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ABSTRACT 

The simulation program GCAAS (General Circular Antenna Array Simu- 

lator) has been developed to simulate the output data from a circularly 

disposed antenna array (CDAA)-direction finding system under known input 

signal conditions.  The CDAA system which has been simulated is similar 

to the Wullenweber Direction Finding System at the University of Illinois 

and may consist of as many as 360 antenna elements in a circular array of 

any reasonable dimensions and simulates the outputs obtained from the array 

used in a scanning mode. 

The input signal conditions may include up to five incoming signals 

at different azimuthal and elevation angles of arrival with time-dependent 

relative phase shifts between the incoming signals.  The output consists 

of the sum, difference and differential phase data sampled at regular inter- 

vals of azimuth and stored on magnetic tape for further use in the deter- 

mination of the direction of arrival. A maximum of 100 samples of the 

output data set may be obtained from each scan. 



I.  INTRODUCTION 

This generalized simulator of a circularly disposed antenna array 

(CDAA) direction finding system has been developed to satisfy the need for 

a means of producing simulated system output data, under known input con- 

ditions, to be used in future studies relating to the different methods for 

direction of arrival calculation. As a consequence of the general nature of 

the simulator, it may also be used in studies related to the construction 

and operation of the CDAA system. 

The system outputs simulated are the scanning mode sum, difference, and 

differential phase information; it is possible in this simulator to produce 

these outputs corresponding to a series of related time-dependent scans. 

The primary needs for this simulated data are for use in: 1) development of 

a difference method for direction of arrival calculation, 2) a study of the 

presently used sum and differential phase methods for direction of arrival 

calculation, and 3) a comparison of the three methods for direction of arrival 

calculation. 

The known input conditions this simulator has been designed to handle are; 

1) Single input signal. 

2) Multiple input signals from the same source (wave interference). 

3) Amplitude modulation of the signal. 

4) Addition of random noise to the signal. 

The individual signal conditions which comprise the total input signal 

conditions are to be specified (for each input signal) by azimuthal and 

elevation angle, relative amplitude, initial reference phase and a time" 

dependent reference phase shift. 
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II.  THE PHYSICAL SYSTEM 

The CDAA direction finding system to be simulate 1 is similar to 

the Wullenweber Direction Finding System at the University of Illinois. 

The array consists of a number of identical folded vertical monopole 

antenna elements, mounted on a ground mat, evenly spaced around the cir- 

cumference of a circle. Within this circular array and concentric to it 

is located a vertical reflecting cylinder of a height somewhat greater 

than that of the antenna elements. The output of each antenna element 

is connected by a matched cable to a multicoupling device; each cable 

has the same electrical length. Each multlcoupler is a wide band ampli- 

fier with a gain of unity and several outputs with the same output signal are 

available at each of the multlcoupler outputs.  (Refer to Figure 1.) 

One output from each multlcoupler ^.s fed into an electro-mechanical 

scanner. This scanner selects a group of consecutive antenna elements to 

produce a number of scanning element voltages. These scanning elements 

have the same angular spacing as the antenna elements and are subdivided 

Into a right and left bank, each of which has the same number of elements. 

Midway between the two banks is a plane of symmetry referred to as the 

boresight. The scanner Is also set to rotate at a constant speed in the 

clockwise direction. Thus, the scanner Is continually selecting new 

antenna elements to produce the scanning element voltages as the boresight 

moves to the right.  (Note: The clockwise direction is referred to as 

the right and the counter-clockwise direction as the left.) 

The right and left scanning elements are connected to the Inputs of 

two identical sets of delay lines, one set for each bank. The effect of 
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Che addition of the delav lines Is to make the delayed scanninp, element 

voltages, for an incoming signal arriving at a particular elevation 

angle of arrival known as the cophasal angle, appear to be the same as 

the element voltages that would be received from a linear array of verti- 

cal antenna elements rotating about a vertical axis at the center of the 

array. 

The outputs of the delay lines are tied to identical summing net- 

works, one for each bank. These summing networks perform the phasor 

addition of the delayed scanning element voltages that are the inputs to 

the network. The outputs of the summing networks are the right and left 

bank voltages. 

It is from these two bank voltages that the system outputs are ob- 

tained. Feeding the bank voltages into the hybrid network, the sum and 

difference voltages are obtained; feeding the bank voltages into the 

phase meter yields the differential phase data. 

The ayatem produces continuous analog data,but for acquisition and 

storage of the data in a digital format the data must be in a discretelv 

sampled format. The data acquisition system performs the necessary sam- 

pling and analog-to-digital conversion to put the output in a format suit- 

able for tape storage. 

The data acquisition system is activated by the position of the 

scanner boresight. Once the acquisition system is activated, the sum, 

difference,and differential phase data are sampled and converted from 

voltage level to digital representations and stored on magnetic tape. 

The activation settings in the scanner are such that a given number of 

sample points per scan is taken with   equal angular intervals between 

the boresight positions for consecutive sample points. The entire angu- 

lar interval over which the sample points are taken is referred to as the 



sampling window.  The window la always leas than 90c and the center of 

the window has been designated the sector center. 

It is from a later analysis of the Information stored on the magnetic 

tape that the direction of arrival is calculated. 

L 
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III.  MATHEMATICAL MODEL OP THE SYSTEM 

The model of the CDAA consists of NOA antenna elementa located out- 

side a reflecting cylinder of radius A with the distance from the antenna 

element to the reflecting cylinder surface equal to D. 

In the model, an antenna element, cable, and multicoupler are con- 

sidered   one unit.  Since all or the cables are of the same electrical 

length and the gain of each multicoupler is unity, the outputs of the 

multicouplers are taken to be the same as the outputs of the antenna 

elements to which they are connected. The phasor voltage output cal- 

culations used for the vertical folded monopole antenna elements, 

2 
excited by a single signal are basically the same as those used by Jones. 

These calculations have been expanded for multiple signals (wave inter- 

ference) by the addition of a relative amplitude factor and a reference 

phase for each signal. 

Jones ' modified expressions for antenna element voltage» as modified 

for element i and signal w, are: 

Amplitude 

A<« (
*..T,» U " [cos(e„) * SIN hJLA*  COS(*. ) * C0S(6 ) } * WAMP (1) 1W   1W   W W ._   w      1W w w WL 

Phase 

Piw (*lw' öw) ■ 2Tr * A * C0S (V * C0S %*>  + ^w  (2) 

WL 

where 

WL - Wavelength of the signal, calculated from the carrier frequency 

FREQC (in MHz) as WL - 299.8/FREQC 

A - Radius of the reflecting cylinder in meters 

D - Antenna element to reflecting cylinder distance in meters 

         ■ ■ ■ ^M 
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(£.  =  Difference between the azlmuthal angle of the antenna element 
Lw 

i and the angle of arrival of signal w 

6 - Elevation angle of signal w 
w 

WAMP =   Signal w relative amplitude factor 
w 

WPHL =   Signal w reference phase factor- 
w 

Figure 2 shows the geometry that relates these terms and Equations (1) and (2; 

For the multiple input signal conditions the antenna element voltage, 

by superposition, is taken as the sum of the voltages excited by the 

individual signals. Since summations are more readily carried out in 

Cartesian coordinates rather than polar coordinates, the phasor voltages, 

which are excited by the individual signals, are converted from polar 

to Cartesian form and summed over the individual incoming signals to 

give the antenna element voltage. Thus for n incoming signals the com- 

plex antenna element voltage, for element i, is computed as: 

REi = tl  [Aiw (*iw' V * C0S (Plw (W ew))] (3) 

IMi " ll CAlw (*iw' V * SIN (Piw (*iW 9w))]- (4) 

The superposition principle is also used to add the effect of the 

time-dependent phase shift, for the Individual signals, to the antenna 

element voltage. The antenna element voltage is recalculated for the 

Time T by adding a phase shift voltage, for each incoming signal, to 

the element voltage at time To. Thus for element i at time T, and n 

incoming signals, the element voltage is recalculated as: 

REi(T) " ^KTo) + [Aiw (hv*   %)  * (C0S (pA2)-C0S(PAl))]  (5) 

IMi(T) ' IMl(To) + [Aiw ^iw' V * (SIN (pA2)-SIN (PAD)]. (6) 

where 
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PAl - P   (4)  , w) -t- Time Dep phase ahllc at To, lor signal w  (7; 
Iw  lw 

PA2 - P  U  , w) + Time Dep phase shift ai  T, for signal w.  (8) 
iw  lw 

For the calculation of the time dependent phase shift and 'he 

amplitude modulation of the incoming signals,it is necessary to compute 

simulated time. This simulated time has as its basis the rotation of 

the scanner.  The scanner rotates once every SCANT seconds and if DEC 

la the angle of rotation of the boresight since T*0, then the simulated 

time T may be given by: 

T - SCANT * (DEG/360) (9) 

Where PST is the amount of phase shift per scan for signal w, 
w 

Equations (7) and (8) become 

PAl = P,  0. , 9 ) + PST * (To/SCANT) (10; 
iw ^iw' w     w 

PA2 - Piw (4iw, ew) + PSTw * (T/SCANT) • (11) 

The scanner consists of NAS b«.  .ing elements with NAS2 - NAS/2 

elements in each bank. The scanner will be set to take ISAM sample 

points per scan; the interval between the boresight for consecutive 

sample points in the scan is SAMI. The sector center is set at SECT 

and the width of the sampling window will be WIDTH - (ISAM-1) * SAMI. 

The scanner reactively couples the scanning elements to the antenna 

elements to produce the scanning element voltage. The scanner is of 

such a nature that its coupling can be simulated by a direct (maximum 

to zero) relationship with the displacement of the boresight. When the 

scanning elements on the rotor are aligned with the antenna elements on 

the stator (or in other words, the boresight is exactly midway between 

two antenna elements), the scanning elements will have the same voltages 

as the antenna elements with which they are aligned and the adjacent 
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antenna elements will have no effect upon the scanning element voltages. 

As the rotor elements move out of direct alignment with the stator 

elements, the acanning element voltages will be taken as the sum of the 

effects of the two adjacent stator element voltages.  (See Figure 3.) 

Consider a stator element 1 which is to the left or aligned with the 

rotor element i and the stator element r which is the first stator element 

to the right of element 1. The displacement between adjacenr stator 

elements is ANOA - (360/NOA) and if the displacement between stator 

element 1 and rotor element i is CDEL, the scanning element voltage will 

be taken as: 

SRE - [ARE. * (AN0A-CDEL)/AN0A] 
1      1    +[ARE * CDEL/ANOA] (12) 

SIM - [ AIM1 * (ANOA-CDEL)/ANOA] 
+[AIM * CDEL/ANOA]  . (13) 

Since the scanner coupling is linearly related to displacement, 

It is possible to have sampling intervals which may have values other 

than multiples of an antenna spacing interval. 

In modeling the system, the addition of signal amplitude modulation 

and random noise signals is most effectively .done at the time the 

scanning element voltages are calculated. The amplitude modulation 

Is added by multipling the antenna element voltages by an amplitude 

factor calculated for the sample point of interest at that time, where 

it is considered that the sampling time is  relatively short in com- 

parison to the modulation period. The percent modulation is defined as 

PCAM and the modulating frequency is FREQM (in KHz). Using the simulated 

time T, for the sample point of interest, the amplitude modulation fac- 

tor is: 
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AMS - (1-PCAM) + PCAM * C0S(2T * FREOM * 1000 * T) .        (14) 

The noise signals are produced by the use ot a random number generator. 

The random noise voltage (.ANRE, ANIM) added to the antenna element 

voltages when the scanning element voltage is calculated, la determined 

by multipling the relative noise level amplitude AN01SJ by successive 

real numbers supplied by apseudo- random number generator. With the 

addition of amplitude modulation and random noise signals, Equations 

(12) and (13) become 

SRE - [(AMS * ARE1 +  ANRE^ * (ANOA-CDEL)/ANOA] 

+[(AMS * ARE + ANRE ) * CDEL/ANOA] (15) 
r     r 

SIM - [(AMS * AIM + ANIM ) * (ANOA-CDEL)/ANOA] 

+[(AMS * AIM + ANIM ) * CDEL/ANOA]. (16) 

The delays which should be introduced by the phase delay lines are 

calculated from the antenna array geometry; for these calculations it is 

assumed that the scanning elements are aligned with the antenna elements 

around the circumference of the array  The phase delay that will be 

introduced for element i, which is 1 elements from the boresight, is 

directly proportional to the distance of signal propagation, along the 

boresight, fi-om element i to the furthest element from the boresight, 

where the signal azimuthal angle of arrival is taken as the boresight 

setting. This distance can be realized as: 

A * COS (CPHI) * (C0S((i-l) * ANOA + AN0A2) 
-COS ((NAS2-1) * ANOA + AN0A2)) 

where AN0A2 • AN0A/2 and CPHI is the cophasal or assumed elevation angle 

of arrival.(See Figure 4.) The phase delay is then determined in radians 

as:  PDELAY - (2z * A/WL) * COS (CPHI) * (C0S((i-l) * ANOA + AN0A2) 
-C0S((NAS2-1) * ANOA + AN0A2)) .      (17) 
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In modeling the system It is possible to combine the addition of 

the phase delays to the scanning element voltages and the operation of 

the summing network so that the bank voltages may be calculated directly 

from the scanning element voltages.  The phase delays are added to the 

scanning element complex voltages, to obtain the delayed scanning ele- 

ment complex voltages, as if the phase delays were a rotation of the 

axes in &  Cartesian coordinate system. The summing network, as the name 

implies, produces the complex voltage for the bank by computing the 

complex sum of the delayed scanning element voltages. Thus the combined 

effect of the delay lines and the operation of the summing network will 

determine the bank voltage as: 

NAS2 
SUMI = I [SIM, * COS (PDELAY ') - SRL. * SIN (PDELAY ) ]    (18) 

1=1     i 11 1 

NAS2 
SUMR = I [SIM, * SIN (PDELAY.) +SRE. * COS (PDELAY,)] .   (19) 

i«!     i 1    i i 

The system outputs are obtained as the outputs of the hybrid net- 

work and the phase meter with the right and left bank voltages used as 

the Inputs. 

The outputs of the hybrid network are the complex sum and difference 

of the bank voltages; the magnitudes of these two complex quantities are 

the sum and difference data outputs for the system. These two operations 

are carried out as: 

DATAST * SQRT ((SUMRr + SUMR^ ** 2+(SUMI + SUMI.) ** 2)    (20) 

for the sum data, and 

DATADT - SQRT ((SUMR - SUMR^ ** 2+(SUMI - SUMI.) ** 2)     (21) 

for the difference data. 

The differential phase measured by the phase meter provides the 
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differential phase data output and is computed as 

DATP = AIAN2 (SUM! , SUMR ) - ATAN2(SUMI1> SUMR.) 
r     r 11 

(22; 

Where ATAN2 is tan~  (SUM1/SUMR) defined from -180 to +180 degrees. 

In modeling the system on a digital computer the function of the 

data acquisition system has been simulated, as the output is already 

in a digital form and can be stored on magnetic tape in a digital for- 

mat,  it should be noted that in modeling the system the relationship 

between the position of the scanner boreslght and the simulated time, 

for a given sequence of scans or sample points, is the same as the re- 

lationship between the position of boreslght of the physical system and 

real time, for the same sequence. 

I 
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IV.  THE SIMULATION PROGRAM - OPERATION OF SIMULATION 

The simulacion program has been named GCAAS, standing for General 

Circular Antenna Array Simulator,  A iibting of thla program is contained 

in Appendix A of this report 

In an attempt to lacilitate a rapid understanding of the basic 

operation of the Simulation Program, the program has been reduced, in 

Reduced Program listing number one, to the basic control statements and 

input operations and, in Reduced Program listings two thru eight, to 

the FORTRAN statements used in realizing the mathematical model of the 

system. These reduced program listings are contained in Appendix B of 

this report. All of the other program operations, which are not In- 

volved in simulation calculations, have been represented in the reduced 

listings as blocks. 

Before explaining the operations of the program, it will be helpful 

to define certain variables and constants used in the program. 

Reference Numbers 

SETNUM is the number used to identify a given data set on the output 

data tape, where a data set is the output data stored on the tape for 

one execution of the program. 

IRUN is the number used to identify a given data run, which is one of 

the NRUN data runs in the data set and where a data run is one simulation 

of a given antenna array under specified input and system operation 

conditions, 

1WAVE is the number used to identify a given incoming signal condition, 

where there are NWAVE incoming signals in the data run. 

I.S is the number used to identify a given scan, where there are ISCAN 
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scans in the data run 

IP is the number used to idtmuy a given sample point, where there are 

ISAM sample points in each s:an of the data run 

IANT IS the antenna element reference number, where element number one 

13 detmed as being at an azimuth ot zero degrees and the rererence 

numbers increase in the clockwise direction up to element number NOA, 

which is the first element to the left of element number one 

IAW is the number of elements an antenna element is located away from 

a given incoming signal azimuthal angle ot arrival. (See Figure 4). 

ISE is the scanning element reference rr-.^ber, where element number one 

is the element closest to cheboresight and element number KAS2 is the 

furthest element from the boresight. 

IDIR is used to specify if IAW or ISE is to the left (=1) or the right 

(=2) of the azimuthal angle of arrival or the boresigh^ respectively. 

It is also used to distinguish between the left (=1) and right (=2) 

scanning banks. 

K is the reference number of the antenna element to the left of a given 

Incoming signal azimuthal angle of arrival, 

KC is the reference number of the antenna element to the left of the 

first scanning element in the left scanning bank for a given sample 

point. 

IL is the reference number of the antenna element to the left of scanning 

element ISE for a given simple point- 

IR is the reference number of the antenna element to the right of scanning 

element ISE for a given sample point 
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Natural Constants 

VEC is the velocity of propagation (•299.8 meters/microsecond). 

PI is set equal to the value n (•3 . 14159265). 

TWOPI is set equal to the value 2n. 

CONRAD is the radian to degrees conversion factor (•360/2n). 

Input Variables 

!TAPE is the tape drive number (•1, 2, 3) on which the output data tape 

is mounted. 

MODE specifies if a new (•1) or ~ld (•2) output data tape is being used. 

~ is the number of data runs in the data set. 

NOA is the number of antenna elements in the array for a given data run. 

A is the reflecting cylinder radius (in meters) for a given data run. 

D is the reflecting cylinder to antenna element spacing (in meters) for 

a given data run . 

NAS is the number of scanning elements for a given data run. 

CPHI is the cophasal angle (in degrees) for a given data run. 

NWAVE is the number of incoming signals for a given data run. 

FREQC is the carrier frequency of the incoming signals (in MHz) for a 

given data run. 

FREQM is the amplitude modulation frequency of the incoming signals (in 

KHz) for a given data run. 

PCAM is the amplitude modulation factor for the incoming signals 

(0 ~ PCAM ~ 1.0) for a given data run. 

~ is the relative RMS amplitude for a given incoming signal condition. 

WPHI is the reference phase (in degrees) for a given incoming signal 

condition. 

AZM is the azimuthal angle of arrival of a given incoming signal 

(0 ~ AZM < 360 degrees) . 
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ELEV Is ehe elevation angle of arrival lor a given incoming signal 

(0 * ELEV < 90 degrees). 

PST is the time-dependent reference phase shitt per scan (in degrees) 

for a given incoming signal condition. 

ANOIS is the relative RMS value of the noise signal, 

RN Is the starting number for the pseudo-random number generator. 

(Set RN-0 for normal operation.) 

SECT is the sector center (0 <.  SECT <  360 degrees)  for a given data run. 

SCANT is the time taken to make one complete scan (in seconds)  for a 

given data run. 

ISCAN is the number of scans in a given data run. 

ISAM Is the number of sample points in each scan for a given data run. 

SAMI is the azimuthal angle between the boresight setting for two conse- 

cutive sample points in a scan (in degrees, 0 SAMI * (ISCAN -1)<360 

degrees) for a given data run. 

For the input formats of these input variables see the program forward 

of the F^mulation program GCAAS. 
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The Basic Operation ot ehe Program- 
Reduced Program Listing Number One 

The first necessary operation, after defining the natural constants 

(VEC, PI, TWOP1 and CONRAD) and setting the data run reference number 

IRUN to zero, is to input the program operation variables (NRUN, 1TAPE 

and MODE),  Once ITAPE and MODE are known, then the output data tape 

can be properly positioned and SETNUM can be determined for the present 

execution of the program. 

After the output tape has been positioned and SETNUM has been de- 

termined, the calculations for the first data run are begun by first 

incrementing the data run reference number by one, IRUN-IRUN + 1.  It 

should be noted at the outset that the antenna array information (NOA, 

A, D, NAS, CPHI), the general signal information (NWAVE, FREQC, FREQM, 

PCAM), the noise signal information (ANOIS, RN) and the scanning opera- 

tion information (SECT, SCANT, 1SCAN, ISAM, SAMI) are all input once for 

the data run,and the incoming signal conditions (WAMP, WPHI, AZM, ELEV, 

PST) are input NWAVE times for the data run. It is necessary to re- 

supply all the input information for each data run in the data set, even 

if certain input variables are to be the same for different data runs 

in the data set. 

The sequence of operations for the data set, after incrementing 

IRUN by one is: 

1) Input the antenna and general signal information. 

2) Calculate the phase delays for the delay lines . 

3) Input one incoming signal condition. 

4) Calculate the antenna element voltages for the given signal conditi 

5) Return to 3 until the calculations for all of the incoming signal 

ons' 
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conditions have been compieLed 

6) Input the noise signal and scanning operation information. 

7) Define the scan number IS and initialize the simulated time for the 

scan. 

8) Define the sample point number IP and determine the boresight setting 

for the sample point. 

9) Increment the simulated time by the time difference between sample 

points and determine the amplitude modulation factor from the sim- 

ulated time. 

10) Perform the time-dependent phase shift calculations for the sample 

point. 

11) Calculate the scanning bank voltages for the sample points. 

12) Calculate the output data fox the sample point. 

13) Return to 8 until all of the calculations for all of the sample 

points in the scan have been completed. 

14) Return to 7 until all of the calculations for all of the scans in 

the data run have been completed. 

If IRUN j« NRUN, after the calculations for the data run have been 

completed increment IRUN by one and begin the calculation for the next 

data run.  If IRUN ■ NRUN, the execution of the program is terminated. 

During the operation of the program, for a data run, several 

expressions appear several times or in operations that are repeated many 

times; in an attempt to reduce the execution time for the program these 

expressions have been reduced to constants for the data run and incoming 

signal conditions- The data run constants are defined as: 
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N0A4 - NOA/4 

NAS2 = NAS/2 

ANOA = 360/NOA 

ANOAP = ANOA/2 

WL   = VEC/FREQC 

CONST1 - TWOP1 * D/WL 

CONST2 = TWOP1 * A/WL 

CONW  - TWOPI * FREQW * 1000 The angular frequency of amplitude 
modulation 

The spacing between array elements 

One hall the spacing between array elements 

The wavelength of the incoming signals 

ANOISJ = ANOIS * .707 

WIDTH - (ISAM-1) * SAM1 

S: [  - SECT - WIDTH/2 

DELT  = SCANT * SAMI/360 

The relative RMS amplitude of the 
real and imaginary noise signals 

The width of the sampling window 

The first boresight setting in the 
scan 

The time interval between two con- 
secutive sample points. 

The incoming signal constants, used in the antenna element voltage 

calculations, are defined as: 

WPH  ■ WPHI/CONRAD      The reference phase in radians 

COSELV - COS(ELEV/CONRAD) 

COSAMP - COSELV * WAMP 

C0NE1 ■ C0NST1 * COSELV 

CONE2 = C0NST2 * COSELV . 

Both the boresight settings and the simulated time are calculated 

for the sample point from the scan and sample point reference number. 

The boresight setting can be found from IP alone, since the boresight 

settings will always be the same for each scan in a data run. The bore- 

sight setting for sample point IP is determined as: 

CENT - (IP-1) * SAMI + SIDE . 
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it should be noted that It may be necessary to correct CENT to lie 

between the limits Ü i CENT ■ 360 degrees. 

The simulated time is computed by Initializing the simulated time 

at the beginning of the scan. 

T = (IS - 1) A SCANT - DELT, and then increment   the simulated 

time by the time interval between sample points, T = T + DELT, for each 

sample point. It is interesting to note that this method of computation 

of simulated time is equivalent to: 

T - (IS - 1) * SCANT + (IP - 1) * DELT. 

Once Che simulated time is known for the sample point, the amplitude 

modulation factor is determined as: 

AMS = (1 - PCAM) * PCAM * COS (CONW * T) 

which is Equation (14).' 

Phase Delay Calculations- 
Reduced Program Listing Number Two 

The first step in the phase delay calculation is to reduce redundant 

calculation by reducing the two terms in Equation (17), which are the 

same for all the scanning elements, to two constants. These two con- 

stants are defined as: 

CONCHI - COS (CPHI/CONRAD) * C0NST2 

COSM  = COS (((NAS2 - 1) * ANOA + AN0A2)/CONRAD). 

Equation (17) is then implemented, for scanning element ISE, as: 

PDELAY - CONCHI * (C0S(((ISE - 1) * ANOA + AN0A2)/CONRAD) - COSM). 

The phase delay information is then stored as: 

COS? (ISE) = COS(PDELAY) 

SINP (ISE) ■ SIN(PDELAY) , 

•f Equation numbers refer to equations in Chapter 3. 
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since the sine and the cosine of the phase delays will be the only 

quantities used in further calculations. 

Antenna I'lement Voltage Calculations- 
Reduced Program Listing Number Three 

After the conditions have been read and the repetitive terms used 

in the antenna element voltage calculation have been reduced to con- 

stants for the incoming signal IWAVE, the antenna element voltages ex- 

cited by the given signal conditions are determined in the following 

manner: 

1) Determine the element K to the left of the azlmuthal angle of 

arrival as K = (AZM/ANOA) + 1. 

2) Determine the spacing between the azlmuthal angle of arrival 

and the first element to the left as DELK - AZM-ANOA * (K-l) 

and the first element to the right as DELKP » ANOA-DELK. 

3) For the elements to the left of the azimuth IDIR ■ 1. 

4) Set IAW = 1 for the first element to the left of the signal 

azimuth. 

5) Find the proper antenna reference number as IANT - K + 1-IAW. 

6) Determine the spacing between the azimuth and the element as 

THE = ANOA * (l-IAW)-DELK. 

7) Implement Equations (1) and (2) to find the voltage excited 

by the signal. 

8) Implement Equations (3) and (4) to find the total element 

complex voltage. 

9) For the next element to the left IAW - IAW + 1. 

10) Return to 5 if IAW <; N0A4. 

mm 
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Not that voltag s will only be excited in antenna elements up 

to one four th ot t he d 1stan~ e around the array from the 

az1muthal an le ot arr ival 

ll) For the elements t o the r1ght f the az1muth IDIR • 2. 

12) e t lA\~ • l ror the f ust. element to the right. of t.he signal 

az1m th , 

13) Find t.he proper ant.enna reference number as IANT • K + lAW. 

14) Determ1ne the spac1ng bet.ween the az1muth and the element as 

THE a ANOA • (lAW - 1) + DELKP . 

15) Implement. Equations (1) and t2) to find the voltage excited by 

the signal. 

16) Implement. Equations (3) and t4) to find the total ~lement 

complex voltage. 

17) For the next element to the right lAW • lAW T 1. 

18) Retu~ to 13 it lAW ~ NOA4 , 

It should be noted that it may be necessary to correct IANT and THE 

to fit the limits l • IANT ~ NOA and jTHE j ~0 degrees, before being 

used in any calc latior.s. 

Equat.ion (l) and 2) are implemented in the program as: 

AMP • COSAMP * SIN (CONEl * COSTHE) 

and 

PHI = CONE2 * COSTHE + WPH 

Where COSTHE is defined for the given element LANT as: 

COSTHE • COS(THE / CONRAD) 

and where COSAMP, CONEl, CONE2 and WPH are defined, in reduced listing 

number one, fo r the g1ven incoming signal , !WAVE . 



After Equations (i) and (2) have been implemented, Equations (3) 

and (4) can then be implemented, for antenna element 1ANT and incoming 

signal 1WAVE, as: 

ARE(1 ANT) - ARE (IANT) + AMP * COS'(PHl) 

and 

AIM(IANT) - AIM (IANT) + AMP * SIN(PHI). 

ARE(IANT) and AIM(IANT), the antenna element voltage variables, were 

zeroed for all NOA elements before the calculations for the first in- 

coming signal conditions were begun. 

For the implementation of the time-dependent phase shift, it will 

be necessary to store certain intermediate values from the antenna 

element voltage calculation. These values are stored as: 

WPHH(IWAVE) = 0.0, the old reference phase shift for signal IWAVE; 

PSTEP(IWAVE) = PST/CONRAD, the reference phase step per scan, for signal 

IWAVE; 

PHIH(IANT.IWAVE) - PHI, the base phase, for element IANT and signal IWAVE; 

AMPH(IANT. IWAVE) = AMP, the base amplitude, for element IANT and 

signal IWAVE, which is also zeroed before calculations for the first in- 

coming signal conditions were begun. 

Time Dependent Phase Shift Calculations- 
Reduced Program Listing Number Four 

The time-dependent phase shift calculations are carried out for 

each sample point for those incoming signals which have a time dependent 

reference phase shift, i.e. PSTEP(IWAVE) / 0. It will also only be 

necessary to carry out the calculations for those elements which have 

a non-zeto base amplitude for the given signal, i.e. AMPH(IANT,IWAVE) 

*  0. 



The first step in the calculations, for a given signal 1WAVE, is 

to determine the reference phase shift, for the present sample point at 

Simulated time T, as:  WPPH = PSTEP(IWAVFJ * T/SCANT.  The reference phases 

for the past and present sample points, Equation- (.7) and (8), are then 

obtained by adding the element base reference phase: 

PA1 - PH1H (1ANT, 1WAVE) r WPHH(1WAVE; 

and 

PA2 = PHIH UANT, 1WAVE) f WPHH . 

Equations (5) and (6) can then be Implemented as: 

ARE (IANT) = ARE(IANT) t AMPH(IANT, IWAVE) * (C0S(PA2)-C0S(PA1)) 

and 

AIM (IANT) = AIM(IANT) + AMPH(IANT, IWAVE) * (SIN(PA2)-S1N(PA1)). 

The last step in the calculation, for the given signal, is to store 

the present reference phase shift in the variable used as the old 

reference phase shift, i.e. WPHH(IWAVE) = WPPH. 

It should be noted that these calculations are bypassed for T - 0, 

because the phase shift is zero. 

Scanning Element and Scanning Bank Voltage Calculations- 
Reduced Program Listing Number Five 

Once CENT, T, and AMS have been determined for the sample point 

and the time dependent phase shift calculations have been completed, 

the scanning bank voltages are calculated in the following manner: 

1) Determine the antenna element KC to the left of the first ele- 

ment in the left scanning bank as KC - (CENT-AN0A2)/AN0A + 1. 

2) Determine the spacing between a scanning element and the first 

antenna element to the left as CDEL - (CENT-AN0A2)-(AN0A * (KC-1)) 

and the first antenna element to the right as CDELP-ANCA-CDEL. 
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3) Determine the linear displacement factor for antenna elements 

to the lef'. as CDF.LAP - CDELP/ANOA and to the right as CDELA - 

CDEL/ANOA. 

4) For the scanning elements In the left bank, IDIR - 1. 

5) Zero the bank voltage accumulator SUMI - SUMR - 0. 

6) Set ISE ■ 1 for the first element in the left bank. 

7) Find the proper antenna element reference number for the ele- 

ment to the left of ISE as IL - (KC-ISE + 1) and the element 

to the right as IR = (IL + 1). 

8) Determine the noise voltage for tne element to the left as 

ANREL, ANIML, and the element to the right as ANRER, ANIMR. 

9) Implement Equations (15) and (16) to find the scanning element 

voltage. 

10) Implement Equations (18) and (19) to find the scanning bank 

voltage. 

11) For the next scanning element in the left bank ISE ■ (ISE + 1). 

12) Return to 7 if ISE s NAS2. 

13) Store the left scanning bank voltage as: 

SUMRE(IDIR) - SUMR 

SUMIM(IDIR) - SUMI 

14) For the scanning elements in the right bank IDIR ■ 2. 

15) Zero the bank voltage accumulator SUMI - SUMR - 0. 

16) Set ISE - 1 for the first element in the right bank. 

17) Find the proper antenna element reference number for the ele- 

ment to the left of ISE as IL - (KC + ISE) and the element to 

the right as IR - (IL + 1). 
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18) Determine the noise voltage tor the element to the left as 

ANREL, AN1ML and the element to the right as ANRER, AN1MR. 

19) Implement Equations (15) and (16)  to find the scanning element 

voltage 

20) Implement Equations (18) and (19)  -o tmd the scanning bank 

voltage. 

21) For the next scanning element in the right bank ISE - (ISE + 1). 

22) Return to 17 if ISE i NAS2. 

23) Store the right scanning bank voltage as: 

SUMRE (1D1R) - SUMR 

SUM1M (1D1R) - SUM1 

Again it should be noted chat It may be necessary to correct IR 

and IL to fall in the limits 1 to NOA before they are used in any cal- 

culations . 

Equations (15) and (16) are implemented as: 

PRE - (AMS * ARE(IL) + ANREL) * CDELAP + (AMS * ARE(IR) + ANRER) * CDELA 

SIM - (AMS * AIM(IL) + ANRML) * CDELAP + ,(AMS * AIM(IR) + ANIMR) * CDELA 

Equations (18) and (19) are implemented as: 

SUMI - SUM1 + SIM * COSP(ISE) - SRE * SINP(ISE) 

SUMR - SUMR + SIM * SINP(ISE) + SRE * COSP(ISE) 

where SINP(ISE) and COSP(ISE) are the stored sine and cosine of the 

phase delay for element ISE. 

Determination of the Noise Signal Voltage- 
Reduced Program Listing Number Six and Seven 

The noise voltages are determined by making two successive calls to 

the computer library pseudo-random number generator (CALL RND(RN, RNDP)) 

and multiplying the supplied real number RNDP by the relative noise 
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voltage factor ANOISJ, where RNÜP Is from a Gausalon distribution and 

|RNDP! i 5.0.  It la necessary to determine the noise voltages for the 

antenna elements to the right and left of the scanning elements in 

different manners? for the left and right bank. 

For the left bank, since the order in which calculations are made 

for the scanning elements proceeds from right to left, the noise voltages 

ANREL, ANIML for element (1SE-1) become the noise voltages ANRER, ANIMR; 

for element ISE and ANREL, ANIML is determined by consecutive calls to 

the random number generator.  For (ISE- 1), U is necessary to make 

four calls to the random number generator to determine ANRER, ANIMR 

and ANREL, ANIML; it will also be necessary to store ANRER, ANIMR as 

ANRERF, ANIMRF since the antenna element to the right of the first ele- 

ment in the left bank is also the antenna element to the left of the 

first element in the right bank. 

For the right scanning bank, since the order in which calculations 

are made for the scanning elements proceeds from the left to the right, 

the noise voltages ANRER, ANIMR for element (ISE-1) become the noise 

voltages ANREL, ANIML for element ISE and ANRER, ANIMR is determined by 

consecutive calls to the random number generator. For ISE - 1, the noise 

voltage ANREL, ANIML is set equal to ANRERF, ANIMRF and the noise voltage 

ANRER, ANIMR is determined by the random number generator. 

Calculation of System Outputs- 
Reduced Program Listing Number Eight 

After the bank voltages have been determined, the output data are 

determined for the sample point. 

The sum data are found as the magnitude of the complex sum of the 

right and left bank voltnged, by implementing Equation (20) as: 
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SUMR - SUMRE(2) i- SUMREU) 

SUMI - SUM1M(2) + SUMIM(l) 

DATAST - SQRT(SUMR ** 2 f SUMI ** 2). 

The difference damn Is found as ehe magnitude of the complex 

difference between the tight and left bank voltage, by iiuplementing 

Equation (21) as: 

SUMR - SUMRE(2) - SUMRE(l) 

SUMI = SUMIM(2) - SUMIM(l) 

DATADT = SQRT(SUMR ** 2 + SUMI ** 2). 

The differential phase datLm is found as the difference between the 

phase of the right bank voltage and the phase Tf the left bank voltage, 

by implementing Equation (22) as 

ANGR - ATAN2 (SUM1M(2), SUMREfl)) 

ANGL - ATAN2 (SUMlM(l), SUMRE(2)) 

DATP - ANGR - ANGL . 

where ATAN2 (IM, RE) is defined over the range -180 - ATAN2 (IM, RE) 

< +180. It may be necessary to correct DATP to fall between the limits 

-180 < DATP i +180. 

■■**'—'***-~-'—~—— —    ■     
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V.  OUTPUT DATA 

The simulation program produces both a hard copy and magnetic tape 

output. 

On the first page of the hard copy, for each data run, the input 

conditions for the simulation are defined along with the data set and 

data run numbers which are used in locating the data run on the magnetic 

tape.  Succeeding pages contain the output data for each scan In the data 

run. 

After the calculations for each sample point have been completed, 

as discussed in the last chapter, the output data for sample point IP are 

stored as: 

DATAC (IP) = CENT 

DATAS (IP) - DATAST 

DATAD (IP) - DATADT 

DATAP (IP) = DATP . 

As the sample point data are being stored, the sum and difference data 

are tested to determine their maximum values for the scan; these maximum 

values are then stored as DATASM and DATADM,respectively. After all of 

the calculations for the scan have been completed, the output data for 

the scan are then printed on hard copy. 

Along with the numerical values of the output data, a fifty-one- 

point incremental line printer plot is also displayed on the hard copy. 

The sum and difference data are normalized by DATASM and DATADM respec- 

tively, and then plotted with the maximum values as the right-hand side 

of the plot. The differential phase data are plotted between the limits 

-180 degrees on the left and +180 degrees on the right hand side of the 
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plot.  The symbols used in the plot to represent the output data are: 

ft Sum 

+ Ditterence 

X Differential Phase. 

Appendix C contains the hard copy output for a sample execution of the 

program; the necessary input cards for the execution are also shown. 

The organization of the output data tape is such that each data 

set will comprise one tape file. After the file for the last data set 

on the tape,there is a terminator file which is used in the tape han- 

dling procedure. The data set file consists of a series of logical 

records, one H (or input) record for each data run followed by one S 

(or output) record tor each scan in the data run and a terminator 

file which consists of one E (or end) record. The structure of the H, 

S and E records is given in Tables 1, 2, and 3, respectively. 

The simulation program, as was noted in the last chapter, has two 

modes for tape handling operations; the first mode is used for new tapes 

and the second mode is used for old tapes to which an additional file 

is to be added. In the first mode it is only necessary to open the 

tape and position it to its beginning and then the first data set file 

is written on the tape. The second mode is used to position the tape 

to the end of the last data set file on the tape; this is done by 

searching the tape for the terminator file and then writing the new 

data set file over it.  In both modes one and two, after the new data 

set file has been added to the tape the terminator file is then added 

to the tape. The only information in the terminator file is the set 

number of the last data set file which is used in mode two to determine 

the set number for the next data set file to be added to the tape. 
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Table 1 

The input information for the data run is organized in the H record 

in the following manner: 

AREA( i) 
AREA( 2) 
AREA( 3) 
AREA( 4) 
AREA( 5) 
AREA( 6) 
AREA( 7) 
AREA( 8) 
AREA( 9) 
AREA(10) 

AREA (ID 
AREA(12) 
AREA(13) 
AREA(14) 
AREA(15) 
AREA(16) 
AREA(17) 
AREA(18) 
AREA(19) 
AREA(20) 
AREA(21) 
AREA(22) 
AREA(23) 
AREA(24) 
AREA(25) 
AREA(26) 
AREA(27) 
AREA(28) 
AREA(29) 
AREA(30) 
AREA(31) 
AREA( ) 
AREA( ) 
AREA( ) 

4H 
SETNUM 
IRUW 
NRUN 
NOA 
A 
D 
NAS 
CPHI 
FREQC 
FREQM 
PCAM 
NWAVE 
ANOIS 
RN 
SECT 
ISCAN 
SCANT 
ISAM 
SAMI 
WAMP 
WPHI 
AZM 
ELEV 
PST 
WAMP 
WPHI 
AZM 
ELEV 
PST 

H 
Set number 
Run number 
Number of runs in Che set 
Number of antenna elements in the array 
Radius of the reflecting cylinder 
Cylinder to element distance 
Number of scanning elements 

Cophasel angle 
Carrier frequency 
Modulation frequency 
Modulation factor 
Number of incoming signal conditions 
Relative noise level 
Starting Number for pseudo randum number gen. 
Sector center 
Number of scans in the run 
Time to complete on scan 
Number of sample points in each scan 
Spacing between sample points  
Relative signal amplitude 
Reference phase For 
Azimuthal angle of arrival IWAVE ■ 1 
Elevation angle of arrival 
Time Dept. phase shift  

For 
IWAVE - 2 

To access the information for signal conditions IWAVE: 

WAMP - AREA(21 + 
WPHI - AREA(22 + 
AZM - AREA (23 + 
ELEV - AREA(24 + 
PSR - AREA(25 + 

(IWAVE-1) 
(IWAVE-1) 
(IWAVE-1) 
(IWAVE-1) 
(IWAVE-1) 

5) 
5) 
5) 
5) 
5) 
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Table IL 

The output information for a scan is organized In the S record in 

the following manner: 

AREA( 1) - 
AREA( 2) • 
AREA( 3) - 
AREA( 4) = 
AREA( 5) = 
AREA( 6) = 
AREA( 7) = 
AREA( 8) - 
AREA( 9) - 
AREA(10) - 
AREA(ll) - 
AREA(12) » 
AREA(13) * 
AREA(14) - 
AREA(15) - 
AREA(16) - 
AREA(17) - 
AREA(18) - 
AREA(19) - 
AREA(20) = 
AREA(21) - 
AREA(22) - 
AREA(23) = 
AREA(24) - 
AREA( ) = 
AREA( ) 
AREA 

4H   £ 
SETNUM 
IRUN 
NRUN 
IS 
DATASM 
DATADM 

Set number 
Run number 
Number of runs in the scan 
Scan number 
Maximum value of the sum data 
Maximum value of the difference data 

Blank 

CENT - Boresight setting 

DATAST - Sum data For 
DATADT - Difference data IP-1 
DATP - Differential phase data 
CENT - Boresight setting 
DATAST - Sum data For 
DATADT - Difference data IP-2 
DATP - Differential phase data 
CENT - 
DATAST - For 
DATADT - IP-3 
DATP - 

To access the output data for sample point IP: 

CENT - AREA(11 + (IP-1) * 4) 
DATAST - AREA(12 + (IP-1) * 4) 
DATADT • AREA(13 + (IP-1) * 4) 
DATAP - AREA(l4 + (IP-1) * 4) 

Table III 

The E record is organized in the following mannen 

AREA( 1) = 4H   E 
AREA( 2) - SETNUM - Set number of last data set file 
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The method that should be used to locate a given data run, defined 

by SETNUM, IRUN, is to test the first record in each file until 

AREA(2) - SETNUM and then check each record In the file until AREA(l) - 

4H _  H and AREA(3) - IRUN. Appendix D contains a segment of a pro- 

gram which can be used to properly locate a given data run. 

Appendix E contains the Hating of program STRO, standing for 

Simulation Tape Read Out, which is used to obtain a hard copy print 

out of all the information on the output tape. 
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H 
H 
h 
C 
c 
c 
c 
c 
c: 
c 
c 
r 
C 
C 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
r. 
c 
r 
r. 
C 
c 
c 
c 
c 
c 
c 
c 
r 
G 
C 
C 
C 
C 
r, 
C 
C 
C 
C 
r 
C 
r 
r 
c. 
c 
c- 
r: 
r 
r 
r 
r 
c 

E3UIPr 'AHDPF.^H i Ml- ; 
S I N RI F    (ARFA.üI-äN): 

P^ORKäM : ül  AAS 
STAMPING TOR; üi-N&^AL riRCUl*« »NTcNNA ARRAY Sl^u ATOR 

W R I T1 F "•l w Y : H Y >- H U M N 1 ^ G H.. U S 

W^ITTPI hn^:  RAtlnLOCAT KN H-SF^H LABORATORY 
lü PAWTHFMT CF t-l.t-CTRlCAl  FNÜ ' Nt-(-fi I N i 
I" IVhRSlTY rp i L I I'MOlS 

CDMP' Frpn: M^Y,   i97n 
R-VT^FU! O.Tn^FP,    197(1 -   t-OH   NFW   TARF   HA^fi  I viü   PRUCtutRFS 

iMPiiT   r-^Rns   ^IEC:^SS''RY   FOR   OPI-RATIQN: 

OMF   PRtißf&M   PPF^■ATiO^   rART: 
(IS) MRUN ♦   MiMPER   OF    HATA   HUNS    I'M   DATA   SFT 
(IS) !T4PF      «   TAPF   DRIVE   MIJMU'-R 
(IS) MOP? •   TAPE-   OPtNATlON   ^OUF 

E^ TFR   l    IF    'IÄU   SfARTS   A   MFW   TAP- 
FMtR   ?    IF    I-A1A    IS   AUliFP   TO   AK    0   1]   TAPfe 

THE   rnii'jwUR   (."ARDS   ARF   NFFn, n   FrR   FAr'h   DATA   Rl M   Df    THb   ÜAiA   SfcT 
AVJTF^N-    l NFOPw AT IO'V   PARD: 
(15) '-iOA »   M'MBER   OF    A'-TFMNA   FlFl'FNT1;    [N   AR-VAY 

(■""in.pi    A •   PiSTAMCE   FR"M   r-NTFR   01-    ARRAY   TO   THE   «tt-teCfUn 
SI-REFNi    IN    MhTERS 

(■"in.?!    M «   P'STAMft   FRi "   R^-FLFPTINR   SCREEN    TO   THE   A^IENNA 
El FMENT   IN   MFiURS 

(IS) IAS »   MiMPpP   O«-    SiAMNlNü   ELEMENTS 
( r1 f) .? '      PHI t    Cf PHASEL   ANM F 

RfNF^A SIRNAL 'NFiRMATIO'v   R-Rll! 
(IS) '-WAVF «    vi'MEFR   0^    P'TfiMlNR   S'^NAI^ 
(■'in.4i -OECr »   C'.REICR   fRP^UEN'-y    IM   MFR.   H7. 
("10.4» 'RFf^ «   Mipl'LATrR   t-REQllEMRY    IV   K 11. .   F7. 
("in.4) "PAM •   AfFLITUDF   MfPUif.TiON   I ARTOR   (1.0   TO   0.0) 

I Mfn^ I   r,   sir^. Ai    cni. PI T ION   CA-'^, 
OVE   (A-Jn   FOR   EA'F    SET   nF    SIR'AL    CONPlTli^MS 
I.    P.    -D'^F   (>'liMMi-fi    'F    CiRllS   AS   MI^BI-R   ^NTERFD   FfR   MWAVE: 
(■'«.'')    ^AMP      » cir,NAi   A'•PI I Tin-  (n.n ^n   i.n) 
('P.9) «PhT » S-R^AI    Pi-AS-    IN   D>GRLPS 
(rP.'M *7^ " A-'MJTHAI      Ä! Ui C    OP     ARMIWÄI      IN    lE^RFES 
(■c.^l -i^v « ^IFVATION    A   nip   Ri    aRRi«Ai     IN    iF.REtS 
(-P.-3) -ST « SiRK-AI     P^-AC,     ST^P    IN    ."-RRi-FS   FFR   SCAM 

N T I c^     ^i^ OFr'M i ■ K   ■ AFP,: 
(-10.4 1      VMS      -    R:'S   VAI [IF   Of    NO I St   S'lA'AI     (0.0    T"   1.0) 
(IS) '" -    S    AFTIMÜ   Mi' MFR   FnR   PS>-Urir    f.4\ilji    NO.    bt-N-HAU)H 

F'Tf R    0 

S^AM    I    r,   "(-FF A i ' O    UFPRMATI    N   r.ARiij 
(-1 n . ? i   -PIT       ;■   s ♦' ■ 1 o P  c ^ r T   k   p   i s F R R F i- s 
(-'If.?!    -.PANT      -    T ■ Mf-    t PP   IM      S'"AN   IN   SSP'i^'lS 



AO 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
(■ 

c 
c 
c 
c 

(i«n is("4N    •  MiMbfP m   si ANS  IN  i^t  DATA RLM 

(IS) ISA" «    MIMPFR   n^    S'MPI.F   PniivT«:    [H   EACH   SCAN 
("in.?)   SA^I •   A^GLF   BtUc> N   SAMPI h   P'MNTS   I*   D-URhES 

P^0R«AM   I   I^ITS 

IMPUT: 

MAXIMJM   VUMBPH   np   SIGNAL   COM'  ITIONS 5 
AZMUTHAl     A^GIFP   SHdlLn   HF   k-XPRFSSglJ   h^TwFf-N   TH^   L'MlTS   Ot- 
O.n   riFCR-^FS   ANl^   35«.99-   D^GR*-^ 

OJTPCT: 
MAXIMUM ■H.'UHBFR ' r SAMPI 6 HCIWS / SCAN inn 

O-'FRft T . ON; 
HAXINU"   NUHRFR   'if   ANTENNA   EifMFMTS 
MAX^Uf      HIHRFR    .F    ^CAMMING    A'TI-MNA 

36n 
10n    (HLST   rtF   AIM   fcVrN   hi,.) 

TApc   M   \|'M. I vG 

THF   nuTPiiT   PATA   Will   Bf   STORh'l   QW   THI:   TAPP   HCUKTE'i   ON   URIVt    |T»f>fc 

HP   r| p   MATA    TAPE.    If    ANY.    Si-nCL')   HP   KOUNTPO   ON    D^IVE    iTAI-t- 
T-<P    TA-'P    WIM     Ht-    Ai VANCEP   T T   THE   END   Df    TH*-   r,LC    DATA    fc.\C    ' HE   M-X 

IJATA   w'li     PP   Sli'REC   BFRINMM'-   AT   THAT   POINT   CN   THP   TA^t- 

»»»««•♦»»•»•«•«-^ •»«•••«»•«•»«»•♦•♦•»••«•»»«»•••••»•••♦•••••••••••• 

,-) i Mp-. s i n-.   e op/v Y1- 

11 I MF" S I C fOSP (^0 ) .SINP(5IJ ) 
HIMF"91TN ARF(3^n) . AlM(36n) 
i) I MF:\ S I HM   PIIMRP f 2 ) ,SUMIM(2 ) 

r)iHFvs HM CATAScinn),DATAT(1 no i.' ATAP(inn' .PATACdno) 
DlMPrS'O".   l-iPHM (t-) . ^STpPtS ) 
niMcivS1 n^   ppiH(^ftn,5),AMpp(i^n,s) 
HlMpi^S   HN   Al INF (51 i , AMARK f 1 1 ' 
[llMcvg i n     APFA(4in),DFAN(65n: 

H H s 4 H H 

S -t s 4 > S 
P-J = 4t- 

I \J I T ' A     ' ,' P    I   1 \ r:    P B . M T F P 

m    orn     :iP:l,S] 
onn  A .! M- (  ; >■ i = n 

in oni   r D-i .i1 

QTI     A^AR'f    I  t■ )= ?7 

[1 -f 1 •  P    •   . TnOil_       CVS f ANTS 

P ' = "» . 1 ■! 1 S Q ? * b 
T -.no   st»? 

c"IMDAn-^i'-n/'v- > 

R - ^ : i ■■P    '   i;ij. fi ft I I ( ^    I N»- UP   a i r   N 



k\ 

c 
c 
c 
r 

RTäP   9no8.f"HllMi!T4ME.MODF 

QjpM   T. Pi-   0\   D«   VE    ITAPE 

D r A s = 6 n o 
CALL SL-THM( ITAPt , 1 ) 
CALI P »RL!<( ITAMt-,1 ) 
CALi  Rt KLN( I T4P(- ,0.0) 

GT T'i '9?4.<J14 ) , NOHE 

TAPF M' Dt NO . ? 
ADVA^O   TAPF   TU  ENI   or   on;   HATA 

914 CDNTIN'lF 
915 ASSIGN   flSOO   TO   i AS1 
9lft   CALI    n^FNCHFAN,' FAS, IT4PE,0,4HSI^U) 

C4LL    R^L^CHFAN. AREA,LAST) 
CALI    Ci OSFdlFAN) 
I-""    (iRi-A(li-FH)    917,918,917 

917   CM I     S^n'Dt DFAN ) 
QD   TO   916 

91P   CALI     S^THKtnTAN) 

CA| i    n^FNCHFAN.rFAS, ITAPE,0.4HSIMU) 
SETNl ^^AWFA(?) 
GD   T1"'   5^0 

TAPF   Mnoe   ^f).    1 

924   CDNTiM'iF 
9?5   CALI     O-CNd FAN, i.FA^, ITAPF. 0 ,4MSIMU) 

S : T MI' ^ = fl 

c 
c: 
c: 

930   SrTM|:MaSFTNU^*1000 

BrGI^N-MG   OF   ÜAtA   RUN 

950    I'UNIrHU'^*] 

R-AO   A^Tr-^l^A   IM-ORf* AT IDtg   ANn   GFNCRAL   SIGNAi    INFORMATION 

R-An   9n09^'OA, A . C .^ AS.OPMI 

W-An   onin.NwAVF.FHt-OC.FREGH.PCAH 

DfTPPMIN^:   DATA   < l\   OFERATIONI   CONSTANTS 

•g : A 4 = M    A / 4 
A^GAz^O/NPA 
A VfJA-?:    ^1 JA/9 
MaS?=NAS/? 
«i. = \/ c r / r k F r. r 
C :;'' s11 - T .v n - I • iv   L 

CDt-'STJrTtNOPUA/^L 
CT'WrTwo- I •FPFUN-tlf.OO 

Csir'l'T-    PMASt   CFI AYS   TOI'   S    AV^iMii   AVTCVN'    t-LFMF.TS 

CV-irt I =r iq r rPM I /cn^ RAD )•C^^'S i ? 
C^^MrO    S( ( f N'4S?-1 )»ANOA*ANOA3)/"MNRAI1) 

=1 
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mmm 

999 

DD 909 tSFsl ,NA'2 
PDFI («VsCnNnHl«(i CS(((lSE-l)«"Nr)AfAM0A?)/Cn\.R4l)).COSM) 
C3SP( I -F)«CO?(Pi'EL.AY) 
SINP( I^F )rSIN(PPEi AY) 
C D N T 1 N11F 

P^lNT r NECOPn INKÜRHAT10N 

y^lNT 9019,SFTNUf.IRON,NHLN 
P^INT cjn?n.NPA.4,D.NAS.CPHI .FREQC.KRFQM.PCAM.NWAV- 
P'IMT 90 21 

STDRI- H RECORD INFORMATION 

A^PA ( 
A^t-A( 
A^FA ( 
A^PAf 
A^EA( 
A:?FA( 
A^EAC 
A^EA( 
A^EA( 
A^FA(in) 

A^(-AM 1 ) 
A ^ F A ( 1 '^ ) 
A^FA d.1!) 
K<K=?1 

1 ) 

?) 

4) 
*) 
f>) 
7) 
fl) 
9) 

s S I- T N U M 

:IRUN 
: N P U Ni 
:NOA 
:A 
:D 
:NJAS 
:CPHI 
:FPFPC 
:FPFOM 
:Pf AM 
: N! U A V F 

man 

7rRn ANTPNNA ELEMENT ARRAYS 

m   1 nnn    i AMsl, MCA 
A ■} t M A ■'J T ) = n . P 
A i M f i Arin =n. n 
in irnn   IWAVFSI.NWAVE 

A «1PH i T iN' , ' WAVE v =0 . 0 
CD'VT INulF 

C 
C 
C 

1 nm 

HAVPsl 

R-AH    A    D   PHINT    SlGf-AL    CONriTiOK 

WrAn   gnu , WAHP.^PHI ,A7M,El. EV.PST 
p^TMT    onV9,IWAV'-,wAMP,WPHl,A/M,PI  EV,PST 

^ JH = ^ Pi r /^(iH'PAi) 

CISC. V-CStPLFV/CO^RAn) 

C?MP^ ='n ■.<;T1 •'■('• ^ELw 

cx'p^s n .IST?»CO'-EL ■' 
w -»MM ( 1 ■. A /p) = n. n 

S r r> p 1 (CrrPn      NFi.PMATION 

A^PAiK'K ) s W A M ■ 
A^F4(K''K*1 ) s ^ P ^ 
A^PS(K"K*7)»A7H 
A 31 A ' K ■ K + ^ 1 = C 1 t 

A ^PA f K• <*4 )sPS I 
>< <K s-' K     *si 



A-} 

f 

c 
c 
r 

too? 

inn? 

1014 
1005 

1006 
1007 

1O0P 

1 no? 
10 10 

ion 

1 "1? 

n-TPüM'NT    ÄNTfiN   A    t-LbMf-M    TO   THE   LCFT    l^     THfe   SIUNAL   AZ1MUIH 

AVI     IH-     \v"l f-S    ■'f.rv.fiirK    TH^    A7MIMIITH    AMI     AlLlAfEM    ANTEMvA    tiEMbMS 

« : (A 'M/ANOA )*1 
l)rlK = A/M-ANnA«(<-l) 

D T 1 K^sAN'lA-Df-i ^ 

(j-j   jr.   ! PKT   fOR    1CI" = 1    AND   PpHT    ^ QW    IfUPs? 

HD   1014    I n I B a 1 , ■> 

p^pfrpw    )Pf-BATl   A   »OR   ANTENA   Fl6MENTS   OP   Tfl   9 0   nE'i.   fR|lM   A/'I^LTH 

n i    i n i ^     I A ^l = 1 , 'V   ' A 4 

G D   T ^   ' 1 n 0 '^. 1 0 n B ) , i n 1 R 

FIKfl   A    f-Ni'JA   MM'BEP   fOR   OEERf-TlOK    TO   11-^ 

1ANITTK*1-.AW 

I-" (1A T) 1004.1004,1005 
I 4 N T r N ii A ♦ I A N T 
T-IFrANilA»fl-l4K)-ni-LK 
[.-   ( Ap^p-f THP)-90 )   i 007,10n7.i on«) 

THFs-QP 
G3   Tn   mi? 

FIND   a -T-NNA   M^BFN   FOR   O^E^.TION   TO   R IQHT 

I •    (NO   -lAMT)    li109.1010.10in 
[IMTsI    N'-NCA 
T-it- = r f-,   K^ + ANIOA« ( I Aw-1 ) 
I ••    { AR'-^i THE)-^f )    1 012, 1012, i'M 1 
T j F = o n 

C&i ri'i     T-    THE    i; -fPl EX   ANTENv^     wo, TAf-H   f^    THE   UIVE^   ANTE\I>J>. 

C j9Tt.E = r ;S( TMb/rC-VHAD) 
A-iP-fO^A^-P^SINU'C^t-l^COSTt-E) 
PHI-cn iF?»m?THl-*wHH 
A^Pf : A' T)raRE( 1. NT)+AMP«CCS(-Wi ) 
A I M ( 'A  •T!=AIM lANTj+AMP^SIN"'^1 ) 

STCIP^      'A-i-    pPASt-    ^'EP    lNFrRy,.T|nv, 

PH I u M    'vi r . 1 WA VE ) sP- I 
A^PMf I    vi . IWAV-lsAMP 

1 n 17   c:"v T i Mi >- 
1014    ClMT'^i.P 

I W A V ^ s   W . V E ♦ j 
I r    r w   v- (W&\/E ^    li:16,l 001 , 1 : 0] 

1016   C l N T ^    P 

; ^;Än    v.   i^l-    A^^    -CArMNO    QFER    TIT,    IMFDHMATION 

Rr A n   gi-t f, i\\ ri [ S , Ri\ 
RfA1-:    O-l ?.SKCT,<CA    T, [CCAN , I'-AM, ^Af 1 

CAi ri'!     t-   ^OAN^'Nti   nPERATIi'M   rirM^T^N'T^ 
C 
C 
C 
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li5n 
1191 

C 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

115? 
1153 

c 
c 
c 

M 1 \)Jh= (  I SAM-1 ) »sAH I 
SlncrS^-1-WIPTM/2 
I.- (c i it) n^n, 1 ist tlim 
Slnc:^^n

+SinF 
ClNTINHP 
D:LTsSrANT^S*"I^360 
AM0Ic:J=.7n7«4M-,S 

P^IMT   M   HJFCORC    iNFl'RMATIC^ 

P^INT   Qn?3.ANClS,HN,PErT,ISCAN>S^Ai\lT. I SAH, SAM I 

STORf-    H   «FCnpn    INFORMATION 

A -A (i4)=ANnis 
AttACl^lsRN 
4^FA(1^)=SFCT 
A^FA(17)=lSCAN 
A^fA(1 P)=SCANT 
A^FA(1<5) = 1S4K 
A^FA(?n):S«Ml 

W^ITF H ^ECOPH INFURMATION ^^i TO TAPF 

CALL WRLPCPFAN,AREA.SO) 

BrGUN'NG   OF   SCAN 

D3   1?5"    1S=1,IS(AN 

STOP»- ^ RPCORH INFORMATION 

A^EAf 1 >=SH 
A9EA( ?)=SFTrUM 
AREAr 3)=IPUN 
A9FA(   4)^^|ou^ 
A^EA(   S)=IS 

ZERO   M/iX   OUTPUT    CATA   VARlAPl.i-S 

DATA^MrQ .0 
DATATMrO-n 

IMITI A IZE TIMF 

Ts( IS-IMSCANT-PELT 

BrGIMNlM'J   OF   CAiCULATIONS   Fnw   SAMPLE   POINT 

D3   l?2fl   lP*l.I^AM 

CALCULATE   SAMPL1-   CPNTER 

CrN7={IP-l)tSAMI*SIDE 
I'   (rFVT-36n)   1153,115?,115? 
CfN'TrfCMr-Jftn 
CDNTlNtlR 

AOVAN'CF    TIME 

T:T*r Ei T 
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c 
C SqP W ~ Vf- PH~«;I: STt·P C~LCLLA I I IJ N S ~nlol V IRST SC~ N , r!RSI :)U,PLE 

c 

c 
C tE CH ' N I 'J I; nr: WA ,i f: PHASE STEP t: AL; ·uLAT I 0"-- S 

c 
1160 D 117:> l WAVF:J.f\ (.I IIVE 

c 
c F w a v ~ ~H~SF !:- TEP ao.n SKIP CAI_t:UL ATI Q!•Is 
c 

t~ (PSTF~()WAV ~ l) 1161,1172, 1 161 
c 
C C:A l.llf.L '• Tt-: PRt-S!: ~! T wAVE PHASF 
c 

1161 W~PH:P~T ~ PCiwAV~)el/SC~NT 
c 
C CAU~t oi . loTt-: NEW AqENNA VOLTAr,l- H'IP All l:t EMFNTS l~ ARRAY 
c 

OJ 117{1 !ANT•l• ·OA 
1~ (6~g ~<I~NT,I ~ AVF)) 116~o117U,1169 

1160 PAtaPH 1 H( I H.:T ,l ,. AVt: >•WPHHC IWfoVt:) 
P'?:D~ . ~((A~T,l ft AV~)•WPPH 

A ~F ( I ~ •· T 1:! R~ ( I t ~ T) • A MPIH T A"' 1 • I W 'VI: l • f C I' Sf PA 2) • ~OS ( PA 1 ) ) 
A I~ f 1 A • T l :A f"' f I A 1\ T l • A fit PH ( I A"' T , l toH V ~ ) • ( S · 1\1 (I-' A 2 ) • S I N ( P A 1 ) ) 

1170 C:JNT : "J1 1F 
c 
C STOR~ ~ P~SF ~ T ~ ' VE P~A~E 

c 

c 

1 1 71 W ~ lol ~ f I , . ~ •I ~ ) : "' P ~ '"' 
1172 CJ~T I N ·· ~ 

11911 c·Jrn 1 "' '' F 

c c a L ~ " 1 roT' '= Mr. r 11 L ~ T 1 ,' •:• r AcT r R ~ n !ol ,· l M F T 
c 

c 
C o:rc:&:.~'-li!IJ~ A~'<! TC: f\I I .A HEM~NT Tr'l ,,.L= Lt-F'T r; , T~E SliMP · E CF.Nlt:k A"' n Tl-tt: 
C A \1 G 1 ~ c; ~ f- T W F F ~ ... F SA~ c L ~ C &= :. T ~II AN r ~ I i . I A C F NT ANT..,; N N A t L E 1'1 t ~ T S 
c 

c 

K::c r ~ · T·ANQA2)1ANrA•1 

CJI=t :F~'J T-H: t')A?)•.III\:OAe(t<f:-1) 

C "l !;l_ c : . ' IJ A ·C:flo! L 

C CAI_r• ·L ·~ T"- Tloll:- I. t f\~.\1~ I~JTERPO• AT tflN fACTnRS 
c 

c 

CJFI ! S I 1'1':1. IAI\OA 
C!) E 1 t. P =,. 1 Fl. P 1 A r·. · , A 

C I: l(f I~ !linT o;t: T toHN THE t I"" 1 IS 1 - Nn•, rr :RAECT THE VA LUI= OF KC 
c 

r 

!19• K::'oi " A+IC:' 
11915 F (ICC-\11 )4) 1t<i7.1197,119~ 
11 9 6 I( -:=I( r - ··! n A 

c L~rr ~ - Mr< v r.~ , : · r~=1 AND Rlr.MT A11 N" F~R Ji t iR•:!! 
c 

11.97 0:' 1?~ n i ~"~llht,:> 

c 
C l ~ Q n lo1 •· ' I •\ A C C: I) !": • L AI Of~ 
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"^" 

C 
C 
c 

119« 

SJ^IrO 
SjMRrO 

P^EF^R"   JPi-RATIf'N   ^ OR   FACt-   FlFHENT   'N   1 «F   MKK 

DD   i?17    iSFal ,rjAS2 
Q3   Tn   {i?nn,l?04),:DlR 

C 
c 
c 
c 

hir^HT o1-   {;cA^•NlN^ Ei fcMENi   lit 

i2on 

c 
c 
c 
c 

1201 

FIND   E1 F'^FN'TS    I'     TnF   LFFT   AMI 
FTR   TH-      FFT   SCANNING   RANK 

I .=Kr-( [SF-j 1 

C&l CI'LäT1-   TMC   M"ISF   VOLTAGF   h OR   THf   AMT^NN*   ELBMEMT   COMMON 

BDTW   T^F   I FFT   AMC   ^IGHT   SCAMMNR   ANTFNN4   RANKS 

I-'   ( IS--1)   1201.12Dl,1202 
CAM    R'n(RN,RNDP) 
AvJRFRF = 4 iniSJ«RMCP 
CALI     Rivn(RN,RNDP) 
AMlMRF = ANOISJ»RriCP 
AMRFPaiMRF-RF 
A\IMR=ANIMRF 

G3   in   ]?n3 

To 

I 

CALCi'L ■ Tc   THF   N 
L=FT   A"n   RIRUT 

■IS-   VOLTAGE   t-OR   THfc   ANTENNA   ELEMENTS   TO   Tnb 
IF    rHF   SCAKM^R   Fi.EMFNT 

1202 

1203 

AMRFPaAN^EL 
A MIMPsAN 'Ml. 
CALL R 1(RN,PMJtJ) 
AMRPI sAN')lSj»R^OP 
CALI R .rKRN.HNDP) 
AMIMi =»NI!lISj«RNnp 
GD TO 19I1R 

In THE LEFT »Nfj 
SrANMNß BANK 

RIGHT OF SCANNING ELEMENT ISb 

1204 

C 
C 
c 
c 

1205 

1206 

1207 

FIND Ei FMFNTS 
FDR TH*- «TGHT 

I .=Ki *' Sr 
H=Ii +1 

CALCl LAT-   TMF   NnlSF   VOLTAGE   i-OR   THE   ANTENNA   ELEMENTS   TÜ   THE 
L:C-T   Awn   RIGHT   op   THE   SCANN'MG   Pi E^^NT 

I"   ( iSt-] )   1205.12n5.1206 
AMRFI rANHFRF 
AMIMI =,\N1MRF 
GD   Tf   1207 
AMRFl. «ANKE» 
ANJIMI sANlMR 
CALI    RMFKRN.RNUP) 
AMRFRrAN()lSJ»RNnP 

CALL   RMn(RN,RNDP) 
AMIMPsANf)ISj«RNPP 

CDHRtCT    |R   AND    'L    TQ   FIT   PETUEFN   THF   IIMITS   1 NOA 

mtmm 



c 

120" F riLl u~n9,12n9,1210 
1209 i _:!'.I n A• I ' . 
1~10 I ~ tl L - Nn Al 1~1 , ,1,12,\211 
1211 ! _:I I • :\l OA 
1212 I~ ( I Rl t213,12 1J,l214 
1213 I hN n A+I ~ 

1214 1: (1R-~ 0 A) 121~,1?16,1215 
1215 I hI Q· 'lt OI\ 
1216 CJNT I 1\IIJF. 

C FINn TI1 F. 1/0t. HG ;.:. or T~F. SC:AN ~ · INI> ELFMENT 
c 

S ~ F: t A' " S • A R J: ( I L ) + AI-• Rf l ) e C r: E I A P + ( A MS • A R r t I R ) • /1 NR F R I • CD E LA 
S I '1: t A ' ' ~ • A I I" ( J l l + A t · If', L ) e C 1: E I t. P + ( A M S • A ! 1'4 ( J R l • AN J M A l • CUE L A 

c 

47 

C 4 ) 0 M l THF P~ASE nf· LAV AN r: At· !l TI"E IIOLT II GF Tr: THE I:UNK A C LuMUUlU ~ 
r; 

s Jt-4 1 = s' 'M l • s 1 "'• c n S P c IS E > • s R E • ~ If\: P t IS F ) 
S JM~=S •t MR•~ I""•S ! ~ P c I SE) •SREe r O~P (I SF) 

1:1'17 CJNT!N ltF 
c 
C STORio- THt-: RH:I( IICL l AGF. 
c 

SJMR .,: ( lD i R>aSU M~ 

SJMJ"'( rn i R>=~UMl 

1220 CJ NT I I\I •I F 
c 
C CAL,.. tt l 4TI- HIF vnLTAG~ <;UMfl' n~ T._. ., RIGHT ANlJ LEFT HANK 
G 

c 

SJMR:S I ~ ~ F<1 )+ Sii ,..R I= (2) 
SJM!:S II fol t M(1 >+S •t ,..IM(2) 
O&Ta~T=~JRTt~UM Q ••'•~UwT••2' 

C CA L r;t :L.q r- TH vr•LT At;E niHE~ r Nr.F. Dt::TWH:: t.J Tlo4F RJrHH AND LEV1 EUNK 
c 

c 

S JMR:S 't "'~F t ~) ·S • •11'-Ri: (1) 

s JM' =Sl •M I M ( 2, -St •fi' I"' ( 1) 
0 AT A r, T :<; IHH ( !\UfoO ;; e e '•SUM I • • 2) 

C CALCI 'I. q ~ T"'F. 1-~AS r OJHEREI'.IrF. ~1-TWFI:tJ THF R!GI-T AND Ltt-"T t1ANIC 
C A\JTl an .' IIST Tt.l F t T PFTWFf.N TH '- LIMITS •179.099 TO teO DtCiHE:tS 
c 

c 

A 'lG~:A rA N'- C SliM I ·J ( 2), SlJ"4AE C 2)) er : rJNAAI" 
A\tr, t :ATA N,C!iiiiWI •(11,~U~AE(1)lef. IH I AAJ:' 

fHTP:a :· t ';~- :: 1\!GL 

I: t 1 A rP•t"") 1?2 1 ·1221 .t~tl, 
1221 OATP:n ' r~.~~~ 

GJ T <1 1'~4 
122t' 1: f1ATP-1AII) 1:i24.1il24,1~2~ 

1223 OATP:~AT~-3~" 
1224 r;J~T 1 !\ll•r::: 

C STOR~ T~F SCA ~ n ~T ~ UT OATA 
c 

c 

0 l T A!' ( f D I : I) A T AS l 
D l TA r ( I o ) s P AT A liT 
OATA O: ( I CI)s["IATP 
OAT&!'( • P>sCF~T 

C STn~ ~ ~ ~F~OPn . ~~~ l ~~ATIO~ 

c 



48 

c 

lll:II ' ' •U•4•11 
A~FAIIII laCFNT 
·~'=·,I I ' +1 ,.,, , AST 

A ~FA I I ! I • '- ) a l'l A T t. C T 
A~EAIIII+~lal'lllg 

C F"INn T ... E M.\ VIMLJ..,. Sl iM AND CJnF.RFNCt VAL UE 
c 

c 

1~ (Aq~F"(0ATAS1 l·DATASM) 12~~.12?.A,1225 

1'-2~ OATA~M:OATAST 
!22~ 1~ (~QC~(0ATA01l•0ATA n ~) 12~~·1228,1227 

1227 llH& 11 M:nATAOT 
122@ CJNT I N'l~ 

c s r~~ F " ~Frt'IRD r ~J: " R"'n 1 Ol\ 
c 

c 

c 

c 

A~~AI '-l:flaTASM 

•~EA! n=nn•n,.,. 

C P~!!\IT · ... ~J;r.n~ O i H liRMATJOI\ 
c 

c 

P~!NT 4 019,SFT~ u l", IIWN,NRU.• 
P~l~T Oll,5ol~.n~TA~~,OATA["' 

P~JNT 011~6 

C P~IN i. '\ ~F C OWO 'AMI=-I_f- POII\T fl lJlDIJT F'IATA 
C P~l'IT " ~ tu: ~A~"PL• POINT Ol.J"•j.}Uf DATA 
c 

OJ 1i)4'1 J Dat.ISAI" 
P ~ y ~~ r o" ~ 1 • n A T A r· c r t. , , n • T 's c ,.., > , n aT • n r ' P , , n A T A~ r 1 P , , 
1(AMA~~'' I ),Jfa1 .ttl 

c 
C P~H·rA . • • '1 PF-PATJ'1~S F"N~ THF. t _ i •J~ Pltl~· TI·R Pt.!lT 
c 

1?411 
t?t;ll 

c 
c 
c 
c 

c 

Ita( 1 n ., f .• !;f't/1 n!l•tA I AS( IP) )/111- 1 A~Mh~0•1 

1 '=, , n" u "" ,, , n •t' '' n c t P, , '"' u ,., , ·~o •1 
13a(tJ'l~T~D(fPl+'@3.~)/~60le~~·1 

A - I ~ It.: ' I t ' • 4 ~ 
P~ H JT Q, :~n ,(AI . I ~ · E ( I f), fl a1,~1) 
A _fi'.IL( ' 1l&ll 
l _ fl\,11 ( 1,, ••• 

g11\l'!' ~~~~ll.CAL I· EC'l),IJ:l,t;1) 

A I"' ( : , I=" 
'-'"''-( · ~h~· 
~-fl"-' ' ')nln,tA L I • fC : fl,IJat,li~) 
l _ (N'-1 ,lal) 
C) f\I T' i\1 '1 ~ 

C1NT 1 11.1 111:: 

E,r, r.F" !1t.TII ~Ufv, S'IAf.IT CALCTII AllONS OV~P F" C·A NFXT DATA AU N, 
0~ ~~n o.; ~ TAPF Ar.r C 1-XIT PACGAH'. rr UST ~"ATA RU~ .. AS 8E~III (;UMt"LEltlJ 

C T~s: r 1. ' • lATA QlJ r..t S on THE fN ·' r. ~ TMf TAPE, Pki~T ~HAOA SUH:fo•l::NI 
C A " n ~IJM ! NAT ... t: tEC l' TI r,~o.~ 0~ Dr:>ror.IUM 
c 



A9 

G 3   T i    fl g g 9 

w^jT^    ;HK.    TfWMlHAl    MLF   ONTn   Tt-F   EN^i   n^    THt-    [APP 

«99«!   CH'     r   nSFdiFtN) 
B996   C4LI     O-P-JCPFftN. I'FA^, ITäPF.O .«HS IMU) 

A^PA (    -i 1 =PH 
CALL    Wi-1! «(PPAN.APPA,?) 

C      C_n«;(-  .NU PPWIN'  THE TAPP AN'' t-yiT THt- PROGRAM 
C 
«999 CALI Ci nSF(PFAN) 

CAU SFTMN( ITAPF.I ) 
CALL F xI i 

C 

9008 
9009 
9010 
9011 
901? 
9013 
901Q 

9020 

HP I/" FORMATS A^(- AS FOLLOWS 

F-r -AT IM5) 
FORMAT (I5,2F10.2,    16,   FlO.?) 
F^RM/'T (   I5,3Firi.<n 
FORMAT (5FR.?) 

FDRMAT (?F10.2,?I5.F10.2) 
F1RMAT (Fln.4, IS) 
FIPMAT (1M1/«JX.i 3HSPT   NUMPFR   = 

IIS.^H   »(.INS) 

UO.HH   •   PUN   NUMHPR   ,13.4h   OF 

FORMAT    ( 
1Y    fMFflkMATTnN// 
?E    FRPM 
3S";Rci N 

45X,?0MI 

6TJPMTV 

n-NTpP T 

T11 A N T P fJ 
IIMRPR   QF 

5^,?0HNt^PF"   OF   ANTF 
'   Si RppM   z,5Y.rf>,p,7U 
'4    : .«X ,F6.2.7H   MPThRS 
Sr.NMMG    ANT-N'NAS    =,8 

A.9,flM    IK-RG'-FS//   5y,ii«'HHAVE    IN 
= .1fiX,F6 .2 .IM MM?/ 5X.2?HM0nUL 

7 <H7/5X .?^HPFRC[-NT HF HOHLLAlirN «,14 
SITf-M"! ^AVFF RONTv =,6>,F6.?/) 

0021 FTRM«T (t5X»4NWA»/E ,5X,4MW4VF . < (6X.4HWA 
13HAMP,7y,5HPhASP,Sx,3l-A2^.7Y.4HPi.EV,6 

9022 FTRMiT (sy,M,lv,5(4y ,r6.2)) 
9023 F1RM--T (/SX .1 7H^ C l^-E IMFQRMAMCN// 5y 

1^.9 / 5y.l3MRNn STt&TcR =,? 
2 SCA"   '-c i TiMr.s//5y.ifMcpnoR CI-NTER = 
3 aX.i B-MUMF'EF'   O'    ^i'AKS   =   .19X,F^.2/ 
4CAN   TT   c   = ,72y.F6.?,flp   c-r /  5 

(««.?/   5y .Pö1-!' ^lCRl-Mb^T   ^UTW-EN   P 
Ky . - T^'-r.AKj   MJKHFtJ    r , I 3// 

IMF    : • TA 

f /7y .«MH'-fip 

5=.15v ,t 
902'5   F^RyfT    ( 

IS^.I^M'-AX 
9026   F 19w t T 

1 A TA,7 f 7y,4MnATA )/) 

90 27   FIR^AT    (?Xf4f3X.F8 

=.2y,FP.7/) 
7> . TMSl M,f*X. ^^Dl F , 

9030 FTRM; 
gn^n FIRM' 

1    sy, 

?) .«sy, A] .«.in (4x, A 

M M + , R n X . 5 1 ^ 1 . 4 ) 
(1M1/   5X.    3'MTMP   DATA   RUNS   OFF 
JRHPRPGRAH i-IL(. NOT PP pyPCUTE 

/SX,25HANTENNA 

NNAS =,l7X.F6.2/5X,32hDlS 
MFTFRS/ 5X,33HDISTANCE F 
// 5y ,121-SCANNER MOUt// 
X.F6.?/ 5X,16MC0PHASAL AN 
Ft,OMATirN// 5X,l9HCAf<^lFR 
AT'ON FREQUENCY s,l5X.F6, 
X,-'6.2/ 5X.31HNUMBPR   OF 

VE) ,6X,5HPMASE/5X,4HNUMR, 
X,4HSTEP/) 

,19HSTANÜARD DEVAT1ÜN «,1 
4X.F6.2// 5X.27HANTtlMivA A 
,??X,F6.2,eH DEGREfeS/ 

5X , 
X,25HN'U^PR iF SAMPLE POI 
OiNTS s.llX,'6.2.8H UtGHE 
5X.14HMAX SUM DATA =,2X,F 

8X,5HPHASF/ 7X,5HblÜMI,6X 

1.4) ) 

TME PNT CF THE TAPE/ 
D 

ARRA 
TANU 
HUM 

GLfc 
I- Rt 

2.4H 
INC 

5X, 

6X.F 
RH*Y 

l5Hb 
NTS 
ES) 
6.2/ 

,4HU 

E-in 



so 

"' —   ' 

AIM'KNDIX   H 

REDUCED  PROGRAM LISTINGS 

------ 



"1 
t'EOUCtD   PROGRAM   LISTING   NDMßpP   ONE 

THF   8A«!lC   nPFRATION   OF   THE   PRnnRAM 

51 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦■♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ •  START ♦ 
♦ ♦ 
•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

VEC   •299.8 
PI    ■3.14199265 
TWOPI «PI«? 
C0NRAn»36n/TW0PI 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•»•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

IRUN  "0 
READ 9008,NRUN,ITAPR,MODE 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

-60 TO <924,9l4)tM0DE 
V14   CONTINUE 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦■♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ •  TAPE MOHP ? - 01 n TAPE ♦ 
♦ •  ADVANCF TAPP TO END OF OLD DATA ♦ 
♦ •  SBTNIIM«SPTMUM OF LAST DATA SET ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

 GO TO 930 
24   CONTINUE 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦* 

♦ •  TAPE MODE 1 - NPW TAPE ♦ 
♦ •  1NTTIALI7E TAPP ♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

SETNUHBO 
■VSO   SETNUM«8ETNIJM*1000 
V50   IRJN  "IRHN^I-^  

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦■♦■♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦4***********+********* 

X 



S2 
READ 9009,NQA.A.D,NAS.CPHI 
REiO «OlO.NWAVfc.FPFOC.FWEOM.Pr/kM 

NOA*  ■NOA/4 
ANOA  "Söo/NOA 
ANOA? «ANOA/? 
N*S2  »NIS/? 
WL    ■VEC/FRgflC 
CONSTi"TwnPI»D/wL 
C0N8T?BTWnpi#A/WL 
CONW  ■TWnpitFHbQM«100O 

♦ •  PHASE TELAY CA| CHLATIOMS ♦ 
♦ « 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦ 4 

♦ ♦ 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦■♦.♦♦•♦.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦• 

DO 1000 IANT«l,NOAr«*- 
AIHCIANT)aO.O 
ARE(IANT)*0.0 
DO 1000 IWAVE-l.NWAVE-*- 
AHPH(lANT.lWAvE)an.n 

lOOn  CONTINUE  2 
IWAVE ■! 

1001  CONTINUE-«- 
READ 9oil,WAMP,WPHl,AZM,ELEV,PST 
WPH   ■WPWI/CDMRAn 
C0SELV»C0R(FLEV/CnN9AD) 
COSAMP»COSELV«wAHp 
CONEi ■COMSTl«COSELV 
C0NE2 «COMSTg^COSELV 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦4** 

«♦♦♦«♦♦♦♦«♦♦♦♦«'♦♦«♦♦♦♦«♦♦♦♦♦«♦♦♦♦♦^♦♦♦♦«♦♦«♦^«♦♦♦♦♦♦«♦44444444 
•  ANTENNA FLFMENT VOLTAGE CAI C'lLAT IONS ♦ 

IWAVE »IWAVE*! 
IF (NWAVE-IUAVE) ini6#inoi,loni  

3016  CONTINUE 
READ 90l3,ANOIS.RM 
ANOlSJ«.7n7»AN0IS 
READ 9012,SECT,SCANT,ISCAN,1SAM,SAM? 
WIDTH "dSAM-l^SAm 
SIDE  "SErT-wIDTH/? 
IF «SIDE) 1150.ll'Sl,1151 

1151 SIDE ■36n*sine 
1151  CONTINUE 

DELT  «SCANTtSAMl/iftn 

mm 



53 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦►♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦•♦••♦♦♦ 4 ♦♦ 

♦ ♦ 

♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦•♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦♦4*4 

Do   12^0   I<!«l,ISCAKj,^- 

♦ ♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦•♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦■♦•♦♦♦♦♦♦♦♦♦444 ♦♦♦♦♦♦♦ 
♦ 4 
♦ 4 
♦♦♦♦♦♦♦♦4**4*4444444*4«4444444444*44444444*444444444444444444*4 

G 

T     ■( 1«;-1)»SCANT-DE| T 
DO 12?8 1P«1,ISAM-«  
CENT  «IIP-DäSAMI^SIOF 

■IT (CFNT-^AO) 115^.115?.1152 
1152  CFNT  ■CENT-36(I 
153  CONTINUE 

T     ■T^nEl.T 
AMS  •(i-prAM>*pr*H»Cos<coNw«T> 

♦♦♦♦♦♦♦♦4**4*4444444***4*4*444444*444444444444444444444*4444444 
♦ •  PHASE «;TFP CALCHLATinN«' ♦ 
♦ 4 

♦♦♦♦♦♦♦♦♦♦♦4*4444444*4*444*44**4**4*4**444*444444444444444*4444 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦44.444*4**44*4444*4*4444*444»44*444444444444*44*4 

♦ •  SCANNING BANK VOLTARE CALCML*TIOMS ♦ 
♦ 4 
♦ ♦♦♦♦♦♦♦♦ »-r*  ♦44*4*4*4*444*444444*4444**4444444444444444 44444*4 

♦♦♦♦♦♦♦♦4444*4444444***44**44**4444444**44*44444444444*444*4444 
♦ •     OUTPUT   DftTA   CAI niLATlONS ♦ 
♦ 4 
♦♦♦♦♦♦♦♦♦♦♦4*44444444**444*44**4**4444*4'444444444444444444*4444 

♦♦♦♦♦♦♦♦♦♦♦4*+44444444*44**4**4444*44***44*44444*444444444*4444 
♦ 4 

♦ 4 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦44+44*4*4*4*4444**444444444*44444*44444*444*4444 

1228  CONTINUE- 

♦♦♦♦♦♦♦♦♦♦♦4*444444444*44444444444444***44444444*44444444444444 
♦ 4 

♦ 4 
♦♦♦♦444*4*44*444444444*44444444*4444444444444*444444444444*4444 

1250  CONTINUE  
IT (NPUN-TPUN) 8995,8r9,5,«)5(V- 

^995  CONTINUE 

4**444*44**4*444444444444444444444444*4444444444*44444*444444*4 

♦ 4 

♦ 4 
♦ •  ENO 4 
4**4444**444444*444444*444444444444444444444444444444>4*44444*4 



SA 
MfcDUCFD   PROGRAM   LISTING   NllMBF» 

PHASE   PELAY   r*l CULATlONc; 
TWO 

999 

CONCHI«COS(CPHI/CnNPAD)»CONST? 
cnsM    «co«! ((M*s2-i )*A^nA»A^n«?)/f:nMRAn» 
DO   999   ISFBI ,NAS2—i  
PDPLAY^CONCWIMCOM (C ISP-l »»A^nA^ANnA?)/(;nMRAD>-CnRM> 
cnsP(iSE)»cns(PtiEi AY) 
SINP(lSE)«SlN(UfcLAY) 
CONTINUE  

DEDUCED P90GHAM LISTING NlJMBFB THREE 
ANTFNNA ELFMFNT VOl TAGE CALCULATIONS 

1002 

1   1003 

1004 
U.3 009 

| 1006 

L-^^OO« 

1 1009 
^aoio 

1011 
1 ^101? 

3013 
1014 

K 
DELK 
DELKP 
WPHH(I 
PSTEP( 
DO 101 
DO mi 
GO To 
IANT 
IT (IA 
IANT 
THE 
IF (AR 
THE 
GO To 
IANT 
IF <NP 
IANT«! 
THE 
IF (AR 
THE 
COSTHE 
AMP 
PHI 
AREdA 
AlMdA 
PHlHd 
AMPHd 
CONTIN 
CONTIN 

■(A7M/AN 
■AjM-ANO 
■ANDA-DE 
WAVF)»0. 
IwAvE>»P 
4 IP1R.1 
3 lAWrl. 
(1003,10 
■K*i-lAg 
NT) 1004 
■N04*IAN 
■ ANOA#d 
SF(THF)- 
■ -9n 
101? 
■K^IAw 
A-IANT) 
ANT-NOA 
■DELKP*A 
SF(THF)- 
■ 90 
•COS(THE 
■COSAMP» 
■CONE?»0 
NT)aARE( 
NT)«AfM( 
AWT.IwAV 
ANT,IWAV 
UE  
IJ6—  

OA)*l 
A«(K-1) 
LK 
0 
ST/CfiNRAD 
#2-*  
NOA4-<- 

- 

08>.tDlR 

»1004.lon^ 
T 
-IAw)-DELK 
90)   1007,1007.110*1 

1009,1010.1010 

NOAMIAW.I, 
90)   1012,1012.1MI 

/CONRAD) 
SlN(CONEl«COSTHC) 
0STWE*WPH 
IANT)*AMp»COS(PHl) 
lANT)*AMP*SlN(Pui) 
E)«PHI 
E)aAMP 
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^EDUCED PROGRAM LISTIMG NUMBER FOUR 
TIME DFPENnENT PHASE SHJFT CALCULATinNS 
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1160 

1161 

1169 

-IF (T) llOQ,1190,11^0 
DO 1172 IwAvE"l.Nw»vE-*  
-IF <P«?TEP(IWAVE>) 1161.1172.1161 
WPPH  «PSTEPttwAVEj.T/SCANT 
DO 1170 IANT"1»M0A-^  
-IF (AMPH<IANT.IWAVE)) 1160,1170,1160 
PAl   ■PHIH(I ANT,TWAVE)«WPHM(TWAVE) 
PA2   ■PHIH(IANT.IWAVE)*WPPH 
ARE<IANT>"ARE<IANT)**MpM(IApgTl I wAvE >• (COS (pA2)-roe (pAl ) ) 
AlM<IANT)«ArM(IANT)*AHpM(IANTf I WAVE ) • ( S I ^ < P A? ) .«! I M ( PAl ) ) 
CONTINUE >-' 
WPHH(lWAVE)»WPPH 
CONTINUE-  
CONTINUE 
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KEDllCED   PROGRAM   LISTING   NllMBFV'   MVE 

SCANNIMG   El EMENT   AMn   SCA^NINQ   OA»iK   vnLTAQE   rAI ClJALT IfiN«? 

KC •«CENT-AHOApj/ANOA^l 
CDEL     ■(CFNT-AN0»'5)-ANnA#{KC-l ) 
CDELP   »ANDi-rDfL 
CHELA   «CDFL   /ANOA 
CDELAP«CDELP'ANOA 

 IF   (KC)   1194,1194^195 
1194     KC ■NOA4KC 

^1195     IF   (KC-NOA)   1197,1197.H9(S 
1196     KC "KC-NnA 

1>-1197     DO   12?0   iniR"!,?-^  
SUHI      aQ.O 
SUMR     «O.n 

1199     DO  1217   ISE'I.NAS?-«- 
-QO TO <i2no.i204),miR 

1200     IL »KC-lsE*! 
IR "IL*! 

♦ •     NOtSE   SIRMAL   CAICULATION   F<IR  LEFT ♦ 
♦ ♦ 
♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦444<»4444444444444'*44444444<f44'»44444444«444444444 

-oO   TO   1208 
-1204     IL MCMSE 

IR «IL*! 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦■♦■»■•♦.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦444*4**4 
♦ •     NOTSE   «SIGNAL   CAlCULATtONS   rn«   OIRHT 4 
♦ 4 
♦♦4444444444*4444444444444444444444444444444444.44444444*.4444444 

208     IF   (II )1209,1209,1210 
1209 IL    «NOA4IL 
1210 IF(IL-NOA) 1212,1212,1?U 
1211 IL    "IL-NOA 
1212 IF (IB) 1?1^.1213,1214 
1213 IR   iNOA+IR 

Jfcl2l4  IF (IP-NOA) 1216,1216,1?15 
1215  I*    »iR-NOA 

l^-12l6  CONTINUE 
SRE        ■(AMS*ARE(II )4ANREL)«CDFLAP4(AHS«APE(lRUANPEPUCnEl A 
SIM        «(AMS^AIMI IH4ANlHL)*CnEl Ap4(&MS»AIMMB)*ANlMR)»Cr'El A 
SUM I      ■SUMl4SlM*CftSP(l8E)-SRE»SlNP(ISE) 
SUMR     ■SUMR4SIM*SlNP(lSE)4SRE»cnSP(ISE) 

1217   CONTINUE *- 
8UMRE(lniP)«SiJMR 
SUMlM(IDlP)sSI|Ml 

1220     CONTINUE » 



^EDUCED   PROGHAM   LFSTIMG   NI)HBpw   «JIX 

PETERMINATION   OF   TMp   NOI^P   SIG»*L   vm TAf.t- 
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FOP   Lf-TT    RAM« 

1201 

-120? 

-1203 

IF   <ISE-1»   1201,l?ni,l?r2 
CALL RND(BN,RMDP) 
AMRERF«ANOI<;.J«RMOP 

CALL BND(PN»RMJP) 
ANIMRF"ANniSJ«HNDP 
ANRER «ANREPF 
ANIMR «ANlMBr 
•60 TQ 1203 
ANRER «ANREl 
ANIMR «ANIMI 
CALL PND(PN.RMÜP) 
ANPEL "ANni^J^WNDP 
CALL PND(RN,RNÜP) 
ANIML ■ANOISJ.PNDP 

^EDUCED PPOGRAM LISTING NliMBE'' SEVE^1 

DET6«MTNATiON OF TMP NOfRp SIGNAL VOLTAGE FnP   "inTH   PA'K 
I 

 IF   (IfiE-1)   1205»l?n'5#l206 
1205  ANREL »ANRERF 

ANIML »ANIMPF 
 GO TO 1207 
-1206  ANREL «ANPEP 

ANIML "ANIMP 
-1207  CALL PND(PN,PNDP) 

ANRER   aANniSJ«hiNDP 
CALL   RND(PN,PNOP) 
ANIMR   "ANOI^J^^NDP 

L 
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l-EDUCFD   PROGRAM   LISTING   NUHPF*   FIGHT 

CALCULATION   OF   SYSTgM   Ol)TPilT«! 

SUMR «SUMRFCD^SllMREi?) 
SUM! ■SUMlM(l)*SlMlH<2> 
DATAST«SQRT(SUMR#t9*8UMU»?> 

SUM« ■8UMRE(5>)-SUHR6(n 
SUMl ■SÜMIM(2)-SIIMIM<1| 
DATADT«S0RT(SUH9«#?*SUMU«2» 

ANGR      •ATAN?(SI'MIM{3).SUMRE(?>)»C0N»AD 
{SQL     -ATAN?«SUMlH(l).SimRE«l))»Cn^PAn 

DATP      «ANGR-ANGL 

PjkTp      ■[)ATP*3A0 

IF (DATP-ISO) 1224.1224,1223 
DATP  »DATp-S^O 
CONTINUE 
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APPENDIX C 

SAMPLE INPUTS, FOR GCAAS, AND 
HARD COPY OUTPUT 
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S4MPI F INPUT CUNOniONS T C R hCAAS 

COL. 
1   5 
*   * 

1 

? 
1 

in 

1 

4. 

1 
145.50 

0 0 
.53 

o.ooon 
90.nn 

0 n o n 
^ .an 

1 n . n 0 
n 

?0 
4 

ft.or. 
5.noon 
«jo. on 
85. on 

?.no 

^0 

^0 

40 
i 

no 48    ?n 
0 . 0 0 0 0 

^n.on   n. no 
3^.on  3n.no 

2.00 

50 60 72 

T-tP HAWfl COPY Ü 
IS CrNjTAlNf-r IM 

iTPUT FOR THFSt- SAMPLE INPUT CONDITIONS 
THf- FOLLOWlMr THREh PAUPS OF THS APPENDIX 
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SET ^iiMHPV =        1000 • RUN NUMMER 

ANTPNN* AHPAY INFCRMATIDN 

NU1HFP Tf ANTF-NNftS = 
DIsTAf'O ^ROM CEMTEW Tf) SCfi^-l:;^ = 
DI^TA'C^- •■ ROM SCRFPt' TO AMThNNA = 

1 Of 1 HU'MS 

120.00 
145.50 M(-TERS 

6.00 MhTFRS 

SCANNER MOPF 

NU^PPR C.r SCANNING ANTENNAS s 
CO:>HAC;AI   ^NRLF = 

WA>/F    INFORMATION 

CA^RIFR   rRFOUENCY   s 
MODUI ATION   FRFQUFNCY   S 

PE^PFC'T   OK    MPPULATinN   = 
NUHRFR   OF    IMCIPBNT   WAVFFRONT«:   = 

MA)/F 
NIMR 

1 
? 

^AVF 
AMP 

1 .on 
0.50 

HAVE 
PHASE 

n.on 
10.00 

WAVE 
AZM 

90.00 
85.00 

48.00 
20.00   Df-RGFES 

7.00   MHZ 
5.00   I^Z 
0.00 
2.00 

WAVF 
fcl EV 

30.00 
35.00 

PHASE 
STEP 

0.00 
30.00 

NOISE I'FORMATIUN 

STANDARM DEVATIOM s 
RND STARTER s 

ANTENNA ARRAY SCAN SETTINGS 

SE:TOR r-FNTFR = 
NUIRFR OF STAK'S = 
SCAN TIMF s 
NLMRFP   OF   SAMPLE   POINTS   » 
IN:RFMEMT   RFTWFhN   POIN'TS   = 

0.00 
0.00 

90.00 DFGPPES 
2.00 
2.00 SEC 

30.00 
2.00 DEGREES 
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K « ♦ 

X   * 

4 

*    * 

Z) 

* • • 

■iJ 

1 

a: Q. O 
UJ 
a: 
r 
:J 
2 

e 
o < 
ct 

• 
c c 

Q C 

o r» a. 
o • • 
o -o r^ *— 

rH 

rv 

ii II W) c 
II 

II < < 
cr i- t- 

-r j- < < 
0- a c c 
i i 
s: r> 3: ^ t- 
z ^. ~ 1— u. a 
z 

2 
(A c a cr 

c — *— •« ■x X rr   in 
ÜJ U 4 < 
V) (^ r r 

«o^<oiooro»<oO'<oro<o«r^«NT-i<o(M«-ioeou>ioirrvro«'r^ 
«•f»3CMI^T-('0lf>^CM0>r>0CMm>0o*rHI«r>tMm0>TH00O««ir»f^r-irv 

oro"»-ivom(Mr^if\»-irvjrooivmo>CM<ooooiv*ro»Ho^o>CM* 

^T-l^li-I.HrHi-l^lrt.-I^H I     IT-I»-IT-I»-(»-I.-I«-IT-I«H«-I 
I     I     I     I I III III 

^■o<cocrr<c'»-tvjtvcecoot^«r^a'»«i-'r>(\.'irrvoir*ocfv'rv 

rvr»^-<D*T-tfv^>oi/>o>aj«)'OOT-iioi^io*{virvwo*- o^tc ^nt-i 
ourvTiotMvrMr^rvr'ji^TH<oo>fj^-(»-(c3rs<oc\)»-(C\)^-a>c\iour)t>rt 

c\jc\jcvi»-tc\i'»-<o>o>oi^o<OT-i«-<o«-o>ro>o^ir>oir>ioo»Hc\jrocMc\j 
*-iT-ie\)c>jtMt\jt-i.-( 

c c c c. o o o e c cr o c c o e o o c c c o o o c cooc co 
C3C3C3C30000000COOOC:OOC3C9^COO'3   0C300C3 

■M 
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to 

Z3 

or 
i 

3 

tr, i 
< i- 

« 
X                        «                                                                  M 

X                                                          «                                                                               X 
X          ♦                         •                                      X 

 M ♦ — 
♦ 

X 
x 

♦ X 
X 

« • 
X 

 ■♦• ■♦■  

X 
x 

 _^_ _ _ ___ 
X 

• ♦ 

X   ♦ 

♦ 
♦ ♦ ♦ 

 + M ■♦■-♦-  

♦ ♦ 
4 

 M —  # ■♦■  

* 
«   « • * ♦ 

m * M ♦  
« 

X • 
X •    ♦ 

** ♦_♦_ 
X * • 
• ♦ X 

x xx*»* 

 Mi M  

r^o>o(\i*forvooir>0'co<oo>o>iro><0'0vvtcoorv(\i<ro«-f^^ro 

'Oot\jr^oir>if\ooo>fO(V)roo^if\o»H«-rv'C «•o>cirvr^r^ocM<or^ 

I      I      t      I I III III 

—• < 
o c 

ou>>^-j.i;nrvcDCVx'v.-?'^x»ot\,orvcvia,ai,\j-a3>-ho>-'» 

cv l^- 
IT CU 

, 

00 

II 
II 

a. 
a' a 
J  i 

n n 

<. <i 

C C 

2. U. 

<r c 

X X 
< < 

X   J. 
a c 
c — 

tvoor»3crif>f^i*)rvoir>»-4tr>>oc\i»HoCM*'Oe\ioajw<o>oif\fo»-if^ 

rMCv i,okMViniriif\.fio-oc\iinrv>f\o^-cD*iri-oinr»3r-iT-ic\ir«ocv[\i 
TH»-irv«\irvit\icv»-t 

c:c:ooc.'Oc>ocscooc3c='COooc3C:ooc=>oooc3C3c:c 

<f)>0>C-0>0fvfv|Vfvr^0CCC0C0D0DOO0>0-OC3COOC»-(rH»HTH^-l 
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APPENDIX 1) 

LISTING OF PROGRAM SEGMENT OF TAPE HANDLING 

^ 
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NÄMt    STHPSI 
f-QtllP^CAfcDRE.PPlNTFI 
SINliLE   MRFA.DMN)! 

PRPl.RAMi      «;THP«; 
STA^DINR FnRl <!AMP| E TAPE HANJDLI'1« PHO^RAM ^FQ^E'1! 

«RITTEN HYi   ROY F HUNMNGMAliS 

-RITTEN FORI  R AD I Dinr A T I UM RESEARCH L*B')RATn«Y 
nEPARTMENT OF FLECTRICAI. FNGI»'FfcR Mri 
liNIVFRSITY OF ILLINOIS 

INPIT CAPDS NErESSARY FOR npERATION: 

ONE PROGRAM OPFHATIOM CAROi 
CIS)    ^SFT   * NUMBER OF HATA SETS Tn ME LOCAT^U 
(19)     1TAPE  * TAPE DRIVE NUMRtR 

THE FOLLOWING rARDS ARE NtEDED F^R EACH 'UTA SET 70 RE LHCATED 
nAT* SET AND RUN NIIMRER CARDl 
(IlH)   SETNUM • DATA ^ET REFEREf'CF NIIMRER Tn Rt LHCATED 
(I9>    IRllN   * DATA RUN REFERENCE NUMBER To RE LOCATED 

PLALE k^l  ADDITIONAL INPUT CARDS FOR TME GIVFN DATA SET - RUM 
AT THIS POINT 

OlMtNSION AREA(500),DFAK(650) 

6H««H F 
HH««H M 
SHaAH S 
HFA^'oOO 

REAb mO.NSET.ITAPE 

CALL SFTPNdTAPE.l) 
CALL FXBLK(ITAPE,1) 
CALL BLKLNdTAPE.O.fl) 

ISETiQ 
W   TO   101 

10"   CALl    SETHNdTAPE.l) 
101    ISET«IfiET*l 

IF   (NSFT-ISET)   a,50n,in?,io? 
lO'   ^EAL    9ool»SETN|iM, IRUN 

ASSIGN 8000 TO LAST 
GO TO 104 

10* CALL CLOSE(DFAN) 
CALL SETFDCDFAMl 

10* CALL OPEMDFAN.DFA^, ITAPE,n,4HS|MU) 
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CALL   RDLBtDFAN.mA.l AST) 

10*   IF   (AREA(2)-SETNUM)   103,107,103 

IQ^   PRIl-T   <>n5o,SFT^'UM 

107   NHur■AREA(4) 
IF    tNRIJN-IRUN)   108,111.111 

10^   PRpT   9051»SETMUM,IRIIM,NRUM 

10^   CALL   CLORE(DFAM) 
UO to  100 

lin   CALw   RDLWcDFAN.AREA.LA^f) 
111    IF   < IRUM-AREA^M   110,11?.110 
11/ CONTINUE 

PRINT 90«9,SETNUM»1»^M 
ISC»N«AREA(17) 

!SAh aAREAflo) 

PLALE ALL OPERATIONS FOH TH^ INpnj INFnpMATlnN AT T^IS POtMT 

DO 2999 IS«1»ISCAN 
CALL   RDLP<DFAN,ApEA,l,AST) 

PLACE ALL OPERATIONS FO* TMF SCAN AT TwlS POINT 

299li   CONTINUE 

CALL CLOSE(DFAM) 
^0   TO 100 

8U0  CALL CLOSEtDFAN) 
CALL SETPNdTAPE.l) 
PRPT 9052 
CALL EXIT 

8^0  PRUT 9o99 
CALL EXIT 

9'JO  FQReAT <?I5) 
900' F09^AT (110.15) 
91)4-   FORMAT   (lHi/5X,l?HeET   MjMBFp     .tlo'   *X.I2HRUM   NiMbFtf     .H.^H   Fny'D 

—•—_.„»_ 
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1 > 
WS0 FORMAT 
9051   FOf^AT 

1 4i'M( 
9n9? FORMAT 
9(19^ FORMAT 
910°   FORVAT 

1  13. 

<1H1/5X.1?W««ET NUMBpp  ,110/ 9y.l7HM0T 
(5HI/^X,I?H«;ET NUMBFO ,!in/ SV.IPMPUM 
GREATFR THAN NDMbtH OF Rll»1 S IN THP «FT 
(//9X,2'>HTAPF OPfRATION D« TAPF FOHOH 
(lHl/«»X,3«H»LI OPFRATIONS rnHPLFTED - 

Ff))wn ON 

( , I 3 , 1 M ) 
) 

ppnJkA- EMn 

67 

TÄPF 

) 

) 
(1H1/9X,1?H«FT NUM8FB 

SH RUNS) 
.TlO,14M • RUN NllM-^tR ,I3.4M OF 

FND 

I 

L 
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APPENDIX E 

LISTING OF PROGRAM STRO 

J 



PAGE 

M 

M 

r 

C 
r; 

r. 
r 
r 
C 
n 
u 
c 
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001 

NAMt STPm 
eoillP«CA^ÜRK,PRlNTP| 
SINGLE (ARFA.DrAN)I 

PRni»RAMI      STRO 
STANDING TORI SIMULATOR TApp READ OUT 

WRITTEN Pyi   ROY F HUNMINGMAUS 

WRITTEN FORt  RADIOLDCATION PESfARCH LABORATORY 
DEPARTMENT OF ELECTRICAL E^GINFERIMR 
UNIVERSITY OF ILLINOIS 

COMPLETED!    MAY, 1970 
REvlSEPl      OCTORER, I97n - FnR NEW TAPE HANDLING PROCFDllRFS 

C 
t: 
c 
c 

INPI-T CARDS NECESSARY FOR nPERATIOM« 

ONE PROGRAM OPEHATION CAfiDl 
ci5)   ITAPE • TAPE D

W
IVE NUMBER 

900 

901 

100r 

DlMfcNSlON ARRAYS 

niM>NSlON ALlNE(51).AMAHh(ll) 
DlMkNSlON AREA(*10),nFAN<*50) 

SET OPERATION CONSTANTS 

EH«*H   F 
l)FAS«600 

REAL PROGRAM OPERATION INFORMATION 

REAL 9000,ITAPF 

INITIALIZE LINF PRINTER 

DO   V00   II«1.51 
ALI^EdD-O 
no  »01   II«1,11 
AMAF"K<II>"27 

OPEN TAPE ON UNIT NO. ITAPE 

CALL   SFTRN(ITAP6,1) 
CALL   FmMITAPE.l) 
CALL   BLKLNUTAPE.O.O) 
ASSIGN   4000   TO   LAST 
tiO   10   1001 

ADVANCE TAPE AND PRINT OUTPUT DATA UNTIL TERMINAL FILE IS PEACHEf 

CALL CLOSE(DFAN) 
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1001 

lion 

1101 
110? 

00k 

CALl    SETfD<Dr*Ki) 
CALL   OPEMPFAN.DrAS, I T APE . n , 4HS J MLI) 
CALL   RDLP(DFAN,AREA,I AST) 
IF   UREA(l)-FH)   1100,3000,1100 

PRINT   H   RECORD   INFORMATION 

NRUN«AREA(4) 
CO   TO   1102 
CALL.   RDLR(DFAN,AREA,LAST) 
NwAVE«AREA<13) 
IRU^■AREA<3> 
PRIH.T   9019,(ARFA(n).IT"2»4) 
PRPT   9020,(ARpA(n).II«5,13) 
PRINT   90?l 
KKK«21 
DO 1105 IWAVE«1,NWAVE 
KKK««KKK«4 

1105   K 

l^on 

KKK««KKK«4 
PRINT   9022, IWAVE.UREAUI >. II«KKH,KKK4) 
KKK"KKK*5 
PRINT   9n23,(AREAm),n«l4,5»0) 
ISCAN«AREA(17) 
ISAr»AREA(19» 

I 

1260 

PRINT   S   RECORD   INFORMATION   FOR   EACH   SCAN   IN   THE   DATA   BUN 

DO   1260   IS«1,ISCAN 
CALL   RDLP(DFAN,AREA.|AST) 
PRUT   9019,(ARFA(n),n«2,4) 
DATASM«AREA(   6) 
OATADM«AREA(   7) 
PRpT   9025,(ARFA(n).n»5,7) 
PRINT   9026 
DO   3250   IP«1,ISAM 
III«(IP-1)«4*11 

CEN^ «APEAdll > 
DATASTBAREA(IIU1) 
DATADTaAREA(!IU2> 
DATAP ■AREA(III43) 
PRUT   9n27,CENT,DATAST,UATADT,DATAP,(AMARK(II).II«l,li) 

PREFORM   OPERATIONS   FOR   LINE   PRINTER   PLflT 

I1«<<DATASM/100*DATA«5T)/DATASM)*50*1 
I2«»(DATADM/1000*DATAPT)/DATADM)«50*1 
13a   ((DATAP*183.6)/3(S0>»50*1 
AL!NE<I1)B46 
PRINT   9n30,(ALlNE(I P.I I"l,51) 
ALI^E(I1)«0 
ALUE(I2)a44 
PRl'T   9030,(ALINE(II).11,1,51) 
ALI^'E(I2)«0 
*LUE(I3)"24 
PRINT   9030,(ALINE<I1),1I«1,51) 
ALU'E(I3)"0 
CONTINUE 
CONTINUE 
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'ACE   OOJ 

GO MACK AND PRINT H REfORD IMFORhATION FDR THE IjgxT OATA Hl'N 
IF LAST TATA RliN IN THF DATA S^T HAS RPFM PRlNTFU, iDuAMCF TAPF 
To NEXT TATA SFT 

IF «NRHN-IRUN) inon,innü.lioi 

TERMINAL FILE MAS BFFN WEACMFD, FRINT ALL DATA P»IMTFD STATi-HfMT 

31)0^ PRpT 9070 
«0 TO 5000 

ENL OF TARE HAS ÖFEN REACWFD» p^lwT FRRnR STATFHEMT 

4000 PRINT 9060 
GO T0 5000 

CLOSE AND REWIND TAPF AND EXIT PROGRAM 

5U0r   CALL   CLOSfc(DFAN» 
CALL    SFTPNdTAPE.l) 
CALL   EXIT 

THE   I/O   FORMATS   ARE   AS   FOLLOWS 

9uo<; FoRf 
901«   FOR^ 

113,i 
«npn FQR^ 

IV ,|. 
2E F»- 
3SCRb 
45x,« 
5",?J 
AiHJEN 
7 KM? 
8IDE^ 

9121 FOR^ 
iSHAf 

902^ FOR^ 
9lt2., FOR' 

1ft.? 
? SCA 
3 5*. 
4nAN 
5*tii 

9(12^ TOR- 

IbX.I 
91)2* FOR' 

1ATA, 
9027 FORC 
9113'" FOR^ 
9(i6'. FORf- 
907(. FoRf 

AT (15) 
AT (1H1/5X,13HSET 
H RU^S) 
AT ( 
FORMATION// 5X,? 
OM CFNTFR TO SfRF 
EN TO ANTENNA «,4 
9HNU^RER OF SCAMN 
X#F6.2,8H nERQFFS 
CY ■,l«X,Ff.?,4H 
/5X,?3HPERr6NT OF 
T WAVEFRONTS *,t>yi 
AT (5x,4HWAVE,5x. 
P.7X#5HPHAS6,5X,3 
AT (,5X.l3,1X,5(4y 
AT </5y.l7HNO!SE 

/ 9X.13 
N SETTINSS//5X,1«; 
IBHNDMPFR OF SCAN 
TIME ■ ,22X,Fft 
X,F6.2/ 5X.26HlNr 
AT ( 5X,13HSCA 
4HMAX DIF DATA », 
AT (/7x.4HRORE,7v 
2(7X,4HDATA)/) 
AT (2X,4(3Y,FÖ.?) 
AT (lH*,^0y»51Al. 
AT (1H1/5X, 36HT 

AT (1H1/5X. HflHAL 

NUMBER ■ ,I10.14U • RUM NUMBER ,I?,4H OF , 

OWNUMR 

EK| "»^ 
X,F6,? 
TNti AN 
// 5X, 
MHZ/ ^ 
MODUL 
,F6.2/ 
4HWAVF 
HAZM«7 

,F6.2) 
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