipath lobing structure 
exists for the 139.8 MHz and 225 MHz data (figures D7 through D10). The 
lobes are large enough to produce significant effects on the polar 
plots and are especially significant between -10 and -90 degree depression 
angles, where the aircraft was within 10 NM of the receiving antenna. 

The radials also show that multipath radiation is being received by 
the six foot dish antenna on 14 35 MHz (figures Dll and D12). At 27 NM 
and 35 NM large cancellations occur but data at less than 25 NM does not 
show any multipath effect. This is due to the beam width of the six 
foot antenna being sufficiently narrow to eliminate the multipath radiatior 
at the higher antenna elevation angles. 
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The Edwards radial data (figures D13 through D16) show the multi- 
path lobing structure which existed during the Edvards AFB tests. The 
lobing structure was close to that which was expected. Since all 
orbits and modified parallel flybys vrere flown from 20 OT' to 30 NM, 
only the 264.6 MHz data would be distorted due to the large null which 
exists between 15 NM and 24 NM. 

The ability to eliminate the multipath signals by computer predictions 
is shown in figures D17 through D20.  The areas of concern are from 
20 NM to 30 NM where the orbit and modified f]yby flights were flown. 
In this ranqe all the radials are reduced to within +1 dl .  Larcre errors 
exist up to 16 NM in the 26 4.6 MHz radial, corrected for multipath 
radiation (figures D10 and D20), due to approximations used in 

multipath predictions (appendix E).  (Rl) 

Additional radials were flown at Edwards AFB to determine if the 
TM site, buildincj 570 0, could be used to measure aircraft antenna 
radiation patterns in the VHF/UEF range.  The data collected shoved the 
effects of multipath radiation, with an omnidirectional receiving 
antenna, are too severe and unpredictable to use this site for VHF/ 
UHF antenna pattern measurement.  This is probably due to the heioht 
of the receiving antenna above the reflecting surface producing 
a laroe number of lobes and the chanqing terrain of the reflecting 
surface modifvino the lobing structure. 

Polar Plot Data (Criffiss AFB Test): 

The polar plot data from the Criffiss AFB test (figures D21 through 
D27) was collected with the parallel flyby flight pattern (figure Dl) 
and a cloverleaf (fiqure D2).  Since multipath radiation war beina 
received durina these tests, the effect the reflected signal has on the 
recorded data must be considered when analyzing the antenna patterns. 

The data, used in the 0 to -7 degree depression angle polar plots 
of the Griffiss AFB test, consists of all data collected during the 
parallel flvby flight pattern except the data when the aircraft was 
within 10 NM of the PAMS site. 

The data used in creating the 0 to -7 degree depression angle polar 
plots, from the parallel flvbv flight oattern, was collected from 10 NM 
to 35 NM from the receiving antenna. Data from all legs of the flight 
pattern are the averaged for each 0.5 degree in azimuth angle. Since 
most azimuth angles are covered in more than one leg, data are being 
averaged from different legs of the flight path. 

The resultino effect of averaging data on different legs, in the 
presences of multipath radiation, will depend on the lobing structure 
of the signal. For the 139,8 MHz data, one lobe and one null was 
included for the data collected from 20 to 160 and 200 to 340 degrees 

Numerals preceded by an R within parentheses at the end of a paragraph 
correspond to the recommendation numbers tabulated in the Conclusions 
and Recommendations section of this report. 
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azimuth angle around the aircraft.  This has resulted in reducing the 
multipath effect in these azimuth angles. 

For the azimuth angles around the nose and tail of the aircraft 
the data being used come from the 0, 1, and 3 MM legs.  Since these 
are essentially radial leqs, the lobing effect can be seen in the polar 
plots (figures D21, D22, D25, artf D26). 

As the frequency is increased more lobes will be present in the 
data.  This has the effect of increasing the jagged appearance of the 
data over the nose and tail of the aircraft and possibly creating 
fictitious holes in the antenna pattern between 30 to 16 0 and 210 and 
330 degrees. 

Polar Plot Data (Edwards AFB Test): 

The polar plot data from the Edwards AFB test was collected using 
orbits, cloverleaf, and a modified parallel flyby flight pattern 
(figure D4). All data was collected from 20 NM to 30 NM from the 
receiving antenna and in the presence of multipath radiation. 

The effect of multipath radiation on the antenna patterns can 
easily be seen in figures D46 through D49,  Since the orbit turns were 
conducted from 20 NM to 30 NM, the aircraft entered the first null 
of the 264.6 MHz signal.  This resulted in the apparent depression of 
the antenna pattern on one side of the aircraft«  For the banked 
turn the depression vaR not so pronounced due to the small turn radius 
keeping the aircraft from enterinq the deep portion of the null. 

Through the use of the multipath correction option of the Antenna 
Radiation Pattern Measurement Proqram (ARPMP appendix B), the multipath 
effect was effectively eliminated (figures D58 through D64), 

A comparison of skidding turns and polygon turns of the 139.8 MHz 
antenna patterns, corrected for multipath radiation (figures D37 throuoh 
D45), shows that the general shape of the patterns are the same.  Since 
there are numerous factors which can affect the received signal, an 
exact comparison of the antenna patterns cannot be expected.  The primary 
concern for comparing the antenna patterns is the location and magnitude 
of losses in effective radiation power (ERP). Comparing the polar plots 
for these items indicates the skidding turns, polygon, and modified 
parallel flyby produce essentially equivalent antenna patterns.  Due to 
savings in flight time e-id high quality of data, the skidding turn flight 
technique was judged the best technique,  (R2) 

A comparison of data between the two phases of the test must be 
conducted with the 139.8 MHz data, since this was the only data collected 
on the same frequency. Comparing the general shape of the antenna 
patterns shows the gains and losses are basically in the same location. 

The major difference between the Griffiss AFB data and the Edwards 
AFB data is the magnitude of holes in the antenna patterns.  The 
Griffiss data has holes of approximately twice the magnitude of the 
Edwards data. The reason for the difference has not been resolved at 
this time. 
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The eouipment used during the Edwards phase of this test (figure 
D6) has produced repeatahle results.  With the addition of airborne 
transmitters, which are capable of transmitting multiple signals on 
antennas simultaneously, the enuipment can provide an inexpensive 
permanent antenna radiation pattern measurement facility.  (R3/ 

CONCLUSTONE AND RECOMMENDATIONS 

Orbit turns have shown to be an effective flight technique to 
produce continuous coverage of an aircraft antenna radiation pattern. 
Through the use of the multipath prediction option of the Antenna 
Radiation Pattern Measurement Program (ARPMP), the effects of multipath 
radiation can be effectively eliminated. 

1. To effectively eliminate multipath radiation effects in the VIIF/ 
UHF range, the multipath option of ARPMP should be used (page 148). 

2. Orbit turns should be used when measuring aircraft antenna radiation 
patterns (page 149). 

The antenna pattern measurement facilitv to be developed at AFFTC 
should be patterned after the eouipment used in this test. This facility 
can produce accurate, repeatahle results with enuipment readily available 
on base.  With the addition of airborne transmitters to excite two antennas 
with three signals each, aircraft antenna radiation patterns can be 
accurately, economicallv measured. 

3. An antenna radiation patterns meacurement facility should be 
installed at Edwards AFB patterned after the system used in this 
test ( page 150). 
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APPENDIX E 

MULTIPATH RADIATION 

TWO-PATH PROPAGATION CALCULATION 

The theory of tvo-path propaqation is thoroughly developed in most 
textbooks on electromagnetic wave propagation. This appendix was written 
to provide a condensed and simplified presentation on multipath radiation 
theory and to show the multipath prediction technique used by the 
computer prograins documented in appendices B and C.  Since a complete 
development of the theory is not presented in this report, the symbology 
used will follow that used by Reed and Russell (reference 5).  This will 
allow the reference to be easily used if a more detailed explanation of the 
theory is required. This section will include four basic concepts which 
make up the theory of multipath radiation predictions.  They are as 
follows:  (a) earth gain factor (gO)), (b) divergence factor (D), (c) 
reflection coefficient (R) of the reflecting surface, and (e) the 
geometric relationship between the receiving antenna, the transmitting 
antenna, and the reflecting surface. 

EARTH GAIN FACTOR 

The earth gain factor g(G) is the ratio of the resultant vector 
(sum of the direct and reflected signal) to the direct signal. 

g(e) = -£ (i) 
o 

ER = resultant siqnal* 

E0 = direct signal 

The relationship of the tvo vectors is shown in figure El. 

•Note:  Vectors are represented by italic characters in this report. 
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Figure El Recultant of Direct and Reflected Vector 

Where DRE. is the reflected signal, D is the divergence factor, R is 

the reflection coefficient (R - |K|), 6 is the phase change of the 
reflected signal due to the difference in path length, and -$ is the 
phase change due to the reflection. 

By the law of cosines 

ER " E0* + (DREo)a ' 2E0DRE0 cos ^ (2) 

since 

and 

then 

ß - 180 - (8 - 4») 

cos (ß) - cos (180 - (9 -♦))-- cos (6 - ♦) 

ER - E0 Vl + <DR)a + 2DR cos (6 - ♦) 

therefore, the earth gain factor is equal tot 

(3) 

(4) 

g(e) - Ji - yl 1 +   (DR)a ♦ 2DR cos (6 - ♦) 
C0 

(5) 

This is the predicted gain due to roultipath signals, which in db is 
equal to; 

g(e)db - io log g(e) (6) 
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DIVERGENCE FACTOR 

The divergence factor (D) is the ratio of the spread of a beam 
reflected off a plane surface to the spread of a beam reflected off 
a spherical surface. When a diverging beam is reflected of*  a plane 
surface, the direction of the beam is altered but the rate of 
divergence is left unchanged (figure E2). For example, a direct beam 
and a reflected beam which travel the same distance, as measured along 
the beam's axis, will diverge to the same size. 

This is not true when the reflecting surface is a sphere.  Since 
the angle of incidence is equal to the angle of reflection, a curved 
surface will cause an  increase in the rate of divergence of a reflected 
beam (figure E3). 

Figure  E2   Plane Surface Divergence 

•>a 

Figure   £3   Curved Surface Divergence 
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A complete development of the divergence equations can be found 
in Reed and Russell (reference 5).  The equations are developed based 
on comparing the cross sectional areas of the diverging beams.  The 
ratio of the areas will reduce to (figure E4): 

1 I)  3   1 

" 1 + rd tan 

=- (7) 

2 
T 

When d << r then r, ■ h^/sin ij;; r- ■ hl/sin  ^ and for small grazing 
angles sin ip ■ tan ^ which yields 

rd tan ^ 

The final usable equation is obtained by the approximation 

tan ♦ " rafer^= ?zmq (9) 

and by applying 4/3 earth radius to eliminate the atmospheric refraction 
(r ■ 5280 miles), expressing h in feet, and d in statute miles. This 
reduces the divergence equation to 

r = 
2d d 2 

1 +  i 

dh2 
(10) 

Therefore, this equation can be used, for small grazing angles, 
to predict the approximate reduction in energy of a signal reflected 
off a spherical surface. 

REFLECTION COEFFICIENT 

The derivation of the reflection coefficient (R) is more complex 
than the divergence factor and a thorough discussion will not be 
attempted in this report.  Rather, the basic equations will be 
presented and if a more detailed explanation is required. Reed and 
Russell may be referenced. 

The reflection coefficient (R) is the ratio of the reflected 
ray (E ) to the incident ray (E) and is a complex vector.  It can be 

shown for a vertically polarized ray this ratio is equal to 

Ry«^- s OA" ■*'-?" - — r ^ K>J'":/ en.) 
*   n2 sin ij< + V "^ ' cos2* 

* - w1 sin » - V n2 - cos2»   |R , j^ 
v 
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Figure   E4       Geometry of Two-Path Propagation 
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where t|( is the angle of incidence and n is the index of refraction. 
For a horizontally polarized ra", thin ratio is eoual to 

R« - r: - sin ^ - V £ - cos^  = |RH|e^h (i2) 
"*•  sin 4) + v w2 - cos2^ 

.j* The reflected rav E. can be expressed as E„  =  E.|R|eJ  where n. A. A. 

4> is the angular phase change in the reflected ray.  When $  is positive 
t.   will lead E- and when it is negative E.. will lao E..  By convention 

(J) is normally expressed as the angle of lag even though it may be 
over 180 degrees. 

To complete the evaluation of the reflection coefficient, the 

index of refraction must be calculated.  It can be sliov.n that n2, 
expressed in MKG units, is erual to 

r2  u)e0 
n2 = ^ (13) 

rl 

£_. ■ permittivity of free space 1/(36TT X 109) farad per meter u 

c - = relative permittivity of air = 1 

E 2 = relative permittivity of reflecting surface 

o- = conductivity of reflecting surface MHO - meter/square meter 

w <■ 2Trf angular frequency in radians/second 

Kith G . = 1 and frequency f in MHz, the equation reduces to 
r 

"2 = er2 - j 18 x 10äö2/fHH2 (14) 

5) 
Some typical values for e - an^ a2 ^n ^e U1IF ran9e are (reference 

Material cr; i Hi 
sea water 81 3 to 5 

fresh water 81 10"2 to io-3 

wet earth 5 to 30 10-1 to io-3 

dry earth 2 to 5 10-4 to io-5 
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GEOMETRIC  RELATIONSHIP 

To use the above equations fivn parameters must be calculated 
from the geometric relationships involved in the problem.    These 
parameters are d.,  d-,  h',  6,  and v as  shown in figure E4, with 6  being 
the difference in physical path length of the direct ray r, and 
reflected ray r.. 

Since the earth radius is much greater than d,,  the angle ifi can be 
approximated by 

* " tan'1 vmx[ 'tan'1 5Wöq (15) 

where d. and d, are measured in statute miles and h., h'. Ah,, h«, hi, 
Ah2 are m« 

figure E4 

Ah, are measured in feet with h.? ■ h. - Ah. and h' •» h, - Ah,,  From 

C08 a ■ ka !nnq 

which gives 

ka + Alu ■ ka/cos a 

additionally 

dl 

Using the series approximation for cos a which is 

cos a « 1 - (y^-) + (J^-) * • * * 

and taking the first two terms will give 

JS2_ -  ll« — •  !15 » ka + -i- (16) 
cos a       d. d 2       2ka 

cos (Ka)   I - ««(,A) 

therefore 

dl" ka + ^ - ka + »^ (17) 

and 

dl2 Ahl " Äi (18) 
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Expressing  Ah.   in feet;  d,   in statute miles;  and ka,  using the 4/3 
earth radius  factor to correct for atmospheric refraction,  as  5280 
statute miles the above equation will reduce to the  final  form of  Ah, 
as 

A^ = -i- (19) 

A similar technique will give 

Ah2 = -j- (20) 

To develop the equation  for the  physical path length difference 
the quadrilateral AA.B^B in  figure  E4   is approximated by the 
trapezoid AAjB-B in  figure E5.     The difference  in the  length of the 
direct ray r,   and the reflected ray r«,   in degrees of a wave length 
is given by 

6  = ^■(r2  - rj^) (21) 

where 

X   = wave length of signal 

The length of both rays can be calculated from triangles AB^B and 
A2B2B which gives 

r1 »V d2   +   (h£  - hp2 (22) 

r2 « V d2  +   (h^ + hp2 (23) 

These two equations can be expanded using the binomial expansion 
and since d >> h2 + h^ the higher order terms can be neglected which 
gives 

(h; - h')2 

rl = d +   2d (24) 

(h; * to2 

r2 a d +   2d (25) 

therefore 

2hrh: 
r2 - r, = -^2 (26) 
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Figure   E5 Path Length Difference 
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Which after converting units:  h' and hi  to feet, d in statute miles, 

and f in MHz gives the final working equation 

1.385 x 10"4 hrh;fMH, 
6 -  j- 1 2 MHz degrees (27) 

miles 

The fii al equation required to complete the solution of the multipath 
effect la the relationship between h^ and hi   (figure E4). This can be 
approximated by the following: 

Since 

ka >> • d 

dl sS?J 
d2 «Ep^ 

and angle Yi ^ Yn " 90 degrees; therefore, by similar triangles 

h2  d2 q  a 4 (28) 

SOLUTION OP EQUATIONS 

The solution to these equations, as performed by program MULT 
(appendix C), is started with the calculation of the reflection distance 
d. which is necessary to solve the geometric problem at the given 

distance and height of the aircraft. The technique used is an iterative 
procedure of incrementing d, and solving for h, until h- equals the 

aircraft's altitude.  The following equations are used during the 
determination of d,: 

d2 - d - dj^ 

Al^ - -^- (19) 

Ah2 - -|- (20) 

h. ■ h. — Ah, 

hl d2 h2 - -aj-1 (26) 

h« ■ hj + Ah« 
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When hj best approximates the altitude of the  aircraft the 
final gain is calculated with the  follov.'ing equations: 

-1 
hi 

*"tan   (5i5TOr) (15) 

e = 
1.385  x  10"4   h'h:   f,1IT 1   2     MHz 

(27) 

n2   =  c r2 

j   18  x  103  a. 

MHz 

if the calculation  is  for horizontal  polarization use 

RH = 
sin jj - V n^ - cos^ i^ 

sin ^ + J~n*   - cos^ jT 

if the calculation is for vertical polarization use 

n2   sin di  - V n"  -  cos2   ij; R    = 
n2   sin i|/  + •yn2   -  cos2   ^ 

* = tan   (rW5 
e 

where Im{R} is the imaginary portion of R and R {R} is the real 

portion of R. 

R = |R| 

D = 1 + 
2dld22 

_ i 

g(e)d  = 10 log( ^ 1 + (DR)2 + 2DR(e - *)) 

(14) 

(12) 

(11) 

(10) 

(6) 

These equations can be olved for each range and altitude desired, 
producing a graph of the predicted multipath propagation effect. 
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i 

1 

5 

10 

15 

20 

25 

30 

35 

<.0 

«.5 

50 

ilO 

12C 

130 

I'.C 

150 

16C u 
ISO 
190 
200 in 

aVERLAYUDAISO.O) 
PROGRAM   AO*P(INPUT,OUTPUT.TAPf5»INPUT,TAPE6»aUTPUT,T»FE10»T»PEll» 

I  TAPE12) 
COMfON   TA6(lC0)>SIGNL(iat)i0PANG(100)#A$PANG( 100),TSIG(7201, 

1 ANGAR(720),RANGAA(720),I3ATA(SI.IBCO(7l,KARRAY(20>fYARRAY(20)> 
2 CNT(720)>ATAG>RNG(100),TIN(100l,STln,SPTln,SIG(2J00), 
3 RANGE(2000)»TIMH2000)>MX$IG«nXRNG,lL,RNINS«RNAXS«SDEV(720), 
<.        ASP(720)lnlNSia>nlNRNG 

THIS   IS   AN   ANTENNA   DATA   ANALYSIS   SOFTWARE   PACKAGE, 
OPTIONS   AVAILABLE   TO   THE   USER   ARE: 

A)   PLOT   DATA   ON   POLAR   PLOTS   OR   RANGE   PLOTS 
Bl   MATCH   PERMITTIVITIES  OF   PREOICTEO   OATA   AND 

ACTUAL   FLIGHT   OATA 
C) PREDICT   SIGNAL   GAIN DUE   TO  MULTIPATH  EFFECTS 
D) MERGE   UP   TO   THREE   RADAR   TAPES   TOGETHER 

READ   ADAP   CARD   NO.    1 

R6AD    (5,180)    ITYPE 
IF   (£0F(5).NE.0)   GO   TO   Ibi 
ICK-O 
IF   IITYPE.NE.'.HPLOT)   GO   TO   120 
ICK^l 
WRITE   (6,200) 
CALL   OVERLAY   «6HMPL0TS»1,0) 
GO  TO  150 
IF    (ITYPt.NE.SHMATCH)   GO   TO   130 
ICK«1 
WRITE   (6,210) 
CALL   OVERLAY   (SHMATCHf2,0) 
GO   TO   156 
IF    (ITYPE,N£.*HMULT)   60   TO   UC 
ICK.l 
WRITE   (6.220) 
CALL OVERLAY (*HMULT,3,0) 
GO TO 150 
IF (ITYPE.NE.SHMERGEI GO TO 15G 
ICK«1 
WRITE (6,140) 
CALL OVERLAY ( 7HR0M RGE, <.,0 ) 
IF (ICK.NE.O) GO Tu 160 
WRITE (6.170) ITYPE 
STOP 

FORMAT (1H ,1<.H PROGRAM NAME ,A5,21H IS NOT A LEGAL NAME .//.39H 
1LEGAL NAMES ARE MERGE.PLOT,MATCH, MULT) 
FORMAT (»10) 
FORMAT (31H RADAR MERGE PROGRAM IS CALLED ) 
FORMAT (27H PLOTTING PROGRAM IS CALLED) 
FORMAT (37H MULTIPATH MATCHING PROGRAM IS CALLED) 
FORMAT UOH MULTIPATH PREDICTION PROGRAM IS CALLED ) 
END 

10 
20 
30 
«IO 
5Ü 
60 
70 
80 
«C 

100 
110 
i20 
130 
I'.O 
ISC 
160 
170 
180 
190 
200 
21C 
ait 

in 
250 
260 
270 
260 
a^c 
300 
310 
320 
330 
3*0 
350 
36C 
370 
380 
390 
<.00 
<>10 
«.2C ot 
«.«.c 
<i5C 
<i60 
'.70 
<i80 
«.90 
500 
310 
520 
530- 

1 

5 

10 

15 

20 

25 

30 

35 

<.0 

Cc 
c 
C 
c 
10 

20 

30 

r 

OVERLAY(MPLOT«.l,0) 

THIS  IS  THE   MASTER  PLOT  SUBROUTINE  WHICH INITIALIZES  DATA AND 
CALLS   EITHER   THE   POLAR   PLOT   PROGRAM   PPLOTS   OR   THE   RANGE   VS 
SIGNAL   PLOT   PROGRAM   SPLITS 

PROGRAM  MPLOTS 
COMMON   TAG(100).SIGNL(100).DPANG(100)>ASPANG( 100),TSIG(720), 

1 ANGAR(720),RANGtR(720).IDATA(8),IBCD(7),XAkRAY(20),YARRAY(20), 
2 CNT(720),ATAG,RNG(100).TIM(100),STIM,SPTIM,SIG(2000), 
3 RANGE!2000).TIME(200C),MXSlGfMXRNG,LL>RMINS,RnAXS,SDEV(723), 
i>        ASP(720)>MINSIG,MINRNG 

REAL   MXSIG.MXRNG 
CALL   PLOTS   (DUM,DUH,13) 

If   ITYPE   IS   EQUAL   TO   Pj   THEN   POLAR   PLOTS   WILL   BE   PRODUCED 
IF   ITYPE   IS   EQUAL   TO   S;   THEN   RANGE   VS.   SIGNAL   PLOTS   WILL 

BE   PRODUCED 

LL-1 
REWIND   1 
DO   2C  M» 
TAG(M)*0 
SIGNL(M) 
DPANG(M) 
ASPANGtM 
RNG(M)«0 
TIM(M).0 
CONTINUE 
DO   30  M« 
SOEV(M)« 
A$P(M).( 

8 

2 
1.1C0 
• 0 
•0.0 
• 0.0 
)'0.0 
.0 
.9 

1.720 
o.c 
M-i)*.: 
o.o 
.0 
>o,o 
)-0.0 

1.2000 
.0 
•0.0 
0.0 

TSIG(M)' 
CNT(M)»l 
ANGAR(M) 
RANGAR(M 
CONTINUE 
DO 40 M> 
SIG(M)^0 
RANGE(M) 
TIHE(M)^ 
COMTINUE 

ITYPE.   THE   START   f.ND   STOP   TIK'i  TO   BE   PLOTTED   ARE   READ   IN 

1C 
20 
30 
SC 
SO 
60 
70 
8Ü 
90 

100 
110 

18 
1<.0 
150 
160 
170 
180 
190 

5 200 
a 210 
I 220 
B   230 
d ZhO 
8 250 
8 260 
3 270 
ä 280 
8 290 
a 300 
3 310 
a 320 
a 330 
B   340 
a 330 
d 360 
a 370 
Ö 380 
6 390 
8 HOC 
8 <*^ 
3 '•20 

430 
B   <I<IO 
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*5 

50 

55 

60 

65 

70 

75 

1 

5 

10 

15 

20 

25 

30 

35 

«0 

«5 

50 

55 

60 

50 

k 
80 

«»O 

C 
10 

20 

30 

C 
*0 

AOAt» CARD NP. 3 

READ t5»60l ITtP£,IHRl,NI'<l,ISECi.IHR2,MIN2»ISEC2 
IF (E0F(5).NE.0.0) GO TO 50 

THE SOURCE NUMBER,THE HIN AND HAX SIGNAL AND RANGE: AND 
THE HIS AND MAX VALUE TO 9E USED FOR MlLO POINT CHECK IS 
REAO  IN;      AOAP  CARD NO.  <. 

READ   (5,70)   ATAG,niNSie,nXSIG,*INRN6tnXRNG,RHINS,RNAXS 
WRITE   (6,801   IHR1,NIN1,ISEC1,IHR2,NIN2, ISEC2, ATAG,l1INSIG,nXSIG,NIN 

lRNG,nXR><6,RNINS,RMAXS 
$TIB-IHR1*3600.*«1N1*60.*ISEC1*1. 
SPTI««IHR2»3600.*niN2«60.*IS£C2*l. 
IF   (ITYPE.EO.IH»!   CALL   PPLOTS 
IF   (ITYPE.EO.IHS)   CALL   SPLOTS 
GO   TO   10 
CALL   PLOT   10..0.,999) 
WRITE   (6,90) 
STOP 

fORH*! |*1>3X,3I2,«X,3I2) 
FORMAT . 
FORMAT (1H1,48HIF I TYPE 
11X,58HIF ITYPC - S, THEN RANGE VS. SIGNAL PLOTS WILL 8E PRODUCED,/ 

1IHI START TIME IS,2X,3I2,2X,16HTHE STOP TIME I S,2X,3I2,/,1X 

./. 

2,lX,17Hl 

7ILL NOT BE PLOTTED) 
FORMAT (26H END OF DATA TO BE PLOTTED) 
ENO 

SUBROUTINE   PPLOTS 

POLAR LAR   PLOTS   WILL   BE   PRODUCED:   EFFECTIVE   RADIATED   POWER 
ILL   BE   PLQTtEO   VERSUS   THE   AZIMUTH   ANÖLE   OF   THE   AIRCRAF1 

COMMON   TAG(100)«SIGNL(10C)>DPANG(1CO),ASPANG(100),TSIG(720), 
1      ANGAR(720),RANGAR(72Sl,IOATA(8)>IBCO(7)tXARRAY(20),YARRAY(20) 
?        CNT(720),ATA6,RNG(100I,TIH(100)>STIM,SPTIN,SIG(20001, 
3        RANGE(2000),TIM£(2000),iXSIG,MXRNG,LL,RMlNS,RMAXS,SDEV(720), 
*        ASP(720) 

REAL   MXSICMXRNG 

THe.pEPRESSIQNANGLE 

WHtTHER'OR   NUT   THfi  GRID "ROUTINE 

  «MULE,   SIGNAL   INTERVAL   TO   BE   PLOTTED   IS  REAO   IN. 
OELD   IS   THE   DEPRESSION   ANGLE   INTERVALS    IPLANE   IDENTIFIES 
THE   AIRCRAFT   TO  BE  DRAWN  AT  CENTER   OF   PLOT.   IPAPER   IDENTIFIES 

"5   TO   i£   CALUO   TO  DRAW  THE tfi  TO 
IS   DRA WN  AT   THE POLAR   GRlb;   IBCDIS'A'70  COLUMN   COMMENT   ThAT 

TOP   OF   THE   PLOT 

DIMENSION SG(720),CT(720),AP(720),SD(720) 
TLAST-C. 
WRITE (6,210) 

READ ADAP CARD NO. 5 

REAO (5,230) IBCD 

REAO   ADAP   CARD   NO.   6 

REAO   (5,220)   ANCSINT,DELS, IPLANE,IPAPER 
IF (IPAPER.NE.O) CALL PLOT (0.,5.5,-3) 
ANG1«ANG-DELD 
ANG2*ANG»DELD 
RBUS>(4-(MXSI6/SINT))*SINT 

DATA   IS   REAO  FROM  OUTPUT  FILE  OF   ARPNP 

READ (12) ITA6(I)#SI6NL(I)»OPAN6(I)»ASPAN6(I)»RNG(I),TIM(I),W,80 
1),WDN0 
NW0«W0N0/6 

(E0F(12). 
kST>TIM(NWD) 

DATA IS SUMMED AND STORED FOR EACH DATA CELL 

00 3C J«1,NWD 
IF (STIH.GT.TINU)) GO TO 3C 
F (TIM( J).GT.SPTIM) GO TO <tO 
F (ANG.£0.999.) GO TO 20 
F (DPANC(J).LT.ANG1.ÖR.0PANG(J).6T.AN62) CO TO 30 
F (ATAG.NE.TAGU)) GO TO 30 
F (SIGNL(J).LT.RniNS.0R.SI6NL(J).GT.RMAXS) 60 TO 30 
I>ASPANGU)*2»1.S0 
F (n.GT.720T II-l 
CNT(II)»CNTni)*l 
S1G(II)-TSIG(!I)«SIGNL(J) 
S0EV(II)>SDEV(II)*SIGNL(J)*SI6NL( J) 

IF (i0F(12).NE.0.0) GO TO 190 
TLAJ" 

CONTINUE 
GO TO 10 

B HiO 
B 460 
a *7o 

B 500 
B 

B 540 
6 5$ 
d I 
B 5 . 
B 580 
8 59r 
B 60 
3 61 
B 620 
B 630 
B 640 
8 650 
8 660 
B 670 
B 680 
A 690 
B 700 
[m 
B 730 
8 740 
8   750 

i m 
8   780 

DATA   IS   AVERAGED   AND   THE   STANDARD   DEVIATION   IS   CALCULATED 

DO   50  J'l,720 
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65 

70 

75 

»C 

85 

QO 

"55 

100 

105 

110 

115 

12C 

125 

130 

135 

l'.O 

U5 

150 

155 

160 

50 

60 

70 

80 

«O 

100 

no 

120 

c 
130 

1<IO 
c 

15C 
16C 

170 
180 

190 

IF   (CNT(J).E0.0)    GO   TO   50 
TSIGUi'TSIGUI/CNTU) 
If   (CNT(jy.lT.2)   SD6V(J)«0. 
IF   (CNT(J).LT.2)   GO   TO   SO 
SOEVCJ>'SORT((SDEV(J)-TSIG(J)*TSIG(J)*CNTIJ))/(CNT( J)-l)) 
CONTINUE 
Ll'C 

DATA   CELLS   WITH   NO   DAT*   ARE   THROWN   OUT 

DO   60   J-1.720 
IF   (CNT(J).EQ.O.O)   GO   TO   60 

SG(L1)'TSIG(J) 
CT(L1)"CNT(J) 
AP(L1>'ASP(J) 
$t)(Ll)«SDEVU) 
CaNTINUE 
IF   (L1.LT.200)   GO   TO   70 
Ki»i 
Ki-ZOO 
GO   TO   60 
Kl»1 
K2.L1 

DATA   TO   BE   PLOTTED   IS   PRINTED  ON  LINE   PRINTER 

DO   90   NN«1,4 
WRITE   (6>240)   IBCO.Ll 
WRITE   (6,250)   ANG.DtLO.SINT 

121 
K1«K1*200 
K2«K2+200 
IF   (K2.GE.L1)   GO   TO   100 
IF   (K2.GT.720)   K2-720 
CONTINUE 

IF   IPAPER   NOT   EQUAL   TU   ZcRQ;   POLAR   GRID   IS   DRAWN   BY 
SUBROUTINE   GRID 

IF   (IPAPER.NE.O)    CALL   GRID 
IOATA(1).IOH   AZIflUTH   I 
IDATA(2)«10HS   RELATIVE 
I0ATA(3I»10H   TO   A/C   HE 
IDATA(«)*iOHAOING 
CALL N£WPEN(2) 
CALL SYMBOL (-3 . 5, <.. 8, . 10. I BC D, 0. , 70 1 
YPAGE»<i.0 
CALL NUMBER (.15,YPAGE,.10,NXSIG. 0. ,2 ) 
CALL SYMBOL ( 999. ,999., . 10» <rH OBW,0.,t) 
IF (YPAGE.LE.l.l GO TO 120 
MXSIG»MXSIG-SINT 
YPAGE-YPAGE-1. 
GO TO 110 
CALL   SYMBOL    (-1. 8,-«.. 8, . 10, IDAUt 0 . MO 1 
CALL SYMBOL ( 0. ,0 ., . 10, 3, 0 .,-1) 

C 6^0 

C 660 
C 670 
C 680 
C 69& 
C 700 

C 730 
f 7*0 
C 750 
C 760 
C 770 
C 780 
C 790 
C 800 
C 810 
C 820 
C 830 
C 840 
C 850 
C 860 
C 870 
C 880 
C 890 
C 900 
C 910 
C 920 

,IPLANE,(APU),SG(J),SD(J)fCT( J),J K1,K  C 930 
C 9<)0 

950 
960 
9T0 
98Ö 

4 

C        PLANE IS DRAWN AT CENTER Of PLOT 
C 

r.Ml   PLANE (IPLANE) 
C«LL NEWPENU) 
K*l 
NZERO«0 
00 180 J-1,720 
IF (CNT(J).NE.O) GO TO 130 
NZER0*NZER0*1 

IF 5 DEG ASP WITH NO DATA« PLOT DATA SEGMENT 

IF (NZER0.EQ.10) GO TO 140 
GO TO 170 

DATA IS PACKED INTO THE PLOTTING ARRAYS 

7.4 
RAN6AR(K)«TSIG(J)»R9IAS 
ANGAR(K).-l*«(J-l)*.5-90)/5 
K.K*1 
NZERO-0 
GO TO 170 
IF <K.GE.21 60 TO 150 

V POINT IS PLOTTED WITHOUT CONNECTING LINE 

CALL POLAR (RANGAR#ANGAR»K-l»l»-lr3,0.,SINT) 
GO TO 160 

POINTS ARE PLOTTED WITH 

CALL POLAR (RANGAR,AN6AR,K- 
K»l 
NZ6RO-0 
GO TO 180 
IF (J.EQ.720) 60 TO 140 
CONTINUE 
WRITE (6,2601 LL 
IF (IPAPER.NE.O) CALL PLOT 
If (IPAPER.EQ.O) CALL PLOT 

WRITE (6*270) TLAST 

CONNECTING LINES 

1,1,1.3,0..SINTI 

I J 4.t-5.5,-3) 2.,0.,-3) 

C 
c 
c 
C 990 
C100Ö 
ClOiO 
C1020 
C1030 
C1040 
C105Ü 
C1060 

im 
C1C90 
C1100 

.1130 
C1140 

HJ 
C1170 
C1180 m 
C1210 
C122U 

j 
C1250 
C1260 
C1270 
C1280 
C1290 
Ci300 
C1310 
C1320 
C1330 
C1340 
C1350 
C1360 
C1370 
C1380 
C1390 
C1400 
C1410 
C1420 
C1430 y 
C1460 
C1470 
C1480 lm 
C151Ü 
C1520 
C1530 
C1540 
C1550 
C1560 
C1570 
C1580 
C1595 
C1600 
C1610 
C1620 
C1Ö3Ü 
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DO 200 J*l>720 Clb<iO 
169 IF (CNTtJI.NE.O) GO TO 40 £1650 

200   CONTINUE C1660 

210   FORMAT U3H  ITTPE • P ! POLAR PLOTS WILL SE PROOUCeO ) (1660 
220   FORMAT (3F10.3.2I1) C1690 

I'O 230   FORMAT (8A10) C1700 
2*0   FORMAT <iHl,28X,7AlO./.28X,U,22H POINTS TO BE PLOTTED I     . ilUi 
250   FORMAT (IH , 20X. S'.HPLOTTEO OAT* FOR DEPRFSSION ANGLE ,F10.3.17H PL C1720 

1US   OR MINUS ,F10.3,6H DECS,t/>24H THE SIGNAL INTERVAL IS .fl0.3. C1730 
210H IPLANE • .I1»/.'.(33H   ASP ANG  SIGNAL  STDEV  COUNT ),/.200(1 C17'tO 

179 3X,16F8.2.m 
260       FORMAT   (1X»18HP0LAR   PLOT   NUMBER   »1X,I2,9H   PLOTTED   ) 
270       FORMAT   (<.9H   END   OF   FILE     —TAPE   12     LAST   TIME   PROCESSED   HAS   tF10.3 

HHO £1790- 

9 

10 

20 

30 

REAL   MXRN6»MXSI6«MINSIG>MINRNG 

WRITE'?6,170) 

19 C READ   ADAP   CARD   5 

REA0(9«190)   IBCD 

READ   AOAP   CARD   NO. 

REAp(5>180)   XLENtYLEN 
ST(1)>MINRNG 
Sr(2)-HINSIG 
XINT*(MXRNG-ST(1))/XLEN 
TINT"(HXSIG-ST  
KK-O 

1 SUBROUTINE   PLANE   HTTP) 0     10 
0 20 

10 
HO 

THIS SUBROUTINE DRAWS THE A/C IN THE CENTER OF THE POLAR PLOT. 0 
IF A DIFFERENT VIEW OF THE A/C IS NEEOEQt IT MAY BE ADDED IN 0 
THIS ROUTINE WITH ITYP BEING USED TO IDENTIFY WHICH A/C IS TO 5  SO 
BE DRAWN. 0 60 

DIMENSION XARRAYI20)fVARRAYI20i 0 60 
XARRAY(l)—.9 6 90 
XARRAYm—.1666 0 100 
XARRAY(3)'0.5 0 IlO 
XARRAYm-.1666 0 120 
XARRAY(9>*.S 0 ISO 
XARRAY(6>*.1666 D 1<IO 

19               XARRAY(7)-.0833 0 190 
 '-• 1')•.Q8^i  ' 

.80 
XARRAY(8)*.Ö833 0 160 
XARRAY(9I««.1666 0 170 
XARRAY(IO)—.1666 0 
XARRAY<ll)'-.5633 0 

20 XARRAY(12)*-.0S33 0 . 
X»RRAY(131«-.lö66 0 210 
XARRAYI 
XARRAY« 
XARRAY(l6)>2, 

29 YARRAY(lT«-.l666 0 
YARRAYi2i'0. 0 
YARRAY(3)-.5 0 270 
YARRAY(4)*0. 0 260 
YARRAYi9)*-.1666 0 290 

30 YARRAY 6)—.1666 0 " 

f(13)—.1666 0 210 
Ml*)—.9 0 220 
r<l5)«0.0 0 230 
f(16)-2. P 2*0 

^8 

YARRAY  6 —.1666 0   30 
YARRAY(7)*-.3333 0   31 
YARRAY(8)«-,* D   32 
YARRAYJ9)—.*2 0   3 
YARRAYdO)—.42 0 

39 YARRAY(ll)«-.* g m 
YARRAY   12)—.3333 0 360 
YARRAY(13)'-.1666 0 370 
YAKRAYU*)—.1666 0 380 

0 390 YARRAY(15)«0.0 0 390 
♦0 YARRAYil6)-2. 

CALL LINE (XARRAY>YARRAY>l*>l»OtO) 
RETURN 
END 0 430- 

1                                       SUBROUTINE   SPLOTS E 10 
C E 20 
C                   RANGE   VS.   SIGNAL   (EFFECTIVE   RADIATED   POWER)   PLOTS   ARE   DRAWN t 3Ü 

9                                       COMMON   TAG(100t>SIGNi.(100)fDPANG(100)>ASPANG(100)tTSIG(720>f t 90 
1 ANGAR(720>«RAN6AR(?2Q)>l5ATA(3UIBCQ(7).XARRAY(25).YARRAY(20)» t 60 
2 SNT(72O),ATA6tRN6(10Oj.TIN(i00)»STIN,SPTI».Si6f2OOÖ).,i,,,Äl | 70 
3 RANGET|000)*TINE(2000i»MXSIG>MXRNGiLL.RMf:i*RMAXS>S0EV(72O)> E 80 
*        ASP(720T.MINSIG,NINRNG | 90 

10                                       DIMENSION   ST(2I ? 100 

l la 

29 YINT-(HXSIG-ST(2))/YLEN 
ICM" 
N-0 

C CONTROL   CARDS   ARE   PRINTED 

WRITE   16.200)   XLEN>YLEN>ST(1)>ST(2)>XINT I   310 
C E   320 
C DATA   IS   READ   FROM   OUTPUT   FILES   OF   ARPHP §   330 

39 10 READ   (12)   (TAG(n>SIGNL(I)>0PANG(I)«ASPANG(I)iRNG(II»TIM(I)»I«lt80     i   390 

12S 



«.0 

*5 

95 

SO 

65 

20 

30 

*0 

75 

80 

«5 

90 

• 5 

100 

105 

no 

119 

120 

w» 

110 

its 

I 

90 
100 

110 

120 

D.WDNO 

IF   (EOf(12).NE.0.0)   GO  TO   160 
ft AST«TIM(K) 

OAT*  IS  STORED   IN  THE   ARRAYS   SIG.fUN&E   AND  TINE 

M ilil5UI.ii 
IF   (TinUI.GT. 

.NU))   GO  TO  20 
TlN(JI.GT.SPTin)   GO  TO   30 

IF   (ATAG.NE.TAGU))   GO  TO   20 
IF   (SIGNL(Ji.LT.RNINS.OR.StGNl(J).GT.ftNAXS)   GO TO  20 ■•|*I 
SIG(N><SIGNL(J) 
RANGE(Nl>RNG(J) 
TIMEtN).TIH(J) 
IF   (N.EQ.1998)   GO  TO  30 
CONTINUE 
GO  TO   10 

DATA  LESS  THAN  THE   NINIHUN   SIGNAL   AND  GREATER   THAN  THE   NAXINUrt 
SIGNAL  THAT  WAS   READ   IN   IS   THROWN  OUT 

NN>N 
50  J«1»NN n (J.GT.N)   60   TO   60 
(SIG(J).CE.ST(2>.AND.SIG(J).LE.NXSIG)   GO  TO  SO 

ITE   (6,2101   SIGTj>fRANGE(J)»TIN(J) 
IF 
«R 

KK«N-1 
00   40   KJ«JKfKK 
SIG(KJ).SIG(KJ»1) 
RAr'GE(KJ)«RAN6E(KJ*l) 
CONTINUE 
N«N-l 
CONTINUE 

DATA  TO  BE  PLOTTED   IS  PRINTED 

WRITE   (6,220)   IBCO 
WRITE   (6,230)   N*TSIG(T)fRANGE(I)>I>l>N) 
IF   (1CK.EQ.1.)   60   TO   150 
ICK-l 
XPAGE'XLEN 
CALL   PLOT   (0.,l.,-3) 
CALL  PLOT  (XPA6E»0.f2) 

X-AXIS   IS   DRAWN 

IF   (XPAGE.LE.O.O)   60 TO  83 
CALL   SYMBOL   (XPAGE*C.».1*13,0.*-l) 
XPAGE'XPAGE-.5 
GO   TO   rO 
XPAGE —.15 

X-AXIS  LABELING   IS   DRAWN 

2,.l,m,0.»2) 
VAL'STtl) 
CALL NUMBER (XPAGE* 
VAL«VAL*XINT 
XPAGt«XPA6E».9 
K«XLEN 
00 90 I«l,K 
tF (XPACI.GT.XLEN) GO TO 100 
ALL NUMBER (XPAGE*' 
AL»VAL*XINT 

XPAGE-XPAGE^l.O 

.2*.1*VAL*0.»2) 

cc 

rPAGE*-.6 
I0ATA(1|>10HRANGE   NN 
XPAGE«XLEN/2.-.5 
CALL   SYMBOL   I XPAGE.VPAGE,.15, lOATA.O..101 

ALL   PLOT   (CO.»3) 

Y-AXIS   IS   DRAWN 

CALL  PLOT   (0.*YLEN,?l 
YPAGE-YLEN 
IF   TYPAS|.LE.O.O)   60  TO   120 
CALL   «YHlOL   (0.»Yr 
YPA«PE*YPAGE-.5 
GO  TO   110 
XPAGE —.4 
YPAGE-0.0 

,YPAGE*.1*13*9C.*-1) 

Y-AXIS  LABELING   IS   DRAWN 

(XPAGE*YPA6E».1*VAL*0.*2) ItffMn 
K-YLEN 
VAL«yAl»YINT 
YPAGE>YPA6E«1, 
XPAGE<XPAGE-.l 
DO   130   I-l.K 
IF   lYPAGt.GT.YLEN)   GO   TO  1*0 
CALL  NUMBER   ( XPAGE,YPAGE,.1,VAL.0.,2» 

110 
140 

VAL-VAL»YINT 
YPAGE-YPAGEtl.O 
CONTINUE 
XPAGl>XLEN/2.-6. 

360 

3ao 
390 
*oc 
410 
420 
430 

nt 
460 
*I0 
480 
490 
500 
510 
520 
530 
54G 
550 
560 
570 
5ao 
59C 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 

m 
750 
760 

790 
800 
810 
320 
d30 

g§8 
860 
370 
880 
890 
900 
910 
v18 
940 
950 
960 
970 
980 
990 

100(5 
E 010 
E1020 |8 
£1050 
e 060 
£1070 
£1080 
£1090 
£1100 
£1110 
E .120 
t 130 
£1140 
£1150 
£1160 
E1170 

IP 
£1220 
£1230 
£1240 
£1250 
£1260 
I .270 
£1280 
£290 
I 

E 330 !i!ü 

IM 



175 

(UN6E(N*2).XINf £1<.80 
1IG<N*1)-ST(2) tl<i<>0 

IF   (XPAGE.LT.O)   XPAGE-O. £1360 
rf*6£«YtEN».*0 E1370 
CALL   SYMBOL   ( X^ AGE. Y(»AGE, . 15, IBCO.O ., 70) tUbo 
lOATAtD-lOHSIGNAL   OBW EU90 

140                                       XPAGE —.8 tl<.00 
YPAGE«3.5 EH10 
CALL   SYMBOL   (XPAGE* YPAGE».IS, IDATA>90.>10) El^ZO 

FIRST   POINT   AND  SCALING   DATA   IS  LOADED   INTO   THE   PLOTTING tU'.O 
1<,5                         C                     ARRAYS   FOR   CALL   OF   LINE   ROUTINE   TO  DRAW THE   DATA  CURVE                        miO 

C El-ibO 
ISO       RAN6E(N«1)>ST(1) E1470 

•   KII-XINT 
SI6(N«1)>$T(2) 

ISO                                       SIG(N«2)>YINT E1SO0 

DATA   CURVE   IS   DRAWN £1520 
£1530 

CALL   LINE   (RANGE,SIG,N,1,0,C) E1S40 
195                                      KN-WDNO/6 E15S~ 

N.O ' 
C 
C CHECK   IS   HADE   TQ   SEE   IF   HQRE  TINE   IS   LEFT   IN  THE   TINE   INTERVAL       £1580 
C TO   BE   PLOTTED—IF   SO   CONTROL   15   TRANSFtRREO   BACK   TO   STATENENT E1590 

160                        C                   10  AND   MORE   DATA   IS  READ  FRON  THE  OUTPUT FILE  OF   ARPNP                           £1600 
C £1610 

IF   (TIN(KN).LT.SPTIN)   GO   TO  10 £1620 
WRITE   (6.2<.0)   LL,TLAST £1630 
LL-LL*1 Ll6*0 

165               CALL PLOT {XLEN*6..-l.,-3) ElbSO 
RETURN £1660 

160  WRITE (6,250) TLAST £1670 
STOP £1680 

C £1690 
170         170  FORMAT (5QH IT.PE« Si RANGE VS SIGNAL PLOTS WILL BE PRODUCED )      £1700 

180  FORMAT (8F1Q.3» 

I 

I 

220 
230 

:i550 m 

T (50H ITVPE> Si RANGE VS SIGNAL PLOTS WILL BE PRODUCED )     £1700 
T (8F10.3» £1710 
T (8A10) £1720 
T (26H THE THE X-AXIS LENGTH IS fF10.3.21H THE Y-AXIS LENGTH 

US,F10.3»/,U,22HTt'E STARTING RANGE IS ,fl0.3,2CH THE START SIGNAL 
2 IS,f 10.3,/,1X,2<.H THE X AXIS INTERVAL IS »F10.3) 
FORMAT tlH >40H THE DATA POINT THAT IS OUT OF RANGE IS ,fl0.3,15H 

23§ 
F     * 

1AT   A  RANGE  OF   ,F10.3,1<.H   AT   A  TIME   OF ,fl0.3) 
FORMAT (1H1.20X.8A10I 
FORMAT (1H0,35X,39H RANGE VS, SIGNAL ANTENNA PATTERN PLOT ,/,35X,3 

ISO 19H THE NUMBER OF DATA POINTS TO PLOT ARE »IlOt/,35X,21H THE DATA A 
2RRAYS ARE W/*1X«6( 2X.6HSIGNAL>SX>SHRANGE»2X) »//( ITOUx« 12F10. 3</> 

2SC   FORMAT (13H PLOT NUMBER ,I1C»33H PLOTTED   LAST TIME ON PLOT WAS > 

185         250  POtttAY «IH ,9«HEN0 OF fILE ENCOUNTERED TAfE 12 LAST ftnt  PROCESSED 
1   WAS ,F10.3» 
ESO 

1               SUBROUTINE GRID ( 10 
C f 
C        THIS SUBROUTINE DRAWS A POLAR COORDINATE GRID F 
C F 

5                DIMENSION RA0(2),ANGL(2),I3CD(8) F S 
C F 6 

A CALL IS MADE TO FUNCTION NEWPEN TO DEFINE A NEW PEN FOR         F 70 
USE IN DRAWING A POLAR GRID (THUS A DIFFERENT COLOR NAY F 40 
USED FOR THE GRID) F 90 

10         C f IOC 
CALL NEWPEN (21 F 110 
RADdi'.S F 120 
RA0(2)«4.5 F 130 
AN6L(l)-80./57.4 F 140 

15               ANGL(2)«80./57.4 F ISO 
DEG»10. F 160 

C       RADIALS ARE DRAWN EVERY 10 DEGREES F 180 
20               DO 10 1-1,36 F 200 

CALL POLAR (RAO,ANGL,2,1,0,0.-5.,1.) F 210 
XPAGE-*.6*SiN(90 /57.4-ANGL(1)) F 220 
YPAGE«4.6*C0S(90./S7.4-ANGL(li> F 230 
IF (OEG.GT.180.) XPAGE-XPAGE-.43 F 240 

29 CALL NUMBER ( XPAGE, YPAGE, .10, Of G.0..0) F 2S0 
AN5L(l)-ANGl(l -1Ö./S7.4 F 260 
AN6L(2)>ANGL(1> F 270 
DEG«DlG«10 F 280 

10   CONTINUE F 290 
30 XPAGE«.S F 300 

RQ*.S F 310 
RF».5 F 32£. 
DO 20 I"l»9 F 330 

C F 340 
39 C A CIRCLE IS DRAWN EVERY HALF-INCH F 390 

C F 360 
CALL CIRCL (XPAGE,0.,0.,360.,RO,';F,0.) F 370 
XPAGE-XPA6£*.5 F 360 
R0«RO«.9 F 390 

40 RF*RF*.S F 400 
20 CONTINUE F 410 
C F 420 
C A BORDER IS DRAWN ABOUT THE PLOTS F 430 
C F 440 

49               CALL PLOT (-6.»-S..3) f 4S0 

211 



■ 

CALL   (>LDT   (-6.>9.>2) 
CALL   PLOT   (6..5..2) 
CALL   PLOT   (6.,-5.,2) 
CALL   PLOT   (-6..-5.»2) 

50 CALL   NEWPEN 
RETURN 
END 

<ttO 
<i70 
'iSO 

I 
1                                              0VERLAY(MATCH,2.0) 6 10 

C G 20 
C                  CVERLAY   MATCH  DETERMINES   THE   PERMITTIVITY  WHICH  PRODUCES   THE G 30 
C                        BEST   ELIMINATION   OF   MULTIPATH   SIGNALS G <iO 

5          C G 50 
PROGRAM MATCH G 60 
REAL LASTVR G 70 
COMPLEX REF G 80 
DIMENSION SI6a01),PMULTI131)>IHEADm»CNT(m),ISTR(3l, ISTPO), G 90 

10               1  DSR(80)>OSIG<aO)«DEP(80)>ASP(80>>RNG{80)>TIN(SO)>DIF(101) G 100 
WRITE 16,180) G 110 

10    REWIND 11 G 120 
PERM«1. G 130 
COND'.COl G l<rO 

15                 £NT«1. G 150 
C G 160 
C       READ IN HEADING INFORMATION G 170 
C G 18C 
C        READ AOAP CARD NO. 10 0 190 

20         C G 200 
READ (5,190) IHEAO G 210 
IF (E0F(5).NE.0) GO TO 170 G 220 
WRITE (6,200) 1HEAD G 230 

G 2^0 
25          C        READ IN START TIME(HR,MIN,SEC)#STOP TIME(HR,MIN,SEC),HEIGHT G 250 

C        OF ANTENNA ABOVE REFLECTING SURFACE IN FEET, HEIGHT OF G 260 
C         AIRCRAFT ABOVE ANTENNA IN FEET, FREQUENCY IN MHZ, AND G 270 

SOURCE NUMBER G 280 
G 290 

30          C G 300 
C         READ ADAP CARD NO. 11 G 310 
C G 320 

READ   (5,210)   ISTR,ISTP,HT,ACHT,FREO,ISR G 330 
SRMSR G 340 

35                         C G 350 
C                    CALCULATE  THE   START   AND   STOP   TIMES   IN  TOTAL   SECONDS G 36Ö 
C G 370 

START>ISTR(1)*3600.*ISTR(2)*6C.«ISTR(3) G 380 
ST0P-ISTP(1)*3600.*ISTP(2)*60.*ISTP(3) G 390 

40                WRITE (6,220) ISTR,START,ISTP,STOP,HT,ACHT>FREQ,ISR G <,0C 
DO 20 I'l.lOl G SlO 
CNT(I)«0 G s2C 
SIGHWO G 430 

20    PMULT(I).0. G <,<>0 
«5          C G 450 

C      READ DATA FROM OUTPUT FILE Of ARPMP G 460 
C G 470 
30    READ (11) (DSR(I),DSIG(I)>0EP(I),ASPtI),RNG(I),TIM(I),I>l,8O),ANan  G 480 

IF (fOF(ll).NE.O) 60 TO 140 G 490 
5C                 NUM*ANUM/6. G 500 

C G 510 
C               CHECK   IF   DATA   IS   WITHIN   TINE   INTERVAL   AND   PROPER   SOURCE   NUMBER G 320 
C G 530 

DO 40 I>1,NUM G 54Ö 
55                 IF (TIM(I).LT.START) GO TO 40 G 550 

IF (TIM(I).GE.STOP) GO TO 50 G 560 
IF (SR.NE.DSRUH GO TO 43 G 570 

C G 580 
C        CALCULATE RANGE INDEX TO STORE THE SUM OF THE SIGNALS G 399 

60          C G 600 
U>(RNG(I)-3.8)/.4»l G olO 
IF (II.LT.l.OR.II.GT.lOl) GO TO '0 G 62C 

"I)'SIG(II)*OSIG(I) G 630 
n»CNT(II)*l G 640 

b'.                             <tO    tUNIlNUE G 650 
GO TO 30 G 660 

50    00 60 I»1,1C1 G 670 
C G 680 
C        CALCULATE THE AVERAGE SIGNAL G 690 

70         C G 700 
IF (CNT(n.EO.O) GO TO 60 G 713 
SIG(I)«SIG(I)/CNT(I) G 72Ö 

60    CONTINUE G 73C 
IFIN'O G 740 

79 LASTVR'100000000. G 75C 
C 760 

PERMITTIVITYCPERH) IS FIRST SET TO 1 TO CORRECT RADIAL FOR G 770 
MULTIPATH RADIATION PERM IS    INITIALLY INCREMENTED BY KENT)   G 780 
FOR EACH CORRECTION OF RADIAL UNTIL STANDARD DEVIATION G 790 

80 C        INCREASES.  PERM IS THEN REDUCED BY 1 AND ENT IS SET TO .1 AND   G 800 
PROCESS IS REPEATED TO FIND BEST PERM. G 810 

G 820 
START OF DO LOOP THAT OEURKINEI PERMITTIVITY OF BEST FIT G 830 

G 840 
85                OQ 120 1*1,20 G 850 

DO   70  J>1,101 G 860 
PMULT(J)«0 G 870 

70           OIMJJ'C G 880 
REF*CMPLX(PERM,-CON0»180OO./FREO) G 890 

90                         C G 900 

212 



105 

110 

lao 

I 

160   WRITE (6(29C) 
;70   STOP 

211 

C       CALCULATE HULTIPATH OB GAIN  FOR EACH RAN6E CELL                G 910 
C 6 92" 

DO RC J-l.lül G 93 
IF (SIG(J).EQ.( ) 60 TO 80 G 9«L 

99                                        R*NGE»3.6*J».<. G  95C 
CALL   HULTPTH   ( RANGfc.REF,HT,»CUT,ICKMP,OBGAlNtFRfQ) G   96C 

C 6  970 
C                     IF   ICKHP   Nt      ZERO   OB   GAIN   CANNOT   BE   CALCULATED G   960 

100                                        IF   tICKNP.NE.OI   60   TO   80 6}""' 
PI1ULT(J»«08GAIN 61-, 

SO          CONTINUE G}02 
$UN«0 
SCNT-O m SUBTRACT mjLTIPuTH GAIN FROM SIGNAL 6 0 

GI070 
DO 90 J-X.1C1 . G1080 
IF (SIG(J).EO.O.OR.PNULT(Ji.EQ.O.) 60 TO 90 Glu9Ö 
DIF(J)«SIG(J)-PnULT(J) GllOO 
SCNT-SCNT»! GlIlO 
sun»sun*oiF<J» Gii|0 

90    CONTINUE 6 
c ei- 

ns          C         IF LESS THAN 10 RAN6E CELLS OF DATA — END RUN — & 150 
C G1160 

IF (SCNT.LT.10) GO TO 15C 
AVER«SU«/SCNT 
SUH2>C 

120               DO 100 J'1.101 
IF (DIf(Jl.tQ.O) GO TO 100 G 
SU«2"SUH2*(0IF(J)-AVER»«*2 G 

100   CONTINUE 612 
C G12 

12) C        CALCULATE STANDARD DEVIATION OF CORRECTED DATA 01250 
C 61260 

VAR.SQRT(SUM2/(SCNT-1)» 6X27Ö 
61280 

IF LAST CALCULATION, GO TC PRINT FINAL DATA 61290 
130 C 61300 

IF (IRN.fQ.l) GO TO 130 <'i||§ 
IF VARIANCE IS INCREASING REDUCE PERNITTIVITY 61330 

61340 
119 IF (VAR.GT.LASn'R) GO TO 110 61390 

LASTVR>VAR 6136C 
PERM»PERM»ENT 61370 
60 TO l?0 6}"" 

C 61 
140 C        PERNITTIVITY INCREMENT IS ALREADY .1 SET END INDICATOR &1<IOO 

110        IF   (ENT.E0..1)    IFIN>1 6 

m 
190 

v,il60 
mit 
61190 !|8 
61220 19 

PERM«P£RN-ENT . 6 
IF   «ENT.EQ.l»   ENT".l 61 

1*5 120        CONTINUE GU50 
GO   TO   160 6 m 

480 
(N 
500 

WRITE   (6#2*0) G1510 

C PRINT  FINAL   DATA 6 
C 6 

150 130        WRITE   (6,230)   PERN,COND,REF,AVER,VAR 

8 C 615 
C        PRINT GRAPH OF SIGNAL                                              6153 
C 61940 

199               CALL PRPT (SIG) C1990 
WRITE (6,2501 6\\%% 

C        PRINT GRAPH OF NULTIPATH EFFECT                                 G1580 
C GIS90 

160               CALL PRPT (PNULTI 61600 
WRITE (6,260) 61610 

C 61620 
C        PRINT GRAPH OF CORRECTED SIGNAL 61630 
C 61640 

CALL PRPT (DIF) 61690 
GO TO 10 61660 

140   WRITE (6,27C) TIN(NUN) 61670 
STOP 6 

150   WRITE (6,280) SCNT 6 69( 

IM 
ISC   FORMAT (1H1,/,1HT) G1740 

175 190   FORMAT (1X,SA1C) 61790 
200   FORMAT (1H1,5CX,26HNULTIPATH MATCHING PROGRAM,///.20X,8*10) 61760 
210  FORMAT {2(4X,3l2),JF10,2,nO) 61770 
220   FORMAT (IH ,/,t«H START TINE - ,14.3H HR,I4,4H NIN,I4,4H SECflBH 61780 

1    TOTAL SEC • ,Fi0.0,/,14H STOP TINE  • ,14,3H HR,I4,4H HIN,14,4 61790 
2H SEC>19H       TOTAL SEC > ,F10.0,/,26H ANTENNA HEIGHT « 61800 
3,F1C.3,25H AIRCRAFT ALTITUDE A6L • ,F10.0,16H FREQUENCY    ■ ,F10. 6,810 
43,17H SOURCE NUMBER ■ .13) G1820 
FORMAT (///,2(1H .100(lH*),/),/,lH ,40H BEST FIT MAS FOUND WITH PE G1830 FORMAT (///,2(1H ,100(lH*),/)./,lH ,40H BEST FIT WAS FOUND WITH PE 
1RMITTIVITY ■ ,F10.2,16H CONDUCTIVITY • ,F10.3,/.14H    CALCULATED, 

185 216H REFLECTIVITY • , 2F10.2.IHJ,/,IM ,17H AVERAGE SIGNAL* ,F10.3,24  61890 
3H   STANDARD DEVIATION ■ ,F10.3,//'»IllH ,100(IH»),/)) 61860 
FORMAT ilHl,40X,43H PLOT OF SI6NAL DATA USED FOR CURVE FITTING,///  G197C 

6 

,9X,3HD8wr 6 J 
-ORNAT (1H1,40X,38H PLOT OF BEST FITTING NULTIPATH EFFtCT,///,9X,2  611 

190 1HDB) 61900 

240  FORMAT (1H1,40X,43H PLOT OF SI6NAL DATA USED FOR CURVE FITTING,///  6} 
1,9X,3H0BW) 

290   FORMAT (1H1,40X,38H PLOT OF BEST FITTING NULTIPATH EFFtCT,///,9X,2  6l89 

Hi 

m 
m 

09C 

II5 76 



1*5 

260       FORMAT  IlHl,4*X.aSHPL0T Of   HULTIfATH CORKECTED  SIGNAL  t/»30Xt59H   (     61910 
1   FOR   A FERFECT  FIT THIS  CURVE   SHOULD  BE   A  CONSTANT OBM     \,fl,it,iH    61920 

118 .BBHIIäMÜ1«« ?M8:U&NJiTa£lEASFhHT«H?SS5Ä8 tiÜWtW e l^f 
■970 
980- 

290 
^ lURVE  > 6196' 

FORMAT (1H ,49HBEST FIT STILL NOT FOUND FOR PERMITTIVITY 1 TO 20)   6197 

1 

5 

10 

1» 

20 

2» 

30 

39 

*0 

♦ 5 

50 

55 

65 

30 

40 

I 
C 

50 

60 

70 

1° 
100 

II! 

SUBROUTINE MPT (SIG) 

THIS SUBROUTINE CREATES A PRINTER PLOT OF THE ARRAY SIG 

DIMENSION SIG(101)>MTRX(61>101)*PR(13)>RNU1)>RRN(101) 

PR(Il«PRn-i)*2.5 
0 20 1-1*61 DO 

H HI 
LOOP WHICH SETS THE POINTS TO BE PLOTTED 

TO 30 1° ?5I6(l{i?0.0.) 60 

tr ifi,ST.6ii li«6i 

WRITE (6,80) 
L«62 

LOOP TO PRINT ARRAY 

DO 40 I*l*12 

?RITE (6(90) PR(l'.-n»(MTRX(L»K»,K.l,101l 

s 
IL.. CONl 

6(90) 
0 *C J>I#4 

WRITE (6*100) (NTRX(L*K),K* 1,101) 
-«TIMUE 

PRINT LAST LINE OF ARRAY 

WRITE (6.90) PR(l)#(HTRX(l*K)fK>l*101) 

SET VALUES OF RANGE TO BE PRINTED 

RN(l)-4. 
DO   50   W.ll 
RN(lT-RNTt-lU«. 

ill i!:!»! Hi! w™ m 

DO   60   I«2,101 
RRN(I)>RRN(I-1)«.« 
Mai 
JJ-1 

WRITE THE ARRAYS USED FOR PRINTER PLOT 

WRITE (6*ii0) (SIG(J),RRN(J)*J>JJ*KK) 
KK«KKt5 

IF'CKK.GT.101) KK'101 
CONTINUE 

FORMAT (9X*10(9(1H-),1H0.1H-) 
FORMAT (2X*F5.1*2H ♦,101*1,1H* 
FORMAT (BX*1H1,101A 
FORMAT (lX,ll(7X,f3 
FORMAT (1H ,l6Fl6.2 
FORMAT (1H1,S(20HSI 
END 

-),1H0.1H-) 
♦ ,101*1,1H*) 

*1,1H1) 
3.0T*/,60X,9H 9HRANGE  NH) 

GNAL  09  RANGE NM)) 

220 

m 

H 6ÖC 

1 

5 

10 

H 

SUBROUTINE NULTPTH (RNGE*REF*H1*ALTAC*ICKHP,0BGAIN,FRE0) 

SUBROUTINE TO CALCULATE MULTIPATH EFFECTS FOR NATCH 
REf AFFTC TD-75-3 

COMPLEX NN,RR,RT,REF 
ICKMP«0 
NN-REF 
TALT-ALTAC 

POL • 1 FOR VERTICAL AND POL • 0 FOR HORIZONTAL POLARIZATION 
VERTICAL IS ALWAYS USED FOR THIS PROGRAM 

RANGE-1.1WRNGE 

CALCULATE DIST1 AND H2PRI 

1  IB 
i ^ 
I  50 

1 678 
I 80 
I  90 

h8 
I 140 
1 150 
I 160 



■SHI i 

20 

25 

30 

35 

*0 

*5 

50 

55 

60 

1 

5 

10 

15 

20 

25 

30 

35 

40 

1 

5 

10 

*0 
50 

10 
20 

30 
*0 

50 n 

CALL   DIST   (RANGE.Hl.TALT.OISTlfICK«P,H2PRI) 
IF   (ICKNP.£0.1.0)   GO   TO  40 
A»G2«H1/(5280.0»OIST1) 

FIND  ANGLE  OF   INCID/REFLEC 

SI>(*TAN(*RG2l) 

IF   ANGLE  OF   REFLECTION   GT   .2  RADIAN   00  NOT   CALCULATE   GAIN 

IF   (SI.GT..2)   GO  TO   50 
RT»CS0RTtMN-CQS«SI)**2) 

FIND REFLEC CGEF AND ANGLE 

IF (1.C-P0L1 K,10,20 
RR>(NN*$IN(SI> -RT)/(NN*SIN(SI)»RT) 
GO TO 30 
RR<(SIN(SII-RT)/(SIN(SI)+RT) 

DIVERGENCE   IS   CALCULATED 

D>S0RT(1.9«((2.0*DIST1)*(RANGE-DIST1I**2)/(RANGE*H2PRI>) 

REFLECTION COEFFICIENT IS CALCULATED 

RNAG-SORT(REAL(RR»**2*AIMAG(RRI**2> 
PHI*ATAN2(AINAG(RR>»REAL(RRII 
DIV>1.0/D 

CALCULATE THETA 

H3»Hl-DISTl»*2/2.0 
THETA.J0.OOO1385*H3»H 
ANGLE3-THETA-PHI 

2PRI*FRE0»/57.3/RANGE 

DB GAIN IS CALCULATED 

GAIN>1.0*(DIV*RnAG)**2*2.3*0IV*RHAG*CQS(ANGLE3) 
DBGAIN*10*ALOG10(GAIN) 
RETURN 
ICK«P»1 
END 

SUBROUTINE DIST ( RANGE,H1,TAL T,OI SU, ICKI1P,H2PR I) 

SUBROUTINE TO CALCULATE DIST1 AND H2PRI 

0IST1*C.0 

DH IS LINE OF SIGHT RANGE 

0H>1.414*(SORT (HI)«SORT(TALT)) 
IF (DH.IT.RANGE) GO TO 70 
00 10 WtZOO 
OISTl.C.ltDISTl 

DIST1 IS THE DISTANCE FROM ANTENNA TO REFLECTIVE SURFACE 

IF (DISTl.GT.RANGE) GO TO 70 
H2PRI.H1*(RANGE-0IST1)/DIST1 
H2SEC«((RANGE-8ISTl>**2)/2.0 
H2TOT«H2PRI«H2SEC 
IF (TALT.GE.H2T0T) GO TO 20 
CONTINUE 

DISTl-O.Ol+DIJTl 
H2PRI«H1*(RANGE-0ISTI)/DIST 
H2S£C«((RANG£-DISTll»»2)/?. 
H2TOT»H2PRI»H2SEC 
IF (T»lT.GE.H2f0T) GO TO 40 
CONTINUE 

DISTI-0.001*DIST1  . 
H2PRI.Hl»(RANGE-5lSTl)/DIST 
H2S£C»((RANGE-DI5Tl)**2)/2. 
H2TOT»H2PRI»H2SEC 
IF   (TALT.GE.H2I0T) GO   TO   60 
CONTINUE 
RETURN 
1CKHP.1.0 
END 

0VERLAY(I1ULT»3>0I 

OVERLAY   NULT   PREDICTS   THE   HULTIPATH  EFFECTS  ON   THE   DATA 

A  PRINTER   PLOT   OF   THE   GAIN   VS.   RANGE   IS   PRINTED   ALONG  WITH 
THE  CORRESPONDING  DATA  FOR   EACH CELL.   RFF   AFFTC   TD-75-3 

PROGRAM  NULT 

I i^J 
I 200 

210 
220 
230 m 
260 
270 

I 260 
290 
300 
310 
320 
330 
3<iü 
350 m 
38C 
390 

I <i0u 
I 410 
I 420 
I 430 
I 440 
I 450 
I 460 
I 470 

ONPLEX NN»RR,RT 
INENSION AMTRK(100),I1TRX(50.100) 
IHENSION l(nTRl((ll)fALT(B),RNG(100),EL» NG(100)»REF0(100),OB(100) 

480 
490 
500 
510 
320 
530 1 m 
560 
570 
580 
^90 
ÖOC 
610 

10 
20 
30 

tl 
fo 
80 
90 

140 
150 

M 
ISO 
190 
200 

230 
240 
250 
260 
270 
280 
290 

M 
320 m 
3 50 

^8 
3 80 
390 
400- 

K 10 
K 20 

K 
30 
40 

K 50 
K 
K % 
< 
K IS 
K 100 
K 110 



15 

20 

25 

30 

35 

*0 

*5 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

no 

10 

c 
c 
c 
(.0 
50 

60 

70 

80 

PRINT FORMAT WILL BE 8 LINES PER INCH 

WRITE (6,120) 

THE ALTITUDES ARE READ IN 

ALT 

EQ.O) 60 TO 10 

ADAP CARD NO. 8 

READ (5*1*0) 
DO 5 I'lfS 
If(ALT(f). 
NALT'I 
CONTINUE 

THE BEGINNING RANGE AND END RANGE» ANTENNA HEIGHT IN f 
THE FREQUENCY IN PHZ, POLARIZATION, PERMITTIVITY, AND 

EET, 

CONDUCTIVITY ARE READ 

READ ADAP CARD NO. 9 

IN 

READ (5,150) RAN6E1,RANGE2,H1,FREQ,P0L»E,S 
IF (EOF(5).NE.O.) GO TO 110 
XX«0.0 
VY'O.O 
ADD«(RANGE2-RANGE1)/10.0 

LOAD THE RANGE ARRAY FOR PLOTTING ON THE X-AXIS OF THE POINTER 
PLOT 

DO 20 KK«1,11 
XMTRX(KK)-RANGE1*XX 
XX>XX*ADD 

FIND INDEX OF REFRACTION   

NN>CNPLX(Ef-S*18000./' REQ) 

PRODUCE PLOT AND PrINT DATA FOR EACH ALTITUDE 

DO 100 I'l.NALT 
DNIN'1000. 
DMAX'O. 
RANGE-RANGE1 
RANGE*1.1*9*RANGE 
TALT'ALTlI) 
00 80 JJ-1,100 

FIND CORRECT OIST 1 

CALL DOIST (RANGE,HI,TACT,OISTl,CHECK,H2PRI,0NIN,D1*X) 
RMG«JJ)»RANGE/l.l*9 
tLANG(JJ)»ATAH((ALT(I)-Hl)/(RANGE*5280.))»57.'i 
REFD(JJ)»DISTl/i.l*9 
IF (CHECK.EQ.1.0) GO TO 60 
ARG2>H1/(S280.0*OIST1) 

FIND ANGLE OF INCID/REFLEC 

SI»lATA1«<Aft«f)1 
RT>CS0RT(NN-C0S(SI)**2I 

FIND REFLEC COEF AND ANGLE 

(1.0-POL) 30,iO,itO 

REFLEC COEF FOR VERTICAL POL 

IF 

RR>(NN*SIN(SI)-PT)/(NN*SIN(SI)«RT) 
GO   TO   " SO 

REFLEC   COEF FOR   HORIZONTAL   POL 

RR-(SIN(Sn-RTI/(SIN(SH*RT) 
0* SORT (1.0*((2.0*01 ST1)*IRANGE-DIST1)**2)/(RAI«GE*H2PR ID 
RMAG-S0RT(RtAL(RR)**2*AIMAG(RR)*«2) 
PHI>ATAN2(AIMAG(RR),REAL(RR)) 
IF   (SI.GT..2)   00  TO  60 
DIV>1.0/0 

CALCULATE   THETA 

H3«Hl-DISTl**2/2.0 
THETA-tO.0001385 
AN6LE3-THETA-PHI 
THETÄ-(O.OÖ01385*H3*H2PRI*FREC)/57.3/RANÜE 

"   «THETA- 

CALCULATE   GAIN  DUE 
AMTRX   FOR   PLOTTING 

TO   MULTIPATH   EFFECTS   AND  LOAD   IN   THE   ARRAY 
950 
960 

GAIN«l.O»(0iy*RnAG)**2*2.O*0IV*RMAG*CaS(ANGLE3) 
0 96AIN«10*ALOG10(GAINT 
0B(JJ)*0BGArr« 
AMTRX(JJ)>i AIN 
GO TO 70 
AMTRX<JJ)«0 
OB(JJ)-Ö. 
CaNTINUE 
RANGE«RAN6E*(RANG£2-RAN6E1)»1.1*9/100 
CONTINUE 

CALL PLOTTING ROUTINE THAT PRODUCES THE PRINTER PLOT 



115 

120 

125 

130 

135 

ISO 

"JO 
100 

110 

120 

\n 
m 
170 

180 
190 

PLOT IANTR)(»NTRX,XI1TRX,TALT) 
«0»   R*NGEl>iUNGE2>Hl,FREQ,P0L«E,S 
IN/1.1<)9 
AX/1.1^9 
70l NN.DHIN.OMAX 
SO 
>1>10 

CALL GN 
PRINT I 
DMIN«OM 
DMAX-OM 
PRINT 1 
PRINT 1 
DO 90 n 
KlaltlO 
K2.K1*9 
PRINT 1 

IREFDILl 
CONTINUE 
CONTINUE 
GO TO 10 
STOP 

FORMAT tlHT) 
FORMAT (12) 
FORMAT (l5(F10.3)) 
ORMAT i7F10.3.I2) 

1) 

90>    (RNG(K),K«Kl.K2)>(0B(JJ),JJ>Kl>K2),(ELANä(J),J>Kl,K2)>( 
«L"K1,K2) 

FORMAT    i7F10.3.IZ) 
FORMAT (1X>/>1X>20H0ISTANCE INTERVAL N1, <tX, laHANTfcNNA HEIGHT H..5 

iX.13HFREQUENCY MHZ» 2X, 13HPQL< 0»H, 1»V )»2X, 12HPERMITTH/I TY.2X» 12HC0 
2NDUCTIVtTY»/»lX,F6.0>lX>2HT0flX»F6.0»13XrFS.l>15X>Fd.2,5X>F8.2>12X 
3.F6.2.<.X,F7.S) 

FORMAT (IXf/f3X»38HCALCULATED INDEX OF REFRACTION SaUAREO^XfoOHO I 
1STANCE FR. ANTENNA TO REFLECTION PT. NN. MINIMUM MAXIMUM.1,13X«F 
2).<>>lX>lH>lXiF9.4>lX>lHJ»52X>F8.2,:x>F8.2) 

lORMAT   (IHl.lOFlO.t) 
FORMAT   (1H   »18HRANGE    (NM) ,: .   il • 2 , / . 1X,18HG41N   (DB) 

1      >10F11.2#/>1X,18HELEV.   AMG   (DEGI >lOFll.Z./.lX,ISHREF.   DIST.    ( 
2NM   )      ,10F11.2./) 
END 

Kiizo 
K113Ü 
Kll^O 
<1150 
KUbC 
K1170 
^1180 
KX190 
K1200 
K1210 
«1220 tm 
<1250 
K1260 
M270 
K1260 
K1290 
M300 
M31C 
K1J20 

mil 
K1350 
K13t0 

K13Ö0 
K1390 
Ki<iCO 

Kl^O 
Kl«.30- 

1 

5 

10 

15 

20 

25 

30 

35 

«.C 

18 

30 
♦ 0 

50 
60 

TO 

SUBROUTINE OOIST (RANGE,H;, TALV.OIST1.CHECK,H2PRl,0MIN.DMAX) 

SUBROUTINE TO CALCULATE OISTl AND HZPRI 

CH£CK»C.O 
DIST1«C.0 

OH IS LINE OF SIGHT RANGE 

DH = 1. <,!<,»( SORT ( HI )*SaRT(TALT) ) 
IF fDH.LT.RANGE! GO TO 70 
DO 10 1.1,200 

OISTl IS THE DISTANCE FROM THE ANTENNA TO THE REFLECTING SURFACE 

OISTl 
IF (D 
HZPRI 
H2SEC 
HZTDT 
IF (T 
CONII 
OISTl 
DO :io 
DISVl 
HZPFI 
H2SEC 
H2T0T 
IF (T 
CONTI 
OISTl 
DO 50 
DISTl 
HZPRr 
HZSEC 
H2T01 
IF (T 
CONTI 
CONII 
OMIN» 
DNAX. 
RETUR 
CHECK 
END 

•C.1»0IST1 
IST1.GT.RANGE) 
«hl*(RANGe-DIS 
«((RANGE-0IST1 
•H2PRI*HZSEC 
ALT.GE.HZTOT) 
NUE 
•0I5T1-.1 

•o!oi+öIsTi 
»H1*(RANGE-DIS 
•((RANGE-DIST1 

SEC 

GO TQ 70 
T1)/DIST1 
)»»Z)/Z.0 

GO   TO   20 

TD/DISTl 
)**2)/2.0 

»H2PRUHZ 
ALT.GE.HZTOT)   GO   TO   40 
NUE 
•0ISTI-.01 
I'l,100 
0.001+DISTl 
Hl*(RANG£-5lSTl)/0ISTl 
((RANGE-DISTl)*»2)/2.0 

•H2PRI»H2SEC 
ALT.GE.H:TOT) 
NUE 
NUt 
AMINltOMIN,DIS 
AMAX1(DMAX,DIS 

•1.0 

GO TO 60 

Tl) 
Tl) 

10 
20 
30 
SO 
50 
60 
70 
80 

100 
no izo 
m 
ISO 
160 
III 
m 
m m 
250 
260 
270 
280 
290 
300 
31C 

m 3'.0 
35C 
360 
370 
380 
390 
soo 
«.10 
'•20 
«.30 
•.40- 

1 

5 

10 

15 10 

SUBROLiTINE GNPLQT ( AMTRX, MTRX,XMTR X, TALT ) 

SUBROUTINE TO PRINT A PLOT OF THE GAIN DUE TO NULTIPATH EFFECT 
VS. THE RANGE 

INTEGER A(5) 
DIMENSION AMTRX(100),MTRX(50,100),XnTRX(ll) 
Al-7.0 
A2>6.0 
A3»<>.8 
AS*3.0 
A5«0. 
DO 10 1-1,5 
A( I)«I 
CONTINUE 
LL-iO»Ll-10 
IF (LL.EO.O) LL'l 
00 20 M-1,50 

10 
20 
30 
SO 

l0o 
70 
80 
90 

100 
110 

ij 
ISC 

m 
170 
180 

2« 



20 

29 

30 

35 

40 

45 

50 

30 

40 

00 20 N>lfl00 

cH5mrl0M 

LOAD THE PLOTTING ARRAY 

190 

DO 30 J-1,100 
If (*nTRX(J).GT.50.0l ANTR 
I-(5C.C*A«TRXTJ5/5.0I*.5 
If (I.EQ.O.) 60 TO 30 
NTRX(I.J)>1H. 

xtai-so.o 

CONTINGE 
PRINT 50. TALT 
DO 40 1-1.50 
K.51-I 
IF (K.NE.5O.AND.K.NE.4Q.AN0.K.NE.30.AN0.K.NE.20.AN0.K.NE.1OI 

I 70. (MTRXTK,JI,J«1.100) 
H«K/10   
f   (K.eo.50.) PRINT 60» A(H)»(NTRX()UJIfJ»1«100),A1 

A njt NTRXU.JI.J* ,*lQ5j>A2 
A(ni.(nTRx(K,j|,j. ,iö5l,A3 
A(N),(NTRX«K.J»,J« .100).A4 
A(H).(NTRXtK,J),J«l,100)»A5 

PRINT 
F IK.EQ.4Ö.) PRINT 
F IK.EQ.30.1 PRINT 
F {K.E0.20.) PRINT 
F (K.EO.IO.) PRINT 
QNTINUE 

PRINT e 
PRINT <»t 
RETURN 

>,   XHTRX 

FORNATCIHI.SOX.SIHPOUER  CAIN  PLOT   AT   ALTITUDE  OF   ./.60X,F10.3.   10H 
1     FT.   AGL..//.3X.X0HPÖWER  GAIN, U0X,6H0B6AIN./,17X. 1H1, lOllH», 9UH 
J-i>»lH«) 
FORNA 
FQRHA 
FORNA 
FORMAT 
END 

T   (1H  .10X,Il,5X,lH*,100Al,lH*.3X,F3.l) 
T   ax,16X,lHl,100Al.lHlT 
T IIX, 10X, 1H0, JX, 1H1, 10« 1H». <»( 1H-) i • I««» 
T a2X,Il{5x,F$.lT,/,63X,8HRAN6E NH) 

1 

5 

10 

15 

20 

25 

10 

20 

0VERLAY(RDHER6E,4,0) 

OVERLAY THAT MERGES UP TO THREE RADAR TAP« TOGETHEH 

PROGRAN RDNERCE 
DIMENSION I2(2)>T2(2)iT4(6) 

READ   ADAP  CARD  NO.   2 

READ   (9,50)   NUM 
«RITE   (6,60)   NUM   
NM-ll 
DO  40   I«l* 0  40   I«l,HUM 

EAD   (NNI   I1,T1,I2,T2,I3.T4 
F   (EOF(NN)T   30,20 
F   (Il.NE.lOl)   GO  TO   10 
RITE   (10)   II,T1,I2.T2,I3,T4 msm* 

60  TO   10 
NN«NN*1 
CONTINUE 

tW <6•70, IHR,ININ 

50 FORMAT   (HO) 
60 FORMAT   (1H   ,I3.29H     RADAR   TAPES  MILL   8E   MERGE»  ) 
70 FORMAT   124H       LAST  TIME  MERGED  WAS   ,I4,3H  HR,I4, 

END 
4H  HIN) 

N log 

IIS 

N  290- 

m 



APPENDIX G 

ADAP SOURCE LIFTING 

239 



■ 

1 

5 

10 

15 

20 

25 

30 

35 

♦ 5 

55 

65 

70 

75 

90 

«5 

90 

95 

100 

10 

20 

13C 

C 
1*0 

150 

160 

170 

180 

PROGRAM ARPMP (INPUT,OUTPUT, TAPES-INPUT. T*P£6-OUTfUT»TAPEiO»UPEU, 
1TAPC12I 

THIS PROGRAM CALCULATES A/C ANTENNA RADIATION PATTERNS (IN ERP OBU 

COMPLEX REF 

OAVR'O^O 
ROSTT-0.0 

REUIND 10 
REWIND 11 
HOMaO 
WRITE   (6,290) 
***************************T*****••••*••«*******•«•••**«•********• 

READ INPUT CARDS   »»♦♦»♦♦»»♦•♦»»»♦•♦«»♦»♦»♦«♦••»♦»♦♦»♦» 

READ HEADING RECORD (ARPMP CARD • II 

READ (5.420) IHEAO 
WRITE (6,4201 IHEAD 

READ ARPNP CARD • 2 

READ   (5,300)   IRAOAR,IPCAL,IMULT.NTYPP.NUMSR.ISTOAT.NUMRNG«ALTAC 
WRITE   (6,3101   NTVM,NUnSR,iRADAR,NUNRNG.ALTAC>IPCAL»ISTOAT,IMULT 

RtAD   ARPNP   CARD   •   3 

READ   (5,320)   (FREO( I).SL0SS (I )(RGAIN( I). I-LNUNSRI 
WRITE   (6.330)    < I, FREO ( 1) ,SLUSS( I). KG* IN ( I» , (• 1, NUMSR i 
IF   (IHULT.NE.IHY)   GO   TO  120 

IF   MULTIPATri   OPTION  USED  —READ  ARPNP   CARD   I   4 

READ   (5,320)   (ANTHT(I).PERNIIUCONDM)»I-1,NUNSKI 
DO 110 1-1.NUMSR 

CALCULATES REFLECTIVITY 

REF(I)'CNPLX(PERN(I)»- 
WRITE (6.3- 
IF (IRADAR 

PLX(PERN(I)>-CON0(I)*16O00./F 
340) ( I,ANTHT(n,PERM(n,COND 
R.NE.1HN) CO TO 140 

Nomnsooo./FRtom» 
~(II,REF(I).I-1.NUNSR) 

IF NO RADAR TAPE — READ RANGE AND CORRESPONDING TINES, ARPNP 
CARD I 5 

READ (5.350) (RDRNGa.I).IDATA(6*(I-l)»l).IDATA(6*(I-l)«2).IDATA(6 
1»(I-1)*3),I0ATA(6»(I-1J*4|.I0ATA(6*(I-1)*5).IDATA(6*(I-11»6).I»1.N 
2UNRNG) 

CALCULATES TOTAL SEC OF RANGE TINES 

DO 130 I«1,NUMRNG 
RDRN6(2.n>I0ATA(6*(I-l)*l)«3600.«I0ATA( 6*11-1)*2)»60.»I0ATA(6*(I- 

RDRNG(3. II■IDATAI6*(I-l)«4)•3600.*IDATA(6*(I-m5)*60.»IDATA(6*(I- 
Xl)♦ft) 
WRITE (6.360) (IDATA(6*(l-l)♦!).I0ATA(6*{ I-l)*2),IDATA(6*(I-1)♦3), 
lIDAtA(6*II-i)*4).IDAf A(6*(t-llO).lDATA(6MI-lT*6).t«l.NUHRN6) 

CALCULATES LOSSES TO BE USED IN ERP CALCULATION 

DO 150 I«l.NUMSR 
DEL0B(I)>Ha$S(II-RGAIN(I|4'3T.8«20*AL061O(FREO(II) 
CONTINUE 
DO 160 I«l.NUMSR 
IDATAG(I)'0 

READ IN THE HEADING RECORD ON SIGNAL TAPE  ♦♦•♦*♦»*♦♦♦♦•»»*•»♦ 
»♦»»»»♦»♦♦♦♦♦»♦♦♦♦»♦♦»♦♦♦♦»«*«♦♦♦»»»♦♦»♦♦»*»»»♦♦♦•»♦♦•»♦»♦»♦♦»»«»♦ 

N (10.1) (IDATA(1),I0ATA(1)I 

IK-II 
~I>IWRD(1) 

I>AND(SHIFT(II.-13)>7B) 

BUFFER IN (10.1) (lOATAd 
IF (UNITdOn 180.250.18C 
CONTINUE 
I 

i 
IF   II   EQUALS   4  —  HEADING  RFCORJ   FOUND 

IF   (II.E0.4)   60  TO 190 

IF   HEADING   RECORD   NOT   FOUND   BY  SECOND   TRY   —  END  RUN 

IF   (ICK.EQ.l)   GO  TO  270 
lCK»l 
REWIND   10 
60   TO   170 ****************************************************************** 

READ   IN   THE   TINE   CALIBRATION  RECORD     ••••••♦•♦•»♦»•♦♦♦♦•♦•♦♦♦♦ 

2(1 



190 

200 

II    UDAUm» lOATAdZI) 
20O>2)0,200 

105 

no 

115 

120 

125 

no 

135 

1*0 

1*5 

150 

155 

160 

165 

170 

175 

180 

195 

21C 

22C 
C 
c 
c 
210 

c 
c 
c 
2*C 

250 

260 

2 70 

2 80 

285 

r 
2 90 

310 

320 
330 

3«.0 

350 
360 
37C 
38C 
39C 

in 
<i20 
'.30 

SET  TIME  UG 

BUFFER   IN   (10 
IF    (UNimOM 
CONTINUE 
II'IWftDtl) 
IK.II 
n.tM0(SHlFT(ll.-I3)f 781 

IF   11   EQUALS   6--  TINE   CAL   RfcCORO   FOUND 

IF   (II.NE.6)   GO   TCI   260 
ITTAG*IWR0(<i3t 
WRITE   (6.370) 
00   220   I'WNUnSR 
• **t******************M*******M*M***************** ****** ****••* 

READ   DATA   CAL   RECORD   FOR   EACH  SOURCE        *»♦♦*****♦♦♦♦*♦*•*♦**•♦♦ ****************************************************************** 
BUFFER   IN   (10,11    IIDATA(1),I0ATA(12)) 
IF    (UNITUOIJ   21O.250»2I0 
CONTINUE 
IK«IURD(1I 
KK-I 
Il-IK 
II«AND(SHtFT(II.-13l.7BI 

IF    II   EQUALS   6   SET   DATA   TAG 

IF   (II.NE.6l    GO   TO   280 
I0ATAG(IfIHRO(*3l 

CONVERT   80   EBCDIC   CHARACTERS   TO   CDC   CODE 

CALL   IOFUN   (ICHR) 
WRITE   (6r38C)    I,ICHR 
CONTINUE ***************************************************************** 

CALL   SUBRDUTINE   CAL   TO  CREATE   SIGNAL   CALIBRATION  ARRAY  ******* 
»********{********************»****«**•**«***********************• 
CALL   CAL   (IPCAL) 
REWIND   10 
NUfO^O 
DAYS'O 
00   2*0   II«1»NTYPP *******>*********•*«*******************************•************** 

CALL SUBROUTINE PEADO TO START PROCESSING DATA   ************ 
*******»******»***********»*>************************************* 
CALL READO 
CONTl IINUE 
END FILE 12 
REWIND 10 
REWIND 11 
REWIND 12 
STOP 
WRITE(6,*30) 
STOP 
WRITE (6,390) 
STOP 
WRITE (6,*0C) 
STOP 
WRITE (6>*10l KK.IK 
CALL SETTIME 
00 285 J-I.NUNS« 
I0ATA6(J).l 
GO TO 230 

FORNAI 
FORMAT 
FORMAT 

1H ,22H 
2RANGES 
3.13H S 
FORHAT 
FORMAT 
1STEM 
FORMAT 

ITTIVIT 
2EFLECT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
1RECOR0 
END 

(1H1 
(3A1 
(1H0 

NUMHE 
* t' TART 
(6F1 
(1H 

LOSSE 
(15H 

V 
IVITY 
(*(F 
(I9H 
(1H0 
(1H 
(IK, 
(IX. 
(1H 
(8A1 

(" EM 
FOUN 

,35X,*2HAI 
> I7,3II0,F 
,**HTHE NU 
R OF SOURC 
*.11H AC 
DAY • ,1*, 
0.31 
»1*HS0URCE 
S • .F5.2. 
SOURCE NU 

F9.3,16H C 
• .2F10.3 

3.0.IX,312 
TIME OVER 

.3HTAG.*X. 
• I3>*X,8AI 
25HTin£ CA 
2*HHEA0ING 
»6HS0URCE. 
01 
D OF FILE 
D") 

RCRAFT A 
10.3) 
MBER OF 
ES ARE , 
ALT • ,F 
/.31H MU 

NUMBER 
20H DB R 
MBER .12 
ONDUCTIV 
«2H Jl 
,*X.3I2) 
SITE ■ 

6HSO0RCE 
0) 
L RfCORO 

RECORD 
I*.20HCA 

NTENNA   RADIATION   PATTERN   PROGRAM) 

DIFFERENT   FLIGHT   PATTERNS   ARE   ,I*,/»1 
I*,10X,8HRADAR   •   ,A1.22H        NUMBER   OF 
10,2./.23H  PRE   AND  POST     CALS     >   .Al 
ITIPATH   SIGNAL   ELIMINATED   •   »AD 

(I*.12H   FREQUENCY   ■,FS.3*.2)HMHZ        SY 
ICEIVER   GAIN   •   .F5.2.3H   DBl 
.18H   ANTENNA   HEIGHT   •   •F8.3.16H  PERMI 
1TY   •   »F8.3,/        .31H   THE   CALCULATED   R 

) 
) 
.312.9H   TIME   AT   »F6.1.6H  NM  ■   .312) 

NOT   FOUND) 
IOT   FOUND) 

RECORD   NOT   FCJUNO.'JB) 

ENCOUNTERED  ON   SIGNAL   TAPE   —TAPE10—   NO  DATA 

klOlO 
U020 

tose 
1060 
1070 
1080 
I09f 
LlOO 
1110 
1120 

kll30 
Kll*0 
U50 
1160 

kll7C m 
11200 
klZIO 
»1220 
1230 
12*0 
1250 m 

K1280 
a290 m 
a320 
a330 
kl3*0 
1350 
1360 

11370 
»1380 
V139Ü 
1*00 
L*iO 
1*20 
1*30 a**o 

11*50 
a*60 a*7o 
a*9u 
kl*90 
U5G0 asio 
U520 
»1530 
»15*0 

tig 
a 570 

!59C 

til m 
»16*0 
»1650 
»1660 
»lo70 
»1680 
»1690 
U700 
a 710 
»1720 
»1730 
»17*0 
U750 
»1760 
»1770 
»1780 
»1790 
klMOO 
»1810 
»1820 
»1830 

Witt 
Witt- 

1 

5 

10 
COMPtEX   RFF 
5lHEK WON   IHR1(90)»MIN1(90)»ISEC1(90)»IHR2(9U)*NIN2(90I«ISEC2(90I» 
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H 

20 

30 

35 

*0 

*5 

50 

55 

60 

65 

10 

20 

70     _ 

75 

80 

85 

<»0 

95 

100 

109 

no 

*0 

«5 

I 
c 

50 

60 

$5 

1        VO*T U82 »»SI6« 20 >,Sn*X (20». SHINTO) 

READ   IN   THC   HEADING   TYPE.   THE  NUMBER  OF   H|*0tN6S     •♦•♦•♦♦•••*♦»* 
mRQLL   ANGLE*   THE J>ITCH   ANGLE—ARMP  CARD   •     8     •♦•••»»•♦•♦» 

«■♦•••♦♦♦••♦♦♦•»♦••••♦••»♦»•♦♦•*»*♦•»•♦♦♦•♦♦•»•♦♦♦•»♦»*♦•»♦• 
READ(5>180I   IHDTYP,NUNHO,IJOLl.IPTCH,lHST,INST,ISST,IHSP.IHSP»ISSP 
If(lH0TYf.LT.1.0R.IH0TYP.GT.3)   GO   TO IT» 
WRITE  16>190I   IHOTYP.NUHHO. IROLL.mCH 
IFtlH0TYP.E0.3t  URITE(6(19$t   IHST,INSI,ISST.IHSP.INSP.ISSP ♦•♦♦»•♦»••*»••»♦»»»»••«•»♦•♦♦♦♦♦»»»♦•♦»♦»»♦»«••»♦♦•♦♦•*»*»•••»»♦♦» 

READ IN THE HEADING AND THE CORRCSPOMDING TINE INTERVALS ••♦»♦»• 
************* ARPHP CARD I 9 ****•*********•***$•**•*****•*•* 
•tt********************i****************************************** 

niHfO(ii.iHRni),rtiNi(n,irFcnu»iHR2in,'UN2(n.is READ  I5»200l   ( ( IHEDt D» IHRKI I* 
IE<:2«I)»,I-I,NU«HO» 

IFdHOTYP.EQ.l»   WRITE(6.210>   (( 1 stshi witi'iiWinhi?1!! 

80 

90 

1I-1«NUNHD) 

DO   10   I-1»NUNHD 
TINilI)«IHRl(II*3600*HINl(I)*60»ISECllI> 
tili»ttllItltT«filllt   60  TO  177 

)*60*ISEC2II) 

.IHED(I).IHRl(I)tHINl(II>ISECllI)» 
NUNHD) 
'IHCD(I)»IHR1(II>NIN1(II»ISEC1(III* 

IMTlHKfKLT.TRIH»   60  TO  1 
TRIH-TINim 
TIH2(n-IHR2II)*3600*HIN2II 
TRIH»Q, 
*************************** k**•••**••*************•*•*«***«*****•** 
FIND DATA FOR ALL TJ"! INTERVALS  **********•*•******•**•**•♦** 

***{*************iX**S*$***i«*i**S******************************** 
DO   20   MI-1>NUNSR 
SNAX7Nli>-9999. 
SNIN(I1I)«9999. 
NN-1 
00 30  J-l»*82 
VOATUI-O. 
CONTIHUE 

IF  DISCRETE   DATA   POINTS   SET  NN   TO  NUMBER  OF   POINTS   (NUNHD) 

IF   (IHDTYP.NE.3)   GO  TO 40 

IF CONTINUOUS DATA SANPLES SET NN TO NUMBER OF .S SEC INTERVLS 

NN-(SP-ST»*2.0 
TIM-ST-.5 ******•*******••***«******•***•**•*•****•*•*•••***•***********•*• 

SETS  NN POINTS OF   DATA FOR   THE   INTERVAL     ********************** 
***************************************************************** 
IF   (IHDTYP.EQ.2>   NN-NUMHO 
IF   (IHOTYP.NE.il   GO   TO   45 
NN«(TIN2INUHH0T>TtMl(in*2.( 
TIM-TIMlhT-.S 
00   160  J.l.NN 
IF   iIHDTYP.EO.2)   GO  TO  90 

CONTINOUS  DATA 

TIM-TIM»,5 
JF   ilAOTYP. 

'0   I-ltNL 
TI».6E.TiMi(n.AN0.IIM.LE.TIN2Un   GO  TO  70 

I 
lf 

[THOTYP.NE.IJ 
'»MUMHO 

GO   TO   70 

ONTINUE 
60   I«1,NUMHD 
TIH,LE.TtM2<I>>   60  TO  69 
INUE CONTI 

GO  TO  165 
TIM«TIIirfl) ****^************************************************************ 

GET HALF   OF   A SECOND  OF  AVERAGED  DATA     *********************** ***************************************************************** 
IF   (IRCK.EO.l) 
CALL SIGNAL r 
DO 

60  T 

NUN 
TIHfSIG) 
M$R 

#T1M»1 
0   160 

CALL  RADAR   ( ASP*DEP*TIN* TRIM, RNGf IROLL» IPTCH»RN6XV, IRCK I 
if h      " 

) LH"1#NL 
IF   (SIMLN).EO.O)   60   TO   80 

hi KMP-0 
6AIN-0. 

CALL MULTPTH IF OPTION IS SELECTED 

IF (ICKMP.EQ.ll GO TO 

MULTPTH (RNGXY.LH.ICKNP.OBGAIN) 
■0. 
80 

CALCULATE SIGNAL IN OBU 

SIG(LM)«VCAL(SIG(LN)tLH)'»0ELDB(LN)*20*AL0G10IRN6l 
SIG(LHl-SIG(LH)-30.-DBGAIN 
SHAxUMI«ANAXl(SNAXILNTfSI6(LMn 
SHIN(L«).ABHa(SMWaM),SiG(LMn 
CONTINUE 
GO TO  110  

DISCRETE  DATA  SANPLES  GET   AVERAGED  DATA FROH TIM-2.0 TO  TIN 

HQ2aIHED(JI 
^JÖJ^-l.HUMSR 

440 
450 

8   HC 
8   573 

S   790 

B BSD 
S 860 
B   870 
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^ «Ml 

100 

119 

120 

125 

130 

135 

1*0 

1*9 

190 

199 

160 

169 

H9 

100 

199 

200 

209 

110 
c 
c 
c 

120 

130 

1*0 

HI 
170 169 

179 
170 

HO 
175 
177 

ill 

199 

\n 
215 

220 

m 
250 
260 

TIN2(*»-0. 
CONTINUE 
TIN»TIHI(J) 
CALL   RADAR   ( ASP«DEP*TIH>T(tln« RNC> IROLL» IPTCH« RNEXY» IRCKI 
TIN-T1N-2.5 
DO   lie   JJ«1>4 
TIH»TIH*,5 
CALL   SIGNAL   (TlfSSIGI 

l.NUMSR 
IH2(K)«StGIK) 

00 110 K«li 
TIH2(K)-Tif 
CONTINUE 

I 

DATA   AVERASEO  FOR  2   SECONDS       ♦♦»♦••♦♦♦♦♦♦♦•••♦♦♦♦♦♦♦♦ 

DO   120  K»lfNÜHSR 
IF   (TIH?(K).EO.O.O)   GO  TO  120 
TI«2(K)-TIM2m/*.0 
■CKMP»0 
B6AIN-0. 

CALL   NULTPTH   IF   OPTION  SELECTED 

IF   (IHULT.EO.lHri   CALL   NULTPTH (RN6XY«K>ICKHP>0BGAINI 
IFdCKHP.EO.lt   SIG<K)«0. 
IF   (ICKNP.EO.ll   60   TO  120 

CALCULATE   SIGNAL   IN   DBW 

SIG(K|>VCAL(Tln2(K).KMOELOB(K|*20*AL0610(RN6l 
SIG(K)>SIG(K)-30.-DBGAIN 
SNAX(Kl«ANAXi(SNAX(KT.SlGlK)> 
$HlN(K)>AHlNl(SNlN(KifS!G(K)l 
CONTINUE 
»•»»♦♦♦♦»♦»»♦»•»*»♦♦♦♦»»»•«»»»»♦»♦♦♦»♦♦•»»»»••*•♦•»»»•»»•♦»»»»♦»♦♦ 

CREATE   THE   OUTPUT   ARRAY       WOAT     ♦♦♦♦♦♦♦♦♦♦••»•»•♦»•♦»»•♦•♦♦♦♦»♦♦ 

DO   190  KsUNUNSR 
IF   (SIGIKJ.EO.O.I   GO  TO   ISO 

PLACE   NON-ZERO   DATA   IN  OUTPUT   ARRAY 

VDAT(nnt>K 
vgAT(nn»i)«siG(K> 
V0AT«nKI»2)»0EP 
VDAT(nn»))«ASP 
VOAT(HM»<rl«RNGXY 
V&AT<IM*H«flJI 

IF   (J.E9.NNI   VDAT(4a2)«l 
If   (HH.LT.*ep»   GO   TO   150 
VDAT(«ai)><i80 
WRITE   (12)   VOAT 
WRITE   <(S.2ZC) 
WRITE   (6«230)   VOAT 
HH-1 
00   UO  L«l»*a2 
VDAT(L)-0. 
CONTINUE 
CONTINUE 
IF   (NM.EQ.U    60   TO   170 
VDAT(*8l)"HN-l 

WRITE   (12t   VOAT 
WRITE   (6>220) 
WRITE   (6.230)   VOAT 
WRITE    (6»240>    (Hl,S«INtMII,SI1AX(Nn,MI-l,NUMSR) 
CONTINUE 

RETURN 
WRITE(6»250I   IHOTYP 

STOP 
WRITE(6t260)UIHRl{I»>NtNl(I>tISECl(I)*IHRl(I-l)>nlNl(I-l). 

IISECIU-I) 
STOP 

FORMAT   miO>2(<iX>3I2n 
FORMAT   <1H1J20HTHE   HEADING 

A      "      (WLYBY,RADIAL.   2»CL0 
B     "THE   NUMBER   OF   Ht«      NGS   A 
1      IX,I2,/.1X,18HTHE   KOLL   AN 
2".IX,12) 

FORMATdX," START TIME IS " 
1"     STOP   TIME   IS   ",12," HRS 

FORMAT   (*(I3flX,312,*X,3121 
FORMAT!1H0,"THE MAGNETIC HE 

ING TIME INTERVAL IS.IK.12 
2CS,10X,2HT0fiOX,I2»lX,3HHRS 
FORMATliHO,"THE MAGNETIC H 

"IMS IS ",I2," HRS ".12,* Mi 
FORMAT I1H1,41HTHE DATA ARR 

TYPE   IS   ,12, 
VERLEAF, PL OYGON.S» ORBITS >N«/»1X> 
RE". 
GLE  IS   .IX.13./.        "   THE   PITCH  ANGLE   IS 

,12,"  HRS   ".12."  MINS 
".12."   HINS   ".12. 

.12,"   SECS". 
SCCS"» 

A0IN6   IS   ">I4.      /,1X,36HTHE   CORRESPOND! 
.1X.}HHRS,1X.I2,1X.<.HMINS>1X,I2, 1X,«HS£ 
,IX, I2,lX.<.HMlNS,iX,I2,lX.<,HS£CS) 
AOING  IS   ",I«.     /."  THE   CORRESPONDING  T 
NS   ".12."   SECS"» 
AY   TO  BE   USED   BY   ADAP   IS    ./.2X,2«60 

H        SOURCE        SIGNAL     DEP   ANGLE     ASP   ANGLE        RANGE TIME I,/ 
.2X,?(13X.9H(DBW).4X,5H(DEG).6X.9H(DEGT,6X»*H(NN1I1X.11H(TQTAL   SEC 

FORMAT   «1H  ,12F10.|) 
FORMAT (1H . 3(<.0H SOURCE N 

l3(«X,I3,7X,Fi0.3,2X,f10.3,5 
FOPHAT("   ILLEGAL   HEADING  TY 
FO(MAT(" ENTRY ",I3," IN TH 

1312,"  WHICH   IS   LESS   THEN  TH 
END 

UMBER   HIN SIGNAL  MAX SIGNAL I./.«X.7( 
XI,/I) 
PE   ".HO) 
E  HEADING  ARRAY  HAS  A  START  TINE  ". 
E   PRECEDING   START   TtHt   ",3121 

B111Ü 
B1120 
81130 
aii'.o 
BlliO 
til 160 

170 
160 tit 

BU llOC 
B120C 

i\m 
B1230 
81240 
»1250 
81260 
61270 
il2i»0 
31290 
81300 
81310 nm 
813*0 
B1390 
B1360 
81370 
31380 
81390 

urn 
81<>20 
Bl<i30 
81**0 
81*50 
81*60 
81*70 
81*80 
81*90 
81SÜ0 
81510 
81520 
81530 
815*0 
81J5C 
81460 
«1570 
81580 
81590 
81600 
81610 
31620 
81630 
816*0 
B1690 
81660 
aio70 
81680 
81690 
81700 
81710 
B1720 
81730 
817*0 
81750 
81760 
&1770 
81780 
81790 
818C0 
81810 
«1820 
81830 
B18*Q 
81850 
81860 
81870 
41880 
81890 
31900 
81910 
81920 
41930 
814*0 
81950 
Si-JöO 
81970 
81980 
81990 
8 2000 
82010 
82020 
82010 
B20'.0 
B2050 
82060 
B2070 
82080 
8 2090 



10 

•vo 

1 SUBROUTINE   SIGNAL   (TlnE»SIG) 
C       »»♦,»♦»»♦*»»»»♦»,.»♦*».»♦»»♦**♦«♦»♦..♦.4t*»»»»t4 ■•♦*•»»♦♦«>■ »•♦»♦»♦* 
C THIS SUBROUTINE RETURNS THE ARRAY SIG WITH AYfRAGED »♦♦♦♦»»♦• 
C DATA FOR EACH SOURCE FOR THE TINE INTERVAL—TINE-.5 TQ TINE • 

9        r    *»»».»,,»♦»»«»»»♦»»♦♦♦»»»»»»*»♦»»»»»»♦»»♦«»»»♦♦♦♦♦»♦♦♦»*♦♦♦»*»♦♦♦♦ 
CONNON ITYPE>NUNSR>     IDATA(»12 )> ITTAG,IDATAGI20)>ISTWO»tUO« 

2 CALSGiaOOWCALNViZOOl.CALSEIJOeZI.IHIDIPOT.TiNÜJoF.JINZJJÖJ. 
3 NUNHD,IH0TYP>0TINT90Öt2>>NUH5.DELDa(20)tH62tlXifIRiDARfNUHRNG» 
* RDRNG(3.20)>ALTAC>0AYS>0AYR*ISTDATfRaSTT*ANTHT(2'')*REF(20)« 
5 FRE0(2Ci.INULT 
CQNPLEX U 
DIMENSION SIG! 2011ISIG<20)fN$16(20) 
ICNT.O 
IF   tNUNO.EO.O)    TLAST-1000000. 
IF   (NUND.EQ.O)    GO   ' 19 _ IF   (NUnD.EO.O)   GO   TO  30 

IF TINE IS LE END TINE OF OTIN ARRAY—00 NOT READ DATA C 17^ 
C 1« 

10    If (TIHE.LE.DTIH(NUnO»2n GO TO SO 20 C     «»»♦♦»»«»»«».»»♦♦»♦♦»»♦.»»»»♦♦»»»»»^»»♦»*.»*»*»»♦»»♦♦»♦«»*»»»♦*»♦ 
C       BUFFER IN A DATA RECORD INTO IOATA  ♦♦♦♦••♦♦♦•♦♦♦»♦••♦♦»•»♦♦♦•♦ 
c   »»»»»»»♦»♦»♦».«»»»»♦♦♦♦»»»»♦»♦♦♦♦♦»»♦»♦♦♦«♦♦♦•»♦♦♦«♦»«»»♦»»»♦*»♦♦ 
20 TLAST-0TIN(NUND.2I 
30 BUFFER IN (10,1» (IDATA( II»IDATA(5121) 

29 IF (UNIT(IO)T «0>220>A0 
*0 CONTINUE 

C IF NORE THAN 100 BACKSPACES—END RUN 
C 

30 IF (ICNT.GT.100) GO TQ 230 

C IF STATUS WORD NE.O — READ NEU RECORD 
C 

IF (IURO(3).NE.O) GO TO 30 
35 c     ****************************************************************** 

CALL SUBROUTINE SETTIHE TO SET UP THE TINE ARRAY DTI«  ♦♦•»*»♦♦♦♦ ****************************************************************** 
CAU SETTINE 
GO TO 10 

iF TINE 6E START TINE IN ARRAY DTIN — PROCESS DATA 

IF (TIrtE.GE.0TIH(l,2)-.51 GO TO 80 

IF (TIME».'.<>.GT.0TIN(I»2 
tL»DTlN(I-l,l) 
IF (I.EO.l) IL>DTIN(1,1) 

IF  NEXT  N£.   0      END   TINE   NOT   FOUND  —  READ  KEU RECORD 

IF   (NEXT.EQ.O)   GO  13  200 
99 NEXT«0 

IF.0TIM(1,11 
C ***********************>,****************************************** 
C SUFFER   IN   A   DATA   RECORD   INTO   IOATA     «»•♦♦♦»»♦»♦»*»»♦.»»»»*»♦•»»» c ****************************************************************** 

100 TLAST«0TIH(NUN0*2I 

2*4 

80 

?10 Ü 

*9          C         IF TINE 6T END TINE OF LAST RECORD AND LT START TINE 
C OF THIS RECORD  THE TINE WAS N3T FOUND 

IF (TIHE.6T.TLAST) GO TO 70 
C 

90 C IF TINE IT END TINE OF LAST RtCORO — BACKSPACE TAPE 10 

DO 6C I«l»2 
BACKSPACE 10 

60    CONTINUE 
99 ICNT-ICNT*! 

GO TO 20 
70    WRITE (6.2^0) TINE.TLAST.OTIN(1,2) 
80    IF«C 

Il«C 
60 NEXT'O 

DO 100 I-l.NUND 
r    *******************************************€%********************* 
C FIND   INDEX   INTO   OTTN  FOR   TINE   INTERVAL        ♦*♦♦•♦«♦♦♦•♦»♦♦••♦•♦»•»• 
C »»♦,♦♦».»»...«♦»«*»»»»»♦»»»*»»»»♦»♦»♦♦«♦♦♦»♦»»»»♦♦»♦»♦»»♦♦»»♦»♦»♦♦      i;   (> 

69 IF (TINE.GE.DTIN(I>2).0R.IF.NE.O) GO TO 90 
IF»0TIH(I,1) 

90    IF (TlNEt.49.GT.DTIN(U2)) GO TO 100 

9 

70 GO TO 110 
100   CONTINUE 

NEXT-l 
110   00 120 I'l.NUNSR 

ISI6(1)«0 
79 120   NSlGm-O 

c    ****************************************************************** 
C     IF.IL — FIRST AND LAST INDEX IN INTERVAL   »♦♦♦♦♦♦♦♦♦»♦»♦••♦•♦♦•• 
r "***************¥**************** ********************************* 
130        J-IF 

80 K«Il 
IF    (K.EQ.O)   K>IWRD(2) 
IF   (K.r,T,i920)   K-1920 
IF    (J.i.T.5)   J»5 
DO   190   I»J.K,2 

89 DO   1*0  l-l.NUNSR 
IF   (IWRO(i).NE.IDATAG(L))   60   TO   1A0 
ISIG(L)*ISIG(LI»IHR0(I-1) 
NSIGU WNSICILI »1 

1*0       CONTI?,dE 
90 150   CONTINUE C 90 n 

  



. I 

109 

110 

115 

120 

125 

130 

135 

160 

170 

C 

cc 

ISO 

IK 

c 
c 
200 

210 

220 

230 

C 
2*0 

2 50 

260 

BUFFER IN (10,11 (I0ATA(l)>IDAT*(S12)i 
IF (UNITtlOn l?0,220.170 
CONTINUE 
IF (IWRD(3).NE.O) 60 TO 160 It    (iHKUl31.NtaUI    bU    IU    160 

CALL   SUBROUTINE   SETTINF   TO  SET   UP   THE   TINE   »RR»r   OTIH     •♦•♦♦♦♦ 
♦♦♦*«♦».»♦♦»♦»♦♦»♦»*♦♦•♦♦»♦♦»»♦*»»♦♦»»*»♦»»»*♦»»»*♦»*♦»»»»»♦♦»»•»« 
CALL   SETTINE 

'   60   TO  180 

CALL   SETTINE 
no 16Ö i>i«NUNO 
IF TT!HE».*9,6T.DTIH<I,2> 
U'DTIMtI-1.1) 
IF (I.EQ.ll IL>DTIN(1«1) 
GO TO 190 
CONTINUE 
NEXT-1 
GO TO 130 

SET AVERAGED SIG ARRAY 

DO   210   I'l.NUHSR 
IF   (NSIGdl.EQ.Q)   GO   TO   210 
ISIGtll-Ft.QATdSIGdl l/FL0AT(i4SI6(nM.5 
S(G(IWSIG(II 
RFTURN 
WRITE(6.250ITLAST 

JRITE (6,2601 UNE,DTin(l,2)»I0AY 
STOP 

FORMAT   (6H   TIME   «F10.3«27H  NOT  FOUND  NO  DATA   BETWEEN   »F10.3«5H  AND 
1   ,F10.3) 

FORHAK"   END   OF   FILE   ENCOUNTERED  -   TAPE10   -  LAST   TINE      FOUND  WAS», 
I   FIC.31 

FORN£T   (6H     TinE,F10.3,26H   NOT   FOUND   FIRST   TINE   IS      •F10.3>7H   DAY 
1«   ,110) 

END 

1010 
02" 

ft 
060 

71 
|i 

i 
inn 
'1200 
c   2i0 
C1220 
C1230 
C12«0 
C1290 
C   260 

i in 
C1290 
C1300 
C1310 

mis 
C13S0 
C1360- 

E   RAOAR    (,.SI>,DEP,STNSEC,ETHSEC,RNG,IRQLL,IPTCH,RNGXY,IRCK 

10 

50 

n 

************ 
A/C OEPRESSI 
ONTAL RANGE 
************ 
),ITTAG,IOAT 
2),IHED(90), 
fcLUB(20t>Hn2 
0AT,ROSTT,AN 

******************* 
ON ANGLE,ASPECT »•» 
AT TINE STHSEC ♦♦♦♦ 
******************* 
AG(20),ISTWD,IM0, 
Tim(9D),TIN2(90l, 
•IXX»IRADAR,NUNRNG, 
HT(20),RFF(20), 

SU8RQUTIN 
II ********************************* 

THIS SUBROUTINE RETURNS THE 
ANGLE,SLANT RANGE, ANO MORIZ 

********************************* 
COMMON ITYPE,NUNSR,     I0ATA(512 

2 CAlSG(20OI,CALNV(20O),CALSE(20> 
3 NUMMO, IHDTYP, DT IM(SOO,2 ),NUMO,0 
* R0RNGt3,2OI,AlTAC,OAYS,DAYR,IST 
5  FRE0(20),IMULT 
COMPLEX RFF 
DIMENSION   SUMV(6l,DArA(6l 
liCKaQ 

IF   NO   RADAR   TAPE   —   GO   TO   200 

IF    (IRA0AR.E0.1HN)    GO   TO   200 
DO   10   I>1,6 
SUMVdl'O.O 
AN»0. 
ROLL'IROLL 
IF   (ETMSEC.NE.O.»   GO   TO   30 ****************************************************************** 

READ   THE   RAOAR   TAPE   (TAPEll)        ***♦*****»******♦*♦*»♦*♦**♦***** ****************************************************************** 
READ   «11»    IWO,TTMS.IHR,IMIN,TMS£C,ETMSEC.ISTWO,(OATAtI»,I»l,6» 
IF   (EOFdll.NE.O.)   GO   TO   190 

USE   ONLY   DATA   RECORDS   WHERE   IWD   EQUALS   101 

IF    (IWO.NE.101)    GO   TO   20 
IF    (DAYR.EO.l.OI    GO   TQ   <i0 
IF    (RQSTT.EQ.O.OI   RUSTT-TTMS 
IF   (ROSIT.GT.TTMSI   DAYR'l.O 
TTMS'TTMS*DAYR*2'r»3600 

IF   STATUS   WQRO   NOT   VAI ID   —  READ   NEW   RECORD 

IF nuwo.Eo.iOH n GO TO SO 
GO TO 20 
IF (TTMS.LI.STMSECl GO TO 20 

IF END OF .5 SEC DATA REACHED 

IF (TTMS.G;.(STMSEC*.5n GO TO 80 
DO 70 I-l,6 
SUMV(l5»SUMV(I)*0AlA( II 
AN.AN*1 
GO TO 20 

PROCESS DATA 

IF NO DATA FOUND GE1 NEW RECORD 

60 

IF   (AN.EQ.O.I   GO   TO   60 
DO   85   I«l,6 
OATAUI-SUMVUMAN 
RNG»SQRT<0ATA(ll»»2*l)ATA{2l»»2«0ATA(3»**2l/6076. 
RK6XY»SU«T(DATA«ll**2*nATA(21»♦21/6076. 
IF   «IHDTYP.GT.3)   GO   TO   170 
HFAn»HD2 

24b 



65 

70 

75 

SO 

85 

PO 

<*5 

ICO 

105 

110 

115 

120 

1?5 

110 

115 

ISO 

U5 

190 

90 

100 

110 

120 

130 

Uo 
150 

i 
c 
16C 

17C 

180 

190 

200 

210 
220 
210 

260 

FOP DISCRETE POINTS (CLOVER LEAFSfPOLYGON FLIGHTS) GO TO 160 

IF (IH0TYP.EQ.2I 60 TO 160 

FOR ORBIT FLIGHTS GO TO STATtMENT HO 

IF (IHOTrP.ta.3) GO TO 110 
*»t******************************** ******************************* 

THE HEADING IS READ IN IN TINE INTERVALS   ♦♦♦»»♦»»»»♦»»«•»♦♦♦»♦ 
****************************************************************** 

FOR   FLYBYS   AND   RAOIALS   START   HERE 

DO   100   I'l.NUIHD 

FIND   HEADING   FOR   TINE   STMSEC 

IF (STnSEC.GE.TINim.AN0.STNSEC.LE.TIN2(II) GO TO 90 
GO TO 100 
HEAD'IHED(I) 
GO TO 160 
CONTINUE 

IF TINE INTERVAL NOT FOUND GO TO STATEMENT ISO 

GO TO 180 

ORBIT FLIGHTS 

DO 120 I«l.NUt1HD 

II • UPPER INTERVAL OF TIME 

II«I 
IF (TIMKII.GT.STMSECI GO TO 130 
CONTINUE 
60 TO 180 
Hl'IHEDUI-ll 
H2'lHED(ill 
0ELH»ABS(H1-H2) 
If (DELH.LT.200) GO TO 150 
IF (H1.GT.180.) GO TO 140 
H1»H1»360. 
60 TO 150 

DETERNINE HEADING BY LINEAR INTERPOLATION OF TINE 

H2«H2«360 
HEAD-(H2-Hl)»($TMSEC-TINl(II-l)imi«l(III-TIMl(II-in»Hl 
IF   (HEA0.6T.360.I   HEAD«HEA0-360. 
IF   (HEAD.LT.O.)   HEAD>HEADO60. 

SETUP   DATA   TO  CALL   SUBROUTINE   PANS 

TASP*ATAN2(0ATA(2)>0ATA(lli*57.3 
T0EP"ATANf0ATAt3)/(RNGXY*60 76.»>*57.3 
IF   (TASP.LT.O.I   TASP-TASP*360. 
RNGN»RNG»1852. 
PTCH-IPTCH 
ALIAC«0«TAt3) 

CALL   PANS   FOR   ASPECT   ANGLE   AND   DEPRESSION   ANGLE 

CALL   PANS   (ASP»OEPrRNGN>TA$P>TDEP«HEAD>PTCH»ROLL) 
RFTURN 
WRITE   (6»240)   IHOTYP 
STOP 
WRITE   «6t250)   STNSE C» IHDTYP 
IRCK.l 
RETURN 
WRITE   «6f260)   TTHS 
STOP 
ASP"0. 
0EP«0. 
ETMSEC'O. 
DO   220   I-lxNUMRNG 

•I 

NSEC.LE.R0RNG(3»in   GO  TO  230 IF   (STNSEC.G£.RDRN6<2>I).AND. 
GO  TO   220 

STNSEC.LE.RDRNG(2«I>.AND.STNSEC.6E.R0RN6(3>in   60   TO   230 

If   <BQ^6(2>I).GT.RpRNG(3>in   GO.TO  210 

, ■     „   zzo 

CONTINUE 
RNGXY«R0RN6(UIN)*(STHSEC-RDRN6(2«INn/(RDRNG(3>IN)-RDRNG(2>INn 
RN6"S0PT(RNGXY*»2*ALTAC/t076.**2» 

FORMAT   (JK.Z'.M     ILLEGAL   HEADING     TYPE   »12) 
FORMAT   llX,*HTIME«Fa.lt24ri   NOT   IN  HEADING   INTERVAL»ITHFOR  HEADING 

FORNA^   ilX>66HEND  OF   FILE   ENCOUNTERED   ON  RAOAR   TAPE—LAST   TIME 
1 FOUND  WAS   .F10.31 

END 

750 
760 
770 

W 

H\ 

01090 
0   100 

01120 
0 130 
DlUo 
01150 
01160 
0M7« D ,J" 
Oil . 
01200 

11170 m 
11200 

01230 
01240 
D1250 
01260 
01270 
01280 
01290 
01300 
01110 
D 320 
0 330 
01340 
01350 
0 360 
0 ,370 
01380 
01396 
01400 
01410 
0 420 
01430 
01440 
01450 
01460 
01470 
01480 
Ü 490 
01500 
01510 
D1520- 

SU6R0UTINE  CAL   (IPCAL) ******************* **************************************** ******* 
THIS SUBROUTINE SETS UP THE SIGNAL CALIARATION ARRAYS »»♦♦♦♦*• 
CALNV AND CALSO »♦♦»*«»»♦♦♦♦»♦♦»♦♦♦»»♦♦«»»♦♦»♦♦♦»♦♦»♦♦♦ 

COMMON   ITYP£»NUMSR> IDATA(S12i>ITTA6»IOATAG(2OI»ISTUO>IW0> 

24t 



10 

19 

20 

25 

30 

35 

*0 

<i5 

50 

55 

60 

69 

70 

75 

80 

85 

<»0 

10 

20 

10 
40 

SO 

60 

70 
C 
80 
90 
100 

m 
130 

C*LSG(200)>CALnV(2001»CALSE120*21>IHEO( 901. TIHK901>rin2(401> 
NUMHD>IHDTYP»DTin(500*2)»NUNÖ>OELOB12QleHD2>tXX»IRADAR>NUnRN(i> 
RDRNG(3.2O)tUTAC.0AYS>0m,ISmT,fta$TT,*NTHT(2Oi,REM2O)> 
fREQ«20).INULT 

COMPLEX   REF 
01 HENS ION   IHR(5O)>ININ(50t>ISEC(5Ct>N$RI0(20i>SIG(2ai,TPSG(2>100l 
INTEGER   CAISE 
IXX«1 

IF   PRE   ANO   POST   CAIS 

H li'l-l;!^" IXX'2 
SET  IXX  •  2 

00   10  K«l,2 
SSTK»!»? 

J"l 

TPSG(K 
DO  50 

,lt>0.0 
IX-l.I XX 

READ   08M   AMD   TINES   FUR  EACH  SOURCE 

DO  20   I>l>NUnSR 
»ttt*t4»t»^»tt»tt*»»**»************************************ ******* 

READ IN THE NUNBtR OF SETS OF CALIBRATION SIGNALS   »*••••»••♦•♦ 
AND THE CORRESPONDING TINES   •♦♦»♦♦•»•••♦•♦♦♦•♦»♦♦♦♦»»»•♦♦•♦«♦ ****************************************************************** 

READ  NUMBER  OF   CAL   POINTS   FOR   EACH  SOURCE      ARPHP   CARD  f6 

READ   (5,80J   CALS£(|t2) 
WRITE   (6,90)   CALSEiI>2) 

SET  STARTING   ANO   ENDING  ENTRY   OF  CAL   POINT   IN   ARRAY   CALSE 

CALSF(I,1)>J 
JJ«J*C 
ITOT«JJ 

ALSE(I>2>-1 

DO   *0   J'L.LL 
TSEC-IHRTJI*3 

****************************************************************** 
READ IN THE SIGNAL IN OB« ANO THE   •♦♦•••♦♦»•♦•♦♦•♦»♦♦»♦»•♦»♦♦« 
CORPESPONOINe TINES »•»*♦»•♦»»♦*»»♦»»♦•»♦♦*♦»»♦♦»»»»♦♦»»»»•»•♦» ****************************************************************** 

READ SIGNAL 08« AND TINES ARPHP CARD »7 

READ (5.110) ((CALNV(K)«IHR(K)jlnlN(KI.ISEC(Kt)»K>J«JJ) 
W4ITE (6.IOC) ( (CALHVUl,IHR(K),:MIN(K).rSEC(M ).*»J, JJ) 
J<JJ»1 
DO 40 I-1»NUNSR 
L*CALS£(I.l) 
K<CALSE(I.2) 
IL«L*K-1 

GET SIGNAL AT CALIBRATION TINE TStC 

!lHR(j1*3600.*ININ(J)*60.«IS£C(J) 

READ 2 SEC OF DATA FRON SIGNAL TAPE (TAPEIOI 

00 30 JJ'i,'. 
CALL SIGNAL (TSF.C.SIG) 
TT«TT*SIG(I) 
TSEC-TS£C*.5 
TPS6(IX,j)-TT/*.0 
WRITE (6,130) (IHR(J),ININ(J),ISEC(J).CALHV(i),TPSG(IX.J),J>l.LL) 
CONTINUE 
DO 60 I'l.ITOT 
CALSG(I)'(TPSG(1,I)*TPSG(2.I))/IXX 
00 70 I-I.NÜNSR 
L.CALSE(I»1) . 
ll-L-l»CALSE(I.2) 
WRITE (6.120) I>((CALNV(J).CALSG(J)).J'L.LL) 
CONTINUE 

FORNAT (HO) 
FORMAT (lHO,35HTHt NUNBER OF CALIBRATION SETS ARE .IX.12) 
FORNAT (1H0.33HTHE CALIBRATION SIGNAL IN OBH IS .F10.4./»IX. 26HT-IE 

1 CORRESPONDING TINE IS . 12. IX, 3HHRS, IX. I 2. IX, <.HNINS . IX, I?, 1 X, <tHSE C Isj 
FORNAT   U(F10.4.<.X,3I2I) 
FORNAX   (1H0,15H   SOURCE   NUNBER   ,I2,/,$(20H  SIGNAL   D9N 

10(10(1X,F9.1»,/)» 
FORNAT   (1H0,5(22H   TINE   Z     D8N 

1F7.!),/,)) 
END 

SIGNAL   ),/,2 

SIGNAL   ),/,20l9(lX,3I2.1X.F6.1,iX. 

70 
»0 
90 

IOC 
110 
120 
130 

160 
170 
180 
190 
200 
210 m 
2f.C 
2 50 
260 
2 70 
ZiC 
290 
300 
310 
320 

SAO 
35C 
360 
370 
390 
390 
«tOO 
<ilO 
<i2J 
<.30 
<i<.0 
<i50 
><bO 
*70 
480 
*90 
500 
51J 
520 
5 30 
»40 
550 
5bC 
5 7C 
5»o 
590 
600 
610 
620 
63o 
640 
650 
660 
670 
680 

. 690 
fc 700 
t 710 

720 
730 

h 
760 
7 70 
780 
790 
800 
810 
•520 
S3C 
840 
850 
860 
870 
PBO 
890 
900 
910- 

1 

5 

10 

FUNCTION   VCAL(X,n ************************»*****»****»***********»****************, 
FUNCTION   VCAL   PERFORMS   SIGNAL   CALIBRATION,   I>SJURCE   NUNBER-** 
AND   X  •   SIGNAL   TO   BE   CALIBRATED »»♦*♦♦»»♦»♦♦♦♦»»♦♦»»»♦»♦. ***************************************************************** 

CONHON   ITYPE#NUnSR,IDATA(5121,ITTAG,IDATAG(20>,ISTW0.IWD, 
2 CALSe(2OO>,CAlNV(2OOi,CALSE(20,2l<IHE0(9O),TIHl(90).TIN2(9O), 
3 NUHHD,lH0TYP,OTIN(50O,2),NUnO,DEL0B(2O),HD2,IXX,IRA0AR,NUNRNa. 
4 R0RNG(3,2Q),ALTAC,DAYS,0AYR,ISTOAT,ROSTT,ANTHT(2Ö),REF(2O), 
5 FREQ(20).INULT 
COHPIEX REF 
INTEGER CALSE 

30 
40 
;c 
6C 
70 
80 
90 

100 
110 
120 

247 



li 

20 

^■) 

!0 

»5 

10 
20 
r 
C 
C 
••o 

so 

50 

>4N«CAL5E( 1.2) 
M1.C*LSE(1,1) 
00   f>0   IW.NN 

N«MMiJ-l 

Ih    SIGNAL   CAL   AR^AY    IS   ASCENDING   —   60   10   10 

IF    (C ALSG(fM).GT.f ALSG(f1f»NN-l) )    GU   TO   10 
IF   (X.CT.CALSGtN))   GO   TO   50 
GO   TO   20 
IF   (X.LT.CALSG(N))   60   TO   50 
IF   (J.E3.1)   GO   TO   <tO 

ft*fO*n   IINEAR   EXTRAfULAIIQN   TÜ   1 I NO    SIGNAL    CALIiRATIJN 

VCAL«tAL1V(N-l)»(CALHV(N)-CALf<V(N-l)(»tX-CALSG(N-.il»/(CALSG(N)-CAL 
ISG(N-l)) 

ttETUBN 
N«N»1 
GO   TO    30 
IF    (J.EO.NN)    GU   10   30 
CONTINUE 
END 

13C 
:<.'j 
liO 
16C 
iro 
160 
190 
20^ 
210 
2?0 
230 
2'.C 
250 
2faO 
2 70 
280 
2^0 
3ÖU 
3)0 
32C 
33u 
3'.0 
350 

f     360- 

1 

5 

10 

15 

,-r, 

25 

'0 

35 

«0 

«.5 

50 

'.'. 

60 

N   IWKD(l) 
,...,,Ht»..,.,,,,»,,.,*»,»..♦.*•.»»»..(». v....»»ti»,1,v»t» 
S   FUNCTION   EXTRACTS   THE   I   TH   16   BIT   WÜRO   FRQN   THE   60   311   ♦» 
ORUS    IN   IOATA      •»»»•>»»»».♦»..«,..»♦»»»..».»....*»....».».. 

ITYPE.NUMSR, IDA'*(912)ttTTAG«IOAT*G<201tISTWOf1W0* 
(2001»CALNV(2001«CUSE(|0» 2) fIHE0(<90if 11011401 fTIUZl 90) • 
iIH0trP»0TI«T50O»2».NUHBtö£LDB(2Öi.H02f.IXX.l8A0AR.NUHRNO, 
(3.20).AlTAC.DAYS,0AY«,ISTCAT,»J$TT,ANTHI(20),PtF(2OI. 
20). IMULT 

REF 
i 
77a 

FUNCT10 ******* 
C THI 
C . 
c        »«»»♦»♦ 

COMMfJN 
2       CALSG 
i      NUMHD 
^      RDRNG 
5      FREOl 

COMPLEX 
M2'7777 
M1.1777 
H3.17B 
Mi,«3778 

C 
C CALCULATES   WHICH   60   BIT   yURO   THE    16   BIT   WüPD   WILL    Öt    IN 

M>FL'JAT( I )/15.00001 
II-I-M«15 
JJ.^^M+l 
IWlMDATUJJ ) 
IW?-IDAr»(JJti) 
IW3"I0*TA(JJ»il 
mWOATA(JJ*Jl 
IF   ( I I.lT.l.OR.n.GT.15)    ;i-i 

C 
C GO   10   THE   CQKRtCT    SIAItMENT   TO    GEI    THE   WURÜ 
C 

GO   TO   (10,eO.30,<t0,50>60>70>HC>9C . 100,110. 120,130« UO,150).    II 
10 IWPO«AND(SHIFT(IW1,16),M1) 

RETURN 
2C IW«0-AhO(SHIFT(1W1,32.,M1) 

RETUÄN 
30 IWRO«ANDlSHIFT(IWl,<.d),Mn 

RFIURN 
<.0 IWRD^DRISHIFTI ANO( I WI,M2 ),<(), ANOI SHIFT! IW2.*),M3)) 

RETURN 
50 IWPO.ANOISHltT(IW2,?0),11) 

RETURN 
SC IWRO>ANO(SHIFT( IW2,3o),Ml) 

RETURN 
70 IWRD'ANOISHlfT(IW2,52),M1) 

RCTURN 
10 IWRC-OPISHI) T(ANl)(IW2,M<, 1,3), AN3( SHlFT(lW3,8).M<.)) 

RETURN 
■»0 IWRO«ANO(SnIFt( 1W3.2'.),M1) 

RETURN 
100 IWRC^ANMSHIFK IW3,<.0),M1) 

RETURN 
110 1 WRO-ANOiSHIFTt IW3.5H,f 1 ) 

RETURN 
120 IWPD.OR(SlUET(ANr)(Iw3,M3) ,12),AND(SHIET(IW<..12),M2)1 

RETURN 
130 IWRD-AMDISHIFK IW'.^H) ,11) 

RE TURN 
IVO rw»0"Ahiu(SHlET( 1W<I, <.<•).Ml) 

RETURN 
150 IWRO«AND( IW'.,«!) 

RFTURN 
END 

10 
20 
30 
HO 
•.■0 
60 
r, 
80 
90 

ICC 
ilo 
i20 
1 30 
1<.0 
lio 
Uo 
170 
180 
1Q2 
2uC 
210 
22J 
2 3C 
2<.0 
?!J0 
260 
?70 
280 
2 00 
300 
31C 
320 
330 
3<<0 
350 
360 
370 
3dC 
3vv 
«.00 
•.10 
'.20 
-.30 
S'.J 
^0 
".t.ü 
<.70 
•, Hj 
<.->0 
■-».., 

510 
520 
530 
">'.0 

ifcd 
•J7L 
580 
5V0 
hCO 
61C- 

SUBRUUIINE StTTlME 
t4^t*ttmt*********> ************************************ ******** 

THIS   SUBROUTINE   SETS   ARRAY   OTIM   WITH   THE   ENTRY   LOCATIUN   AND    ♦» 
TOTAL   TIME   IN   SECONDS   AT   EACH   rtlLLIStCONO   ENTRY   tN   THE        ♦••• 
SIGNAl    RECORD   (FROM   TAPF10)    ♦♦♦»♦*♦•»»♦•»»♦•♦*♦♦♦♦»»♦»♦♦»♦»»♦ ************ ***************************************** ************ 

COMMON   ITYPE.NUMSR, I 0 ATA(512 ) . IT TAG,I DATAG(20),ISTWO»IyO, 
2 CAL SG (200), CALMV(2 00), CAL St (20,2) .1 HE 0(90), TIMl (90 ),T 1)12 00), 
3 NUMH0.IH0TYP,0TIM(5OC,2),NUM0,DELDB(2O),H02,IXX,IRAOA«,NUMRNG, 

1' .,. 
30 
s> 
50 
bC 
rc 
80 
90 

MS 



. I 

10 *      RDRN(,(3,20l,*LTAC,DAY$>DAYR,ISmr,R'JSn,*NrHTl20l»KEF(20l> H   ICO 
5     FREa(20),IMULT H   110 

CQMPUX   REF H   i2Ö 
C H   130. 
C GET   END   TIME   OF   SIGNAL   «ECORU H   1*0 

15 C H 150 
CALL TTIHE <IHR,«IN,I SEC.TSECi H 160 
IFT^O H 170 
ASEC»0. H 180 
ILAST»9')99 H 190 

?0 NN«IWP0(2I H £00 
IF (NN.GT.19201 NN-1920 M 210 

C H   220 
C COUNT   THE   NUNdEK   OF   SECONO   CHANGES   IN   RECORD H   230 

25                                       DO  2C   l'$,Htt,Z H 250 
IT-«USEC(IWRD( I-ll I H 260 
IF   (IWROm.NE.ITTAGl   GÜ   TO   20 H 270 
IF    ( IT.GT.IIAST)   GO   TO   10 H 280 
AStOASFCU H 290 

30                           10           RAST-IT H 100 
20           CONTINUE H 310 

UAST»9999 H 320 
ST-AINTtTSECI-ASEC H 330 
H"0 H 3*0 

35                II-l H 350 
C H 360 
C         SET ENTRY IN 0TIM(M,1» AND TIHE OF ENTRY IN 0TIrt(M,2)            H 370 
C H 380 

00 M I"5,NN,2 H 390 
■..)                                           IF   (IUR0( II .NE.ITTAGt   GO   TO   <tC H <i00 

N»MU H *lu 
IT.HILSEC(IUR0( I-ll ) H <i20 
DTiniNflial H 430 
0TIM(K,2).ST*FLnAT( in/100C. M «t'tO 

«tS                                        IF   (IT.61.HAST)   GO   TO  30 H «,50 
0TI«(M,2).DTIM(«,2)+l. H 460 
$T«^m. H 470 

30           UAST«IT H 480 
40          CONTINUE H 490 

50                           C H 500 
C                        NUND   •   NUMBER   OF   VALID ENTRIES   IN   ARRAY   OTIH                                                     H 510 
C N 520 

NUHD-M ri 530 
END H 540- 

l                                           SUBROUTINE   TTINE   ( I TOTHR, I TUThI N, ITQTSEC. T T«) I 10 
C              ..,......«.>>•.•>>•»•.••.•>•»•<••<<•«»•»««*>»'•»<»»«»••,*••*«•«••• [ 20 
C                     THIS   SUBSOUriNt    EXTRACTS   THE   ENO   TIME   OF   THE   SIGNAL      »»••♦»♦♦»• I 30 
C                        RECORD   FROM   THE   LAST   48   BITS          ♦♦♦♦*♦♦♦♦♦♦»♦«»»•♦♦♦»♦»•♦♦*»•» I 40 

5                           r             ****************************************************************** I 50 
COMMON   ITYPE,NUMSR>               I 0 ATA ( 512 ) > ITTAd ID AT AG ( 201 t I ST WD, I WO, 60 

2 CALS&(2001,CÄLMV(2C0),CALSE<Z0,2),IriED(90l,TIMl(90»,TIM2(90)» 1 70 
3 NUMHD,lH0TYP.DTIM(5CO»2),NUMO,0ELDB(2O».HD2,IXX,I»*0AR.NünRNG, I 80 
4 RDRNGn,201,ALTAC,DAYS,DAY»,ISTDAT,RaSTT.ANTHTt20l,RtF(20». I 90 

10                                        5      fRE0(20I.IM(JLT t 100 
COMPLEX   REF 1 110 
NW01-78 
I«URD(2I 
MW02«17B 

15                                           MWD3-3B 

IF   DAY   EOUAL   START   DAI    PLUS   1       SET   DAY   •   I   TO   ADD 
C 24X3600   SECONDS    TO   TOTAL   TIME 
C 

20 IF   (DAYS.£Q.II   GO   TO   10 
IU0Y.AN0(SHIFT(IWfi0<II,-6l,MWD21 
ITDY.AND(SHlFI(IWR0<n,-10l ,M|,D2I 
IH0Y.AN0(SHlFT( IHRDUI,-14|,MWD3I 
nAY.IUDY*ITOY»10»IHDY*100 

25 IF   (I0AY.E0.ISTDAT*1I   OAYS-l.C 
10 ISFC»ANO(IWRD(l«ll,MWD2l 

ITSlC«AN0(SHIFT(IWR0(I»ll,-4l,MW01l 
IintSEC-ISEC*10*!TSEC 
IMIN»ANO(SHIFT(IW«0(I«11,-71,MW021 

30 1TMIN»AND(SHIFT(IWR0(I*ll,-llI,MWD1I 
ITQTMINMMIMnOMIMIN 
IHR>ANn((URD(II ,HW02l 
ITHR»*N0(SHIFT«IWRD{I1,-4 1,MWD3I 
1TOTHR«IHR»10»ITHR 

3 5 TTM.ITOTHR»3600«ITOTMIN»60»ITCTSEC»FLQAI(MILSEC(IWRO(l»2lll/10)ü.. 
n*YS*24.0*3600.C 

RETURN 
END 

1 SUBROUTINE   lOFUN(ICR) 
DIMENSION   ICR(8I, ICHAR(117I.ICH(IC1 
INTEGER   SSCRIP 

COMMENT 
5 COMMENT 

COMMENT "SSCRIP" 
COMMENT EXTERNAL   FUNCTION   TO   SECURE   TABLE   SUBSCRIPT 
COMMENT TO   OBTAIN   DISPLAY   CODE   EOUIVALENT   OF   AN   EBCDIC   CODE 
LOMMENT 

10 COMMENT THE   FOLLOWING   TABLE   DESCRIBES   THE   RELATIONSHIP   BETWEEN 
COMMENT ALPHANUMERIC   ICHARACTERS,   THEIR   EBCDIC   CO0E(    IN   BOTH  OCTA 

I 

m \ 
! 140 

160 
I 170 
I 180 
1 190 
I 20Ü 
I 110 
1 1 ! 
1 ZJO 
1 250 
i 260 
! i;70 
I Ig I 
I 300 
I m 1 
1 3 30 
! ■.to 
1 350 
I 360 
I 37u 
1 380 

J 10 
i <fO 
J 
J it 
J »0 
J 

1 »8 
J 50 
J 90 
J 100 no J 
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XI 

?o 

?» 

30 

3? 

*0 

*5 

?0 

55 

60 

65 

70 

75 

80 

COHMENT 
COHHEMT 
COMHENT 
CONMENT 
COMHENT 
CONNENT 
COMMENT 
COMHEMT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COHMtNT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
COHMEKT 
COMMENT 

AND DECIMAL FORM)» INTERNAL DISPLAY CODE (OCTAL)« AND 
THEIR ORDER NUMBER MITHIN "CICHAR" ARRAY... SORT IS BY 
1R0E» NUMBER. 

ORDER   KHAR   EBCDIC   DEC   OSPC ORDER   ICHAR   EBCDIC   DEC   DS 

l) • m ti ü 1 ) 
♦ \\\ 

76 
80 

52 
S5 

28 I 133 91 53 
29 i n*. 92 *7 
33 — Ug 96 <.6 
3<i 1 Ui 97 50 

«.5 \ jl Ml 8 
6C ■ 173 123 5<. 
ftl A 301 193 01 
62 3 X9'. 02 
63 C 303 X95 03 
6<. D 30«. 196 O*. 
65 E 30'J 197 05 
66 F w 198 

199 
C6 

67 S 07 
68 H 

I 1 200 
201 H 

77 
76 

J 
K \\\ 

209 
210 

79 L 323 
?1? tl 80 M 32* 

w I 
85 
9«, 
96 
96 
97 
98 
99 

100 
101 
108 

09 
10 

1 
._2 
113 

5 
6 

117 

w 
w 

325 213 
326 2l4i 
327 215 
330 216 
331 217 
3*2 226 
3*3 277 
3** 228 
3*5 229 2b 
3*6 230 27 
3*7 231 
350 232 
351 233 
36d 2*0 
361 2*1 
362 2*2 
363 2*3     36 

37 

16 
17 
20 
21 

23 
2* 

> 

30 
31 
32 
33 
3* 
35 

36* 2** 
365 2*5     *0 
366 2*6     *1 
367 2*7 
370 2*8 
371 2*9     ** 

x\ 

DA 

OMMEM 
OMMENT 
CIMMENT 
OMMENT 
OMMENT 
OMMENT 
OMMENT 
OMMENT 

ALL   CICHAR   ELEMENTS   NOT   USED   ARE   SET   TO   \ 

TA   ICHAR   /   1H   ,10»1H\,1H.,1H),3»1H\,1H»,19*IH\.1H$,1H*,3*1H   , 
lH-»lH/,9»1.H\,lH»,lH(,I**lH\.lH«,lHA,lHB,lHC»lHi5.1HE.lHF»lHG. 
iHH.iHI.7»l.n»lHJ.lHK»lHL.lHM,lHN,lH0f IHR.lHQ.lHRiSMHVflHS» 
lHT>lHU«lHV«1HW»lHX«lHY>lH2t6*lH\>lH0«lHl>lH2>lH3tlH*>lH5>lH6> 
1H7>1H9,1H9   / 

IN   ADDITION,   THE   FOLLOWING   ARE   INCLUDED   I I   PROVIDE   029   KP 
COMPATIBILITY.... 

ORDER   ICHAR   EBCDIC   DEC   OSPC ORDtR   ICHAR   EBCDIC   DEC   OS 

10 

0 
00 

1* t 115        77      51 30 ) 135 
15 ♦ 116        78     *5 59 • 176 ********************************************* 

KK«2 
oo 20 j>ue 
DO   10   I*l>10>2 
KK»KK»1 
ITP«IWRO(KK) 
H2"ANp( ITP,377BI 

3»AN0(SHIFT{nP,-8),3778) 
ICH(I)-ICHAR(SSCRIP(IT3)) 
ICH(I»l)«ICHAft(SSCRIPtIT2)) 
FNCOOidO, 100. 11 Ml ) ( H:H( 11. !•! . 10) 
ICR(J)»IFHT 
CONTINUE 
FOPMATl10AI) 
END 

93 
126 

5? 
5* 

120 
130 

\\l 
16Ü 
170 

J 180 

y 
250 
260 
270 
280 
290 
300 
310 
32Ü 
330 
3*0 
3 50 m 
38C 
390 
*00 
*lb 
*20 
*30 
**0 
*50 
*60 
*70 
*80 
*90 
500 m m 
»5C 
560 
570 
5b0 
590 
6C0 
610 
620 
630 
6*0 
650 
660 
67C 
680 
690 
7CÜ 
710 
720 
730 
7*0 
750 
760 
770 
780 
790 
800- 

FUNCTION MILSEC(I) 

THIS   FUNCTION   SETS   THE   MILLISECONDS   FROM   THE   12   BIT  DECIMAL   CODING 

K«17B 
MILSEC«AND( WK)nO*AND(SHIFT(I»-*),K)nOO*AND(SHIFr(I>-8).K| 
ENO 

10 

30 

i 

5 

10 

1 

5 

INTIGER   FUNCTION  SSCRIPIII) 

THIS   FUNCTION   IS   USED   TO   FIND   THE   INDEX   IN   ICHAR   OF   IOFUN 

i»n 
If    (I.GT.2*9.aR.I.LT.6*)    1-65 
SSCRiP.I-63 
IF   ?S5QRI?'EQ.63).SJCRIP;59 

40 
IF   <SSCKIP.0T.129)   SSCRIP-SSCRIP-69 
ENO 

SUBROUTINE   PAMS   (VAO,VED,IR,TA,TE.VH,VP.VR ) 
^^t^^At **************************** ****^*** ********* *************** 

THIS SURRQUIINt CALCULATES THE DEPRESSIDN ANGLE AND ASPECT ♦♦♦♦ 
ANGLE OF THf A/C. DOCUMENTATION OF THE EQUATIONS CAN " 
FOUND IN RA0C-TR-7*-17* PAMS AIRBONRE INSTRUMENTATION 

\\ 
30 
*0 

MO 
90 

100- 

M 10 
M 20 
M 30 
M *0 
M 50 

250 



10 

15 

20 

25 

30 

35 

*0 

«.5 

50 

95 

60 

65 

TO 

75 

»0 

18 

n 

f AN 
I 

TR 
TE 
T» 
VH 
VP 
VR 

V£ ii 
RE vn 
VP1 
VV2 

***** 
CO 

AGE 127    ♦*♦»*♦♦* 
S »HS COORDINATC TR 
NPDTl      ♦*♦****♦ 
> TRACKER RANGE TO 

TRACKER ELEVATION 
AZINUTH 
HEADING 

OU 

TRACKER 
VEHI;.:I£ 
VEHULE PITCH 
VEHICLE ROLL 
TPUTi 
VEHICLE 
VEHICLE 
RADIUS OF 

******* 
ELEVATION 
AZ11UTH 
" SPHERE 

FIRST YAW ANGLE 
FIRST PITCH ANGLE 
SECOND YAW ANGLE 
***************** 
ECTION FOR lAGNET 

***** 
ANSFE 
***** 
VEHIC 

** 
i*** 
**** 
**** 
**•* 
***** 

( TO 

HAVIN 
***** 
(COM 

JCOMP 
***** 
IC VA 

********************** 
« EQUATIONS ♦♦•*♦****• 
********************** 
LE IN METERS ♦♦*♦***♦• 
********************** 
********************** 
********************** 
♦♦**♦»*♦****♦♦*♦*♦»»♦♦ 
********************** 
♦***♦♦*»****♦***»»»*** 
SITE I *********t** 

************ 
G EARTHS VOLUHk IN NET 
********************** 
PUTEDI **♦*»**♦«»»♦* 
UTED) ************** 
********************** 
RIATIQN 

*************** 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
ERS  ♦♦ 
******* 
******* 
******* 
******* 

VH.VH*15. 
If (VH.GT.3b0.l VH*VH-360 
DTR».017*5379252 
RE«6361696.42l 
yH>VH*DTR 
TE"tt*DTR 
TA«TA*OTR 
VP«VP*DtR 
VR>VR*DTR 
R180>180.*0TR 
R360»36O.*0TR 
RORE»TP/RE 
SE«SIN{TEI 
CE«COSITEI 
SA.SIN(TA) 
CA.COS(TAI 
H-RE*(S0RT(l.»R0RE*(RQRE*2.*Sni-l.) 
G»MAN.ATANltR*CE/(RE*TR*SEn 
CGN>C0S(GANAN) 
SGN>SIN(GAHAN) 
?P1»-GA«AN 

F   (TA.GT.R180I   GO   TO   10 
A1*TA 

GO   TO   20 
TA1-R360-TA 
STAl-SINITAl) 
CTAl-COSdAU 
VB-ATAN2(STA1,(.6975275»SGM-CGN»CTAII1 
IF   (TA.LE.RISO)   GO   TO   30 
VH1"R180-V8 
GO   TO   40 
VH1-VB-R180 
VY2»VH1»VH 
X0«-TR»CF 
Y0«0. 
ZO-TR*SE 

ROTATION   SEQUENCE   IS   VPI.VY2»VP.VR      *************** 

CPl-COSIVPl» 
SBl'SINCVPlI 
CY2"COS(VV2l 
SY2«S|N(VY?I 
CP«COS<VP) 
SP'SIMVP) 
CR•CQS(VR, 

SR«SIN(VR) ******************************************************** 
XV»XO*!CI,^{Y2*C|,-Sl,l*$'>*1fO*SY2*CP-ZO»(SPl»CY2*CP*CPl*SP» 
YV.XC»(CP1*CY2*SP*SR-CP1»SY2*CR*SJ(1»CMSR>*YJ*JSY2*SP*SR*CY2* 

.0»(SPl*CY2»SP*SR-SPl»SY2»CR-CPl*CI»»SRJ 
ZV«XO*<CPl»CY2*SP*CR»CPi*SY2*SI»*Sri*CP*CR)»Y0«(SY2*SP«CR-CY2*SRI 

"^1»CY2*SP*CR*SP1»SY2*SR-CP1»CP*CR» 
xy) 
.SORT(XV*XV*YV*YVn 

CRI-Z 

rAN2(YV. 
rAN2(-ZV 
/A/OTR 
/AD.LE.0.01   VAD-VA0O60.0 
/E/OTR 
IM 

to 
70 
80 
9U 

100 
110 
120 
i30 
1*0 
15C 
160 
170 
180 
190 
200 
210 
220 
230 
2<i0 
250 
260 

M 270 
H 263 

290 
sua 
310 
320 
330 
3<iJ 
350 
360 
-170 3] 
38C 
390 
<.00 
«.10 

n  420 
« 430 

440 
450 
460 
4 70 
480 
4 90 
500 
»10 
520 
530 
540 
450 
560 
570 
580 
J90 
600 
610 
^20 
630 
64C 
650 
660 
670 
6ac 
69C 
70C 
71C 
7?ü 
730 
740 
750 
760 
770 
7a0 
790 
800 
810 
820 
83C 
840- 

1 

9 

10 

15 

SUBROUTINE   MULTPTH   (RANG  ,ISR *************************** 
THIS   SUSROUTINE  CALCULATE ..£  CALCULA. 
RADIATION.   THE   TECHNIQUE 
FLIGHT   MEASUREMENT  OF   A/C ***************************** 

,ICKMP,D86AIN1 ************************************* 
S   THE   EFFECT   OF   MULTIPATH **•»•** 
USED   IS   DOCUMENTED   IN  THE ******* 

ANTENNA   RAOIATION  PATTERNS   REPORT   »♦ ************************************* 
COMMON   ITYPE.NUMSR, I0ATA(512»,ITTAGtIDATAG(201»ISTWO. I WO, 

1 CALSG{200».CALMV(200).CALSE(20.2),IHEO(90I.TIMi(9ül,TIM2(90). 
2 NUHHDflH0IYP,OTlM(5OO.2),NUMD.6£L69(2OlfHD2,IXX,IRADAR,NUHRN(;, 
3 R0RN0(3.2C),ALTAC.0AYS,DAYR,lST0AT.ROSTT,ANTHT(20),REFt20lr 

COMPLEX   NN,RR,RT,REF 
NN-REMISR) 
H1-ANTHT(ISRI 
TALT-ALTAC 
POL-l 
RANGE-1.149*RANG 

10 
20 
30 
40 
50 
678 

N 
u 
N 
N 
N 
N 
N 
N      80 
N      90 
N   100 
N   110 

SH8 
N 140 
N 150 
N 160 
N 170 
N ;8o 

2fl 



C     FIND CORRECT DIST 1 
20 C 

CALL DOIST tkAMGf ,Hl,T*LT,0lSTl,lCKMP,H2t>RI ) 
IF TlCKNP.EQ.l.O) GO TO «0 
*R62«Hl/(5280.0*0ISn> 

?5 C     FIND ANGLE OF INCIO/REFLEC 

m ■(ATANIARG2)) 
-S0RTJNN-C0S(SII*»2) 

30 C FUD  REFLEC   COEF   AND  ANGLE 
C 

IF   (l.O-POL)   10i.lO»20 
10 RR<(NN*SIN(Sn-RTT/(NN*SIN(S[|«RT) 

GO   TO   30 
35 20 RR-( SIN<SI)-RTI/(SIN«SI»*RT) 20 RR-( SIN<SI)-RTI/(SIN<SI»*RT) 

30 0«SORT<1.0*((2.0*DISTl)*(RANGF-0ISTl»»»2»/(RANGe*H2PRin 
RNAG»SORT(REAL(RR)*»2*AIf1A4(RR)»*2) 
PHI>AfAN2<AIMAG(RR)>REAL(RR)) 
IF   (SI.GT..2)   GO   TO   50 

*0 DTV1.0/0 

C CALCULATE   THETA 

H3»Hl-0ISTl**2/2.0 
*5 THET A-« 0.000138 5*H3*H2''RI*F RE 0<ISR »1/57. 3/RANGE 

ANGLE3«THETA-PHI 
GAIN'1.0*(OIV*RnAG)**2*2.0*DIV*RNA6*COS(ANGLE3) 
OBGAIN-10*ALOG10(GAIN) 

>>0 RETURN 
90 50 ICKNP.l 

END 

J SUBROUTINE   ODIST   (RANGE»H1,TALT.OISTl,ICKnP,H2PRI» 

C CALCULATES   DISTANCE   FROM   ANTENNA   TO   REFLECTING   POINT 
C FOR   NULTPTH 

• 
OIST1"0,0 
DH«1.«.1«.*(S0RT(H1»*S0RT(TALT)) 
IF (OH.LT.RANGE» GO TO 60 
30 10 I«l>200 

10 OISU.0.1*OIST1 
IF   (DIST1.GT.RANGE)   GO   TO   60 
H3-Hl-DISTl»*2/2.0 
H2PRI.H3*(RANGE-OIST1»/OIST1 
H2SEC»« (RANGE-OIST1)«*2»/2.<0 

15 H2TQT»H2PRI»H2SEC 
IF   (TALT.GE.H2T0T»   GO  TO  20 

10 CONTINUE 
20 DISTl-OTjTl-.l 

DO   30   I«1,U0 
20 DIST1-C.01*OIST1 

H3«H1-Disfl**2/2.0 
H2PRI«H3*(RANGE-0IST1»/0IST1 
H2SEC-((RANGE-0ISTl »♦♦21/2.0 
H2TCT»H2PRI*H2SFC 

25 IF   (TALT.Ge.H2T0T»   60  TO  «0 
30 CONTINUE 
«•0 DIST1-OIST1-.01 

00  50   1-1,100 
OISTl'O.OOUOISTl 

30 H3«Hl-DIST1^^2/2.0 

35 50 CONTINUE 
60 ICKMP-1.0 

END 

H2PRI«H3^(RANGE-DISU»/DISU 
H2SFC»<(»ANGE-0IST1)^2»/2.C 
HZTOT«H2PRl*H2SEC 
IF   »TALT.GF.H2TQT»   RETURN 
CONTINI" 

N 190 
N >00 
N 210 
N 220 

230 N 
N 2M) 
14 250 
N 26u 
N 270 
N 280 
N 290 

30C N 
N 310 
N 320 
N 330 
N J'.C 
N 350 
N m N 
N 380 
N 39^ 
N ^OO 
N <.10 
N <.2ö 
N <.3u 
N **0 
N <.50 
M SbO 
N i,7ü 
N ^SO 
N <.9(, 
N 50J 
N 510 

g 10 
0 20 
0 30 
J *0 
0 50 5 bO 
Q 70 
0 bJ 
ü 90 
J iCo 
■) 110 5 120 
0 13C 
J UO 
J 150 
J i.b<* 9 170 
0 180 
u 190 
9 201, 
J 213 
0 220 a 230 a 2*0 
L 2 to 
Ü 2fr0 
9 27x a 2B0 
0 290 
9 300 
t. no a 320 
.i 330 
0 i'.C 
.j 350 9 36C 3 370- 

2S2 



LIST OF ABBREVIATIONS AND SYMBOLS 
I 

Item 

a 

ADAP 

AFFTC 

AM 

AHS 

ARPMP 

CPU 

CW 

1) 

db 

db(L) 

dbm 

dbv; 

DFVLR 

f 

PM 

fMlIz 

GHz 

GM 

Definition 

earth radius 

Antenna Data Analysis Program 

Air Force Flight Test Center 

amplitude modulation 

airborne monitoring system 

Antenna Radiation Pattern Measurement 
Program 

central processing unit 

continuous wave 

divergence factor 

decibel 

lino loss 

P 
db above a milliwatt dbm = 10 log ( AQ-S) 

db above a watt dbw = 10 log (P ) 
\v 

German Research and Test Facility for 
Aerodynamics and Space Flight 

incident electric field intensity vector 

free space electric field intensity vector 

reflected electric field intensity vector 

resultant electric field intensity vector 

frequency 

frequency modulation 

frequency  in megahertz 

gigahertz   (109   cycles per second) 

gain due to multipath signal 

gain of  receiving antenna 

Units 

statute miles 

db 

volts/meter 

volts/meter 

volts/meter 

volts/meter 

Hi 

Hz X 10e 

db 

db 
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JL-   

Item 

GT 

g(e) 

k 

L 

MHz 

n 

NATC 

PAHS 

rv; 

Pr 

R 

R 

RADC 

RAPCON 

RF 

SAMTLC 

UHF 

VHF 

VSWR 

c 

eo 

Erl 

'r2 

e 

o. 

Definition 

gain of transmitting antenna 

earth gain factor 

factor to correct for atmospheric refrac- 
tion 

line loss 

megahertz (106 cycles per second) 

index of refraction 

Naval Air Test Center 

Precision Antenna Measurement System 

pov.'er 

pover received 

reflection coefficient 

|R| 

Rome Air Development Center 

radar approach control 

radio frequency 

ranqe 

Space and Missile Test Center 

ultra high frequency 

very high frequency 

voltage standing wave ratio 

permittivity 

permittivity of free space 1/(36TI X 10') 

relative permittivity of air 

relative permittivity of earth surface 

phase change due to path length 

conductivity 

Units 

db 

db 

vatts 

dim 

NM 

farad/neter 

farad/meter 

degrees 

mho-meters/meters2 
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Item Definition 

<t> phase change due to reflection 

•+■ grazing angle 

w frequency 

Units 

degrees 

degrees 

radian per sec 


