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OF ABBREVIATIONS

AND SYMBOLS

TSS subsystem which allows submission
of batch jobs from a remote terminal.

Simulation configuration

Central Processor Unit. The central
and arithmetic portion of a computer.

Dirac delta function. Unit impulse at
time equal to tj

Discrete Fourier Transform

Data Set Reference Number
Electronic Counter Measures
Electronic Counter Counter Measures

TSS subsystem which facilitates
modification or correction of TSS files

Fourier transform operator
Inverse Fourier transform operator
Fast Fourier Transform algorithm

Honeywell General Comprehensive
Operating Supervisor

Gigahertz

Hilbert transform operator
Honeywell/GE 635 computer system
Intermediate Frequency

Least Significant Bit

A-1




Linear Time Invariant

Module Classification Code

Module Reference Number

Most Significant Bit

MT1 - Moving Target Indication

ns (or NS) - nanosecond (10'9 second)

PASS - Pass through a simulation configuration

PRMFL - Permanent disc storage file

RADSIM - Radar System Simulation Model

Radar Cross Section

RCS

RF - Radio (Radiated) Frequency

RV - Reentry Vehicle

STF - Stimulus/Transfer Function

s*(t) or S*(f) Complex conjugate of s(t) or S(f)

s, (t) - A function composed of samples of s(t)

8 _(f) - The Fourier transform of a sampled
. function, such as s*(t)

S(e) -~ Hilbert transform of s(t)

Positive frequency components of the

S ()
i3 signal s(t)

Negative frequency components of the
signal s(t)

S_(£)

& AL) -~ The function of time which corresponds
b to the positive frequency components
of s(t)




s _(t)

sp(t)
sQ(t)

TSS

The function of time which corresponds
to the negative frequency components
of s(t)

In-phase video channel representation
of the bandlimited signal s(t)

Quadrature video channel representation
of the bandlimited signal s(t)

Time-sharing system
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APPENDTIX B

SOFTWARE MODUDLES USED IN

T HE RADAR SIMULATION MODEL

The software modules used in the radar simulation module
are listed herein by module name and by reference number.

B.1 SOFTWARE MODULES LISTED BY MOOULE NAME

The following table includes all of the software modules
listed in alphabetical order by module name. Column headings
in the list are defined as follows:

: Module Ref. Number: This is the number by which
the module is called in any system model program.

2y Input: Locations where input data to module
must be located before execution.

3 Output: These are the locations where output
data is placed.

& Subroutine Name: This column contains a list of
subroutines used by module.

5 Subroutine PRMFL: This column contains a list of
the permanent file where the subroutine is
located. This file must be loaded in any system
model program that uses module.

6. System Parameters: The system parameters are
constants that are used in the module and are
defined by module number 301, (SYS). Parameters
are described in Appendix C.

¥ Module Parameters: Module parameters are constants
that are used in module and are defined in a
namelist immediately following the module call in
the system model program.

8. Comments: This column is provided for a short |
term description of the module.

B-~1
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B.2 SOFTWARE MODULES LISTED BY
REFERENCE NUMBER

This table includes all of the software modules listed
in numerical order by module reference number.

100 SERIES: Basic transfer and input/output
operations

200 SERIES: Basic mathematical operations

300 SERIES: Initialization and output configuration
routines

400 SERIES: Radar block simulation modules (black
box models)

500 SERIES: Radar system modules (radar system
models) 1

P

TR e R TR

e kSl g 30 L

B-18




Table B.2-1la 100 SERIES MODULES

RRAND Parameter Initialization
RRAND Parameter Initialization
RTOPDB

XYTODB

XYTOM

XYTOM2

XYTODB

RTOPM

RTOPM2

PLTFMT

(DATA XFER)

(DATA XFER)

ERGYRE

ERGYRE

ERGYCP




201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
249
230

Table B.2-1b 200 SERIES MODULES

DFT
ZFFT
ZIFFT
CONV
CONVMP
DIVA
ADDA
CUMDIS
CUMDIS
OUTCUM
OUTCUM
PDF
PDF
RNDARY
RNDARY
ATOD
ATOD
DTOA
DTOA
DTOA
WEITRE
WEITCP
WEITMP
SHIFT
SHIFT
SHIFTS
SHIFTS
DTOA
RSHIFT
RSHIFT

231
232
233
234
235
236
237
239

RSHFTS
RSHFTS
DFTRF
DFTF®
ADDRND
ADDRND
ADRNDC
ADDA




T

301
302
303
304
305
306
307
308
309
310
311
312
313

Table B.2-lc 300 SERIES MODULES

(SYSTEM)
CLINT
PTLIST
PTLIST
PTLIST
PTLIST
PLOTTR
PLOTTR
PLOTTR
PLOTTR
(BISTATIC ANTENNA INITIALIZATION)
SPCAVG
SCANNR




401
402
403
404
405
406

407/408
409
410
413
414
415
416
417
418
419
420
421
422
423
425
426
427
430
431
432
433
434
435
436
437

Table B,2-1d 400 SERIES MODULES

NONLIN
NONLIN
CDIGFL
CDFNCL
RDIGFL
RDFNCL
FILT
INGTOR
INGTOR
ANTARY
HWDET
HWDET
FWDET
FWDET
SQDET
SQDET
FGENXY
FGENMP
DIGTFL
DIGTFL
CGEN
TSARY
TSARY1
MTIFLT
MTIFLT
MTINCL
MTINCL
SWPINT
SWPINT
NCSWPI
NCSWPI

438
439
440
441
442
443
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

HLIM
HLIM
DCFAR
DCFAR
THLIM
THLIM
THWDET
THWDET
IFWDET
IFWDET
ISQDET
ISQDET
RECF
RECFTF
CGENSF
PXFRM
CGENCW
LAMPRE
LAMPRE
LAMPCP
CFAR
CFAR
DIGFIL
DIGFNC
DIGFSF
DIPOLE
DIPOLE




501
502
503
504
505
506
507
508
509
510
511
512
513
514
515

Table B.2-1le

TARGET
TGTNCL
CLUTTR
ANTPAT

TSRPAT
PHENC

PHENC
PHDEC
PHDEC
WVGUID
IONOS

ECM
SCYL

CHAFF
CHAFF

500 SERIES MODULES
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APPENDTIX C
VARIABLES USED IN T HE

RADAR SIMULATION MODEL

This list includes all the system and module parameters
used in the modules in Appendix B. Column headings in the
list are defined as follows:

1. NAME: Name of variable used in the system
model program,

2. SYMBOL: Symbol of variable used in text.

3. UNITS: Dimensions of variable used in module
program,

4. LOC: Location of variable in module program.

5. MODULE NUMBER and NAME: Modules that use
variable.

6. NAME IN MODULE: Name of variable used in the
module program.

7. COMMENTS: Short description, restrictions, and
default value.

Note that the variable names in column 1 are the sys-
tem variable names, which are referred to in Volume 1. The
variable names in column 6 are the module or subroutine
variable names, which are referred to in Volume 2. Table
C-2 lists in alphabetical order those module names which
are different from their corresponding system names.
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Table C-2 MODULE VARIABLE NAME/SYSTEM VARIABLE

NAME CROSS REFERENCE TABLE

MODULE VARIABLE NAME

ANTANG
ANTP
ARYDEL
AZP@9
BSIT
CODE
DELTHE
DIN
ELG@P
FB

FBX
FBXY
FEXT
FF

FFX
FFXY
FSTART
F@
F@XMT
10
ICPLXF
ICPLXI
1DMP

I DMY
1DMY1
INORM
MAD1
NBITS
NIXF
NP

NPT
NPTS
NPULS
NSUBP
NTYPE
N2POW
RN@@P
RTGT@
RAGP
STARPT
STOPT
TCELL

C-22

SYSTEM VARIABLE NAME

AZANG or ELANG
ANTAZ or ANTEL
TDLINE

AZ@

AZBST or ELBST
1CODE

ADELT

DFTIN

EL®

FBCOEF

FBR

FBI

SIMBW

FFCOEF

FFR

FFI

FSTRT

RFF@ or SIMF@
FSTRT

1FCODE

ICFOR

ICINV

1DDUMP

IDDUMP

IDDUMP

NORMFT

IADD1

NBITDF

NHIST

NSEC

NPTAZ, NPTEL or NIMP
NRNDPT or NTFN
NIMP

NCGPLS

NTYPER

N2

RN@

RTGT

RSIM

ASTRT

ASTOP

RNGCEL

ootk ¢

i
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Table C-2 MODULE VARIABLE NAME/SYSTEM VARIABLE

NAME CROSS REFERENCE TABLE
(Page 2 of 2)

MODULE VARIABLE NAME

THT
TNOM
T@
UEXT
UUEXT
WT
XTIVRNG
XIVST

A
AZCHFF
DIA

H
HCHAFF
RCCENT
RHO
THETA
TSHFT
XL

ADDENDA

c-23

SYSTEM VARIABLE NAME

SHPHAS
TCGNOM
SHT@
XUEXT
UEXT
WTX
RNG

ST

ACYL
CHFAZ
DIPDIA
HCYL
CHFHGT
CHFRNG
RHOD
THETAD
TSHFTD
DIPLNG

g RS
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APPENDTIX D
TABLE OF

T ME SHARTING FILESD

The table contained herein is a list of the files in
the radar simulation model. In the left column, the file
or /catalog/file designation that ircludes the password
is listed. The files beginning with the Letter ''S" are the
Fortran-IV decks, and those beginning with the letter '"0" qm
are the object decks. 1In the right column is the list of
modules that are located in the corresponding file in the
left columns.

The Job Definition Files are those used to run the sample
problems in Section 8 of Volume I and Section 4 of Volume III.

ke =




Table D-1

BECAGD@1 FILES

*LODREX$RJH
«OLODRERTH

*SUFETL$RIH
+DSUFLERTH

*SCLINTSFEJH
#*OCLINT$RJIH

+SEMTRLISEJH
#0XMTRLISRTH

«*OARSINERIH
#SITHEKSRJIH
*OSTHMEXSERTH

*SZFFT$RJH
#«QZFFT$RJIH

*SOFINSRJIH
+ODFINSERTH
*ERMTRZERTH
*OXMTRZERTH

*SPFLOTS$RJTH
*QFLOTS$RJIH

#*SHISCLERJTH
+*OMISCL$RTH

#STSARLERJTH
*OUTSARLERTH

# BLOCKL$SRIHASHMISCZ$RIH
#/BLOCKLERJHAOMISCEZERIH

#*BELOCKL$RIJHA/ASUFRTZERTH
#*'BLOCKL$RIHAQSUFZERTH

TIME SHARING FILES

MATNL
MAITNL

IFACK; REANE: CELEK: BLOCK DATH
IFACK: REAND: DELKX: BELOCK [ATA

CLINT
CLINT

FHENC
FHENC

ARSIN
MAINE
MAINE

ZFFT
ZFFT

DCFAR: CIGTFL: COIGFL: INGTOR, ATODG RDIGFL:
DIGFIL: ECM: DIGFEF
CCFAR: DIGTFL: COIGFL: INGTOR: ATGD: REFIGFL,
DIGFIL; ECM: DIGFEF

FGENKY; FHDEC: ABORT
FGENKY: FHEC: REORT

FPTLIST; FLOTTR
PTEIST: PLUTTR

FILT: WEITRE:; CONY: SHIFT; CFAR; LAMPCF; ERGYCF
FILT: WMEITRE: CONY: SHIFT: CFAR; LAMFCF, ERGYCF

RECF,; PEFRM; CGENSF
RECF; PRFRM; CGENSF

NONLIN; HWDET: ANTINT; DFT
MONLIN; HNDET: ANTINT: OFT

ENCARY; CUMDIS, RTOFDE; AZGAIN: ELGRIN
ENDARY: CUMDIS; RTOUFDE: AZGAIN: ELGRIN




*ELOCKLFRIHASANTL$RIH
*ELOLKLFRIHADANTLISRJIH

*CELOCKISREIHASANTZ$RJH
*CBELUCKEZSPIHAOANTZ$RJTH

dSELOCKLSRIHASTGOL$RJIH
#ELOCKLERIH/OTGCOLERJIH

+SSTSHESRTIH
¢SBELOCKLISRIHAOTSARSRIH

#AELGCELERIHASDIGERTH
*SRLOCKLERIHAODIGERIH

¥*THFEIN

vCHTAFE
*THETEL

i RANJE 1,8 2

* ENGIST 1.8 3
DFTFRE 1,8 4
NONLNF 1,8 S
ERFKER 1.8 €

L WETGT1/2 1,8 7
WETGCL 1,8 &

1 NETGCL 1,8 9

x WAPCG 1,8 L@
ANTNNAL T, & 11
TSHREK 1,8 12
ECHODL 1.8 132
DIKFIX 1.8 14
CERRMD 1,8 15

SELECTED

¢SIMAGE
L OIMAGE

§ VORCSNETR/SCHAFF
+RCSMETR/OUHAFF
¥ /RUSHETR/STYL
«RCSMETR/OCYL
¥/ RCSMEJRE/SKSA
¢ RCSHMETR/OZRER

ANTAEY; FLTFNAT
ANTAREY, FLTFNMT

SCHNNE: SFOCAYG
SCANNE: SFCAYG

THREGLGET, CLUTTR: WYGUID, TONOS
THRGET, CLUTTR; WYGUIID; TONQS

TSRFAT, CGEN; TSARY
TERFAT CGEN; TEARY

MTIFLT: SWFINT
MTIFLT: SWFINT

ASSEMELY LANG FROG TO READ TAFE INTO EBUFF
FROGRAM TO YERIFY RCS MAG TAFES
THFESZ SENT TO RADC

JOE DEFINITON FILES

WGD ISP 1:8 16
IMAGEM 1,8 47
CHAFFM 1.8 18
EISTAT 1,8 .19
TCODE 1,8 2@
DECODE I; 8 2%
CHFROE 1,& 22
EAINFE ) R T
RCSEF 1,8 04
TSAREF 111,41
CGENOT 111,4. 2
TSAHRTH i 5 ) T
TSARJE 111.4. 4
FSANT Il 4. 5

BECHYUGL FILES

IMRGF; EREFEC
IMHGF; ERRFRC

DIPOLE: CHAEFERP]
DIFOLE: CHRAFF, EXFI

SeYLrls Gl
SCYL BEISTGT

GFiM: BESS
GAM;: BESS




APPRYNDIX E

TCHEBYS CHE BE F1.1l.T ER
DES JI.C R DATA
Given the Tschebyscheff approximation of a low-pass filter,
i.e.

47 49 L
[FGa | = T3 821 2(w)

where F(jw) is the transfer function,

b is the ripple factor (i.e.,
3

1 -7 7L is the peak-to-peak
(L +87)

ripple), and

Tp(w) is a Tschebyscheff polynomial of
order n, 1.e., o1
Tn(w) = cos(n cos m),lwlsl

-1
cosh(n cosh ), (wi>1,

then it can be shown that the kth pole, Sy, of the
transfer function F(jw) 1is determined as follows:

Sk =N a'k + jwk

o = -sinl'L(-l]_'—l sinh™L 1/5) sin ﬁ&%}_ﬂ
1 - Zk"l U
o = cosh(; sinh 1 1/8) cos S_Z_)_"
1
where F(jw) = T‘f‘gwhen w= 1,
g

By setting 1 + 82Tn2(w) = 2 and solving for w, we can

determine a normalization factor for the poles such that

F2(j1) = %, i.e., the filter response will be -3 dB with
respect to the ripple peak at w= 1, This normalization
factor is derived as follows:

E-1




cosh(n cosh

wl - COSh

n
= cosh %

Loy =1/8

1
cosh'1 1/6

sinh-l,/i%é .
é

I1f each pole is divided by this factor the response
will be -3 db with respect to the peak response. It may be
noted that,if the order of the polynomial is odd, the peak

response is identical

to the response at o = 0, Thus, the

above formula will provide normalization to the DC response
of the filter. However, if n is even, the response at w = 0
is identical to that at the lower limit of the ripple; and,
if it is desired to normalize the Tchebyscheff response with
respect to the DC level of an even pole filter, a different

factor must be used.

This factor is derived as follows:

TnZ(O) = 1 for even n

1 1
OO v
Wl IR O Y
d 2 :
F(joagp)| © = &
|F(Goggp 2(1 + 8% 1 + 81,2 (Jws4p)
solving for wigpg, 2 2
pid 2(1L + 8%)-1 26" + 1
Th (JdeB) - 62 ¥ 52
h e s 22 11
cosh(n cosh “wy4p 52
2 %
1 =1 (287 4+ 1)
wy4g = cosh 3 cosh 8
i -3 SAE 822%
= cosh n sinh )

Table B-l contains the pole locations for Tchebyscheff filters

of order 1 through 10

are normalized for lF

for various ripple factors. The poles
2

E-2
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APRENDIX .  F

DG ECE AR BYE TORR DESIGN

F.1 THE BILINEAR Z-TRANSFORMATION

The bilinear Z-transformation is a convenient means of
converting an S-domain transfer function into a Z-domain
transfer function which is compatible with digital filter
design techniques. O0f particular interest in this appendix
is the use of the Z-transform to obtain high-pass or low-pass
digital filter designs from normalized (i.e., Wagp T 1) 8-
domain low-pass filter transfer functions. The gllinear VAS
transformation is defined by the following expression:

(F-1)

where T is the discrete sampling interval. This transforma-
tion maps the entire left-half of the S-plane into the area
inside the Z-plane unit circle, and maps the right-half S-
plane into the area outside of the unit circle. The S-plane
jw axis becomes the unit circle with jw=0 mapped to Z = +1
and jw=+oc mapped to Z = -1. This results in a non-linear
warping of the frequency scale according to the relation

T T
We™ N
—_ = Can< _— ) 2 (F-2)

where w, is the S-plane frequency and wy is the correspond-

c
ing Z-plane frequency. For convenience, the parameter () will
L
wd
be used to represent tan ( —5_) in the remainder of this

appendix. Compensation can be made for the warping effect
of the bilinear Z-transform by prewarping the filter cutoff
frequency. This is accomplished by solving equation F-2
for T/2 and substituting the resulting expression into equa-
tion F-1.

we 1-27

(F-3)

e




F.1.1 Low Pass to Low Pass (High Pass
to High Pass) Transformation

In order to transform a normalized S-plane filter design
(w.=1) to a Z-plane representation with cutoff frequency
wys equation F-3 is solved for Z after 1.0 is substituted

for Wee The following equation gives the relationship between
the S-plane and Z-plane poles (zeros).

1/Q + S .
Kot v, ey (F-4)

F.1.2 Low Pass to High Pass (High Pass
to Low Pass) Transformation

In order to transform a low pass S-plane transfer func-
tion to its high pass complement in the Z-plane, the follow-
ing complementary transformation in the S-plane is performed
first

s =1/s (F-5)
where S' is the new pole (zero) location in the S-plane.

When the substitution specified by equationF -5 is made in
equation F-4 the following transform is obtained

i ls
4 =18 =1/

i (F-6)

F.2 DETERMINING DIGITAL FILTER
COEFFICIENTS

Once the transfer function of a filter has been deter-
mindd in the Z-plane, it is a simple procedure to determine
the feedforward and feedback coefficients of a digital filter.

Assume the Z-plane transfer function is defined by the
following equation.

* *
(2-231)(2-24,)(2-2),) (Z-2 ;)

K
172 *
(2-2 1) (22 1) (2-2 ) (22

H(Z) = K -

p2)




where the asterisk indicates the complex conjugate. This

equation can be rewritten in the form

(2-2g) (Ze2g)  (2-2g)) (2-2))

H(Z) = Kl % Kz * (F-7)
(Z-Zpl) (Z"Zpl) (Z‘sz)(z'z )

p2

The second form of this equation indicates that any
physically realizable transfer function can be implemented
by cascading quadratic filter sections. Therefore, the
analysis can be limited to a single quadratic section with
no loss in generality. One section of equation F-7 is
expanded to give the following

. 9 2
z° - 2ZRe{z}+ |Zo|
G(2) = K~ 5 (F-8)
2% - 2zRefzl+ |z|
where Re| |} represents the real part of { }.

Since this is a quadratic in Z, it should be possible to
implement the function by a double delay filter as shown in
Figure F.1-1. The transfer function for this filter will now
be determined and compared with equation F-8 above.

1 1
E, = |22 E2 + By 7 E3 + BiEp | C (F-9)
s 5 L
il T U B Tl o (F-10)

By solving equation F-10 for E, and substituting into equa-

tion F-9, the following expression is obtained.

Eq Blz2 + ByZ +1
gai C 3 (F-11)
1 Z2° - AJA - A

1 2 .

If By is factored from the numerator, the following expression
results:

F-3
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H B
4 Eo 22 + E% Z + %I
E; = CBy (F-12)

22 - MZ ~ A2

By comparing F-12 with equation F-8, the values of the feed-
forward and feedback coefficients shown in Figure F-1 can be
determined from the Z-plane pole/zero locations:

1
By ™ p 2 (F-13)
[Zo]
By = -2BjRe(Z,) (F-14)
c =3 (F-15)
1
Al = 2Re(Z)) (F-16)
2
Ay = -|zp| g (F-17)

F.3 EXAMPLES OF DIGITAL FILTER DESIGNS
F.3-1 Low Pass Filter Design

This example will demonstrate the design of a 2-pole
Tchebyscheff 1low-pass filter with a 0.5 dB pass-band ripple,
a 3 dB cutoff frequency of 10 Hz, and a pass-band gain of 1.
The sample rate is 100 Hz. The S-plane representation (from
the table in Appendix E) of the low-pass filter is

1
G(S) = (S¥.5129091-3.7224659) (5+.5129001+].7224659)

Substituting the above parameters into equations F-2 and F-4
the following results are obtained.




tan (—¢_ )= tan 18° = 0.3249197, and

= .6475996 + j.3315148

2 5 = ,6475996 - j.3315148.

The double zero at infinity is represented by

201 - ZOZ -~ '1.0.

Thus, the transfer function in the Z-plane is

% R :
H(Z) = (Z=.6475996-3.3.15148) (2-.6475956+].3315148)

From the roots in the Z-plane, the filter coefficients
are determined using equations F-13 through F-17:

1

o

~d{L)L=1]) =

2(.6475996) = 1.295199

-(.6475996% + .3315148%) = -,5292872.

™
N
[

The impulse response of this filter is shown in Figure F.3.1-1.

F.3.2 High Pass Filter Design

This example problem demonstrates the design of a 2-pole
Tchebyscheff high~pass filter with a 100 Hz stopband, l1-dB

F-6
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R

passband ripple and unity passband gain. The sampling rate
is 500 Hz. Using the table in Appendix E, the normalized
low-pass filter poles are determined:

1
G(S) = (S¥.4507682+).7351424) (5+.4507682-3.7351424)

50 0
tan <3—03 x 180 > = 0.3249197

Using the low-pass to high-pass Z-transform,

Q

z2=5-a’

the roots of the denominator are determined to be

N
]

.5586542 - 3.4182765

N
]

p .5586542 + j.4182765.

The two zeros of the low-pass filter located at infinity are
transformed to zeros at Z=1 for the high-pass digital filter.
The transfer function in the Z-plane is the following:

e (7w 3307 = X3 ,
(2) = (Z=.5586542+3.4182765)(Z-.5586542-3.4182765)

The digital filter coefficients are obtained from equationc
F-13 through F-17:

1
B1-12=1

(=]
|

= -2(L)(Ll) = -2

C=1

>
i

2(.5586542) = 1,117308

F-8




Ay = -.4870497 .
The impulse response of this filter is shown in Figure F.3.2-1. i
F.3.3 Integrator Design
This example will demonstrate the design of a simple
integrator with a 3 dB cutoff of one tenth the sampling rate

and no Z-plane zeros. The S-plane representation of an
integrator is the following

1

Gl e

Substituting Sp = -1 and Q = .3249197 into equation F-4, the
Z-plane pole is determined to be

Z =0.5095254 .

Since no Z-plane zeros are to be simulated, the Z-plane
transfer function is

1
H(Z) = 7775095254

The filter coefficients are the following:

Bl=0
B, = 0
c =1

A; =0.5095257

A2=O

The integrator impulse response is shown in Figure F.3.3-1.
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APPENDIX G

L T

COMPUTER PROGRAM

US ED IN READING
RADAR CROSS SSECT T 0N TA PES
The documentation and listing of the computer program
used in reading radar cross-section tapes is provided in

this appendix.

SUBROUTINE DATAIN

| MODULE IDENTIFICATION:

Name Classification Code Reference Number
DATAIN Subroutine Not user ref-
erenced

0 PURPOSE:

This subprogram is used to read Radar Cross Section
data types generated by the General Dynamics/Ft. Worth
RCS measurement range.

3. INPUT PARAMETERS:

None

4. CALLING SEQUENCES:

CALL DATAIN
Where: Data is passed via blank common.

- RESTRICTIONS, REQUIREMENTS, AND MISCELLANEOUS DATA:

(a) Data read from the magnetic tape is placed in an «
array INDAT. In addition, a status word IERW is 1
generated to indicate errors during read, if any.

The specification in Fortran of the blank common
area containing the above follows:




COMMON INDAT(309), IDUM(3), IERW

IDUM(3) allocates storage for status words used
by the subroutine.

(b) The character sets of the RCS tapes and the Honey-
well computer differ in the representation of
"="" and '"+" signs. Therefore, this routine conn-
ects all occurrences of the above 2 characters
into their appropriate representation in the
Honeywell character set.

(c) The following GCOS Master Mode Entry (MME) rou-
tines are used in this subroutine:

GEINDS and GEROAD. Reference GCOS manual BR43C
for an explanation of these routines.

(d) The file code allocated for the magnetic tape
is 13. 1If a different file code is desired,
the variable FA should be changed accordingly.

(e) This subroutine is structured to read records
that are 1850 characters in length.

6. THEORY OF OPERATION

Upon entry to the subroutine, the necessary control
words for GEINDS are set up and GEINDS is called. GEROAD
is called to halt execution of the program until a record
is read from the magnetic tape unit. Upon completion of the
read, the status word returned by GEINDS is processed to
determine if an error occurred and a status word, IERR, is
generated for use by the calling program. The values of
IERR are the following:

IERR = 0 No error detected
=1 End of file
= 2 Longitudinal parity error detected
= 3 Lateral parity error detected
= 4 Error detected but not one of the above
= 16 Blank tape on read

If the last word of the record is incomplete, the 10
is added to IERR, If the record is short by more than 1
word, then 20 is added to IERR.

G-2
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INCART
IPEF
CTHTH
LEFE

UATRIN

ECQF
EXIT

DALRT

FCK

LATPC
EREF

SKEC

SYMDEF
BELOCK
ESS
EBSS
1SS
gss
USE
CAVYE
LUA
STH
LOA
STH
MNE
RTD
CERQ
ZEROD
MME
LUAG
STRE
ANA
TZE
CMFA
TZE
CHMFA
TZE
LOR
TEA
LDA
STH
TRA
LOA
ANFA
CMFA
TNZ
LOA
TFA
ANA
THZ
LDA
TEA
LCA
STA
ANC
sTE
TZE
CLs
RRS
CHFR
TZE
TNC
Lo
TRA
CHMER
LOA
THC
CHFA
TNE
LOA
STH
TRA
LOG

FEEVIOUS

OCHL
DCH
=-2
STHTR
GEINOS

FA, DCW
STATR
GEROAHD
STARTR

STRTH
=(evo00ae, DU
ERRF
=(@d4e000, DU
ECQF
=(oze000, OU
URLRT

=4, 0L

ERRF

=1, DL

I1ERR

RTURN

STRTR
=(teas7aa, DU
=g@oozoa, DU
PCK

=16, DL

EXLT
=Qeati6e0, OU
LATFC

=2, 0L

ERKF

=2, DL

TIERR
=Qrarevre, DL
IFEF

TESTZ

21

21

=1, 0L

SREC

CARCK

=z2a, bL

ENDE

=2, DL

1ERR

SREC

=%, DL

CHTL

=q, 0L

IERR

CHTL

=1@, 0L

ELANK COMMON

ELUFFER AFRERA

CHAR/AMORD XMITTAL STATUS

STHTUS FRETUREN HWOED

EFFROR FETURN TO CALLING FPROGRAM

ENTRY FOINT

FILE CODE WORD, DATA CONTROL WORD
STATUS RETURN WORD

NGO ERROES DETECTED BY TARFE CONTR
ENC OF FILE CETECTED

OATA ALERT CETECTED

UNENOMN ERROR DETECTED

ENC OF FILE

DATA ALERT

TEST FOR ELANK TAFE ON RERD

LONGITUDINAL FARITY CHECK
LATERAL FRRITY CHECK

TEST RECORD LENGTH RERD
CHAR/WORD REMAINING TO XFER

A=NUNEER OF CHAR IN LAST WORD
G=NUNEEF OF WORDS NOT XMITTED

If Q = 1; then ZERO = 1

If Q < 1; then CARRY = @
SHORT REC- MORE THRN 1 NWOFRD DEFECTIVE

If A < 2; then CARRY = 0

If A # 3; then ZERO = @

SHORT RECORD-LAST WORD PEFECTIVE




E 628 ENDE ASQ 1ERR COMBINE REC. LENG. TEST NITH 10C STAT.
638 CHTL LDXD =@, DU CHRRACTER TRANSLATE + AND = SIGNS
648 NNORD CNMPXB =389, DU BEGINNING OF WORD LOOP
: 658 T2E RTURN
k 668 LDA INDRT, B X@ 15 INDEX REGISTER
i 678 LDX1 =6, DU
! Sl | s St U =07777?27?77708
4 690 TESTC NOP EEGINNING OF CHRR. LOOP ’
4 rd1:] ; cHK =013, DL TEST RIGHT MOST CHAR FOR =
: ’ie TZ2E EQURL
4 228 ChK =032, DL TEST RIGHT MOST CHRR FOR +
- 738 T2E PLUS
: P O — ROIRT —ALR =6 — -
q 758 SEX1 =1, DU
768 TNZ TESTC END OF CHAR. LOOP
’ve STH INDAT, 8
768 ADXO =1, DU
796 TRA NWORD END OF KWORD LOOP
— 808 - EQUAL ERA =0880066, DL CORRECT = SIGN
8te TRA ROTAT
828 PLUS  ERR =0800052, DL CORRECT + SIGN
828 TRA ROTAHT
848 RTURN RETURN DHTAIN RETURN TO CALLING PROGRAM
856 FR Bcl 1, 000013
8680 STATR EBSS = 2 S i
gza DCNL 107D INDAT, 389 BUFFER ARRAY, NUMBER OF WORDS XMITTED
860 DCN BSS 1

898 END
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=

Record Prefix (=)

MSD Model Numher

LSh v talibrattwm Data Code

Run Namher (Used when all other {dentfflers are repeated)
Prequency (L=UF | 2<1-Band, }-S-Banc, 4-C-Band, 5-X-BRand)
Hland

Polartzatton (Trana-ROV: 1=V, 2-HH, I-VH, G4-HV)

MSh
Full Scale Range Sweep in inches

LSD
Blank
MSD
RecHrd Numboer (Progressive from 0000)

LSD
Data prefix (/)

MSD Block Number

LSD (00 for thig application)
Blank
Blank
Sign
MSD

+ 9999

Lso
Sign
MSD One Sample
In~phase component

tn Mtllivolts Repeated | to 128 times

LSD (90 for this application)
Sign
MSD Range {increment per
Quadrature component sample (in inches) to
in Millivoles be marked on each reel
LSD
Sign
MSD
Amplitude Component
in Millivolts
LSD
Blank
Blank
Sign
MsD
Attenuation Level
1.SD
MSD
Cal FPhase on Cal Runs in Degrees
LSD
Sten
MSD
Pltch Angle in Tenths of Degrees
1.5D
Sign
MSD
Roll Angle {n Tenths of Degrees
LSD
Sign
MSD
Yaw, Azimuth, or Aspect In Tenths of Degrees
LSD Notes:
1) All Recordings @
800 _BPI in BCD Code
Longttudinal Pacvlity 2) Fixed Format Bits

Fixed Format Zero
Auto or Preset
Bit Changes

Data Bit Changes

3/4 tnch gap
3/4 inch gap

Next Record

MAGNETIC TAPE FORMAT FOR SHORT PULSE




APPENDIX H
COMPUTER PROGRAM FOR
IMAGING COHERENT

SHORT PULSE TARGET DATA

A printed-out listing of the computer program for im-
aging coherent short pulse target data is provided in this
appendix. The computer program documentation together with a
sample program is located in Volume I, Part 3, Section 8.17.
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-
«

in
40
50
6n
’8
€9
90
186
118
120
1386

1e6z

L)

FILE=IMAGP
COMMON INHDARTC209), IPEF, STATW(Z), IERNW
CHARACTER INDAT1+4E@, INDATZvdEl, INCARTZ4480, THDAT4%414
EQUIVALENCE (INUATC1), INGRTL), CINDATCELY, INDATZ),
* CINOATCLEL), INCRTZ), (INDATL{Z42), TNDAT4)
COMMON/ELOCKL/NPTSF, ITC, KAY, DELTAY, DATAH(548)
COMMON ZELOCKZZ THOLD, ORANG, 1A, 1TH, ICTRL
COMMON/EBLOCKSZ 1CTROL , RF, RN, SP, SN, 1SET, NEND, THT
COMMON/ELKL1/EKL1(S500) .
COMMON/BLCKL11/¥F1¢ 4@, 256), XFG( 40, 256>, XF11( €4, 2350)
1, IT1, TO1, DELI, DDI, XR1<128&), 1TQ, TOG, DELG, OOG, XROBC(12E)

DIMENSION IPATACS46) » IDATAL(S4@) » IDATARC(S40) ’
111AC2) » HERDR (2D » TRARILRCZ) + ITHETAC(2) ’
2THDES(48) » IFSKP(28) » SYSRTTC(4) » THMISSC28) ’

ITSWNDOCLB)
DIMENSION W(40), TGTID(18)
CHARACTER TGTID
EQUIVALENCE(HMZ, BK1C(1))
OATA FI,FPI0Z,DTR, RTDAZ. 14159265, 1. S7687%¢
ODIMENSION CTRELCS®)
UATA CTRELA0Z20, 026, 026G, 052, 071, 078, GE?, 066, 0ES, DE4, DEX,

[

»1. 74522E-@2, 57. 29578/

* ez, 051, 05@, 047, 046, 045, 044, 043, 042, 041, 01, 020,
* 0z7, 0z€, 025, 024, 02z, 022, 0021, 011, 018, 007, D86, 065, 084,
* ez, cez, 01, Geq, 01z, 060, 022, 032/

NAMELIST/CREDL/Z TGTID, NERTGT
NAMELIST/CARDZZ KAY, DELTAY, NWNDOS
NAMELIST/CARDZ/ DFANG, CTGT, THINC, THOLD, FREQ
NAMELIST/CARD4,/ NFILES » NRFS, IR@, LAST, INOISE, NTH, M2, INCX
NAMELIST/CARDS/ MZC, NTHO, RDELY
NAMELIST/CARDES NFSKP, IFSKP

NAMELIST/CARDES SYSATE, TSWNDG, IFSEP

FEAD (S, CARDL)

WRITE(K, 2060) TGTID, NERTGT

FORMATC(’ TARGET =", 1BAE&, * NBRTGT=’,15)
FEAD (S, CARDZ) 3
WRITE (6, CARD2)

IFC NWNNDOS GT. @ ) GO TO 6

WRITE (€,1002)

FORMATC” NWNDOS IS INCORRECT 7 )

CALL EXIT

CONTINUE

NUNDO = 8

RERD (5, CARDZ)

WRITE (6, CARD3)

ALMDA = 11.  B/FREQ

AK =(Z*FP1)/HLMDA

AKE = AE+*DRANG

ACTGT = AK*CTGT

THOLDL = 2@ a+¥ALOGL@CTHOLD)
THTEST = 1@ *THINC

OTH = @. S¥THINC

READ (5, CARD4) -
WEITE (€&, CARD4)

ZNS = INOISE

NEES = LRrST = Ik + &

NFTEF = NFTS/INCX

NTHL = NTH + 1

NTHN = 2*¥M2




e R AR e S N

3
5

(SRS RS
610
£26
Lo
4 a
[N
(N (]
€

s

o

i)
560
£98
Jae
718
c20
30
’4a
’Sa
Tel
TP
Ea-1%)
798
S8
£18
gz
£zo
gaa
€s5e
geo
E76
sga
£90
san
91p
920
aze
940
as5n
9eb
are
aga
aap
1040
1918
1nzp
168
1Hda
1u5@
1ak
1978
105l
1o%@
11@9
1:19
1128
1130

I1TI=NTHN
I TO=NTHN
¥NTH = NTH

NMNTHDZ= NTHNA2

MTOZ = NTHCZ

‘ = HTH - NTQe)
FlOo xNT2

€ LR R WETGHTING FUNCTION DEFINITION ¥k Ak

NTOZN=NTO2-1
7 I=1, NTH
} HiEHE(NTOZX~12

C« COSCXTH)

WCl2=0 BE+D. 2% CXTHYCXTH

17 CONTINUE
HEITELE, 2676) W
CETE  FORMATCY WEIGHTING FUNCT=",€F1@ S, (“gF1a@. 5))

[

-1

= i o
L, v

nwou

WRITE (€&, 75002 NFTS, NTH, ZNS, NPTSF
7580 FORMAT <° NPTS =-,1S,/“ NTH =7,15,77 ZNS =7,F18. 2/
1 * NFTEF =/,15 D

IF ¢NFILES .GT. @ . :AND. NFILES . LT. x@» GO TO &
HEITE (£,1084)
1004 FORMAT <7 HNFILES INCORRECT 7))
CAEE EXLT
& CONTINUE
NHDS = Z@axNRPS
NEAR = 1852
1F{ NRFS .GT. @ . AND
1 NERS LEe. & > GO TD 18
MWEITE <€, 2@20)
spz@ FORMATCY NRFPS INCORRECT < )
CALL EXIT
18 COMTINUE

RERD (S5, CARDS)
NFTSS = ZxxM2C
WEITECE, 4801) NFTSS, NTHN, NTHO, ROELY

4001 FORMAT « * @NUMEER OF FOINTS TRANSFORMED IN TIME DOMAIN = ©, 15,/
1 NUMEER OF FOINTS IN ANGLE TRANSFORM = ©, 1S,/ °© NUMEE® OF THFES
CHOLDS IN RTI = ¢, IS, ¢ © EXPECTED MAAIMUM RMPLITODE OF IMAGE =

IFE 4
ol NETSF+NTHN*KRY

YL e a

Y AUELY + NTHNYDELTARY

FEHD <S5, CARDED

WEITE (€, 2020)C [FSKFPCJI, J=1, NFEKP D
2030 FOURMAT" FILES TQ BE SEIFPED “, /" 7,18¢02XK 192 2

» NP

(
c
JNISS = @
tFILE = 3
[SKF = 1
Coeany EEE A ¥k T E ]
C

FEAD S, CRROE)
SYSATTCL ) =SYSATER
TEWMNL D1 =TSNNDR

1 CONTINUE

ITHFG = @

THLESCL ) = TSWNDOCNWNDO)

L0 40 J=2, NTH

THOESC(J) = THOES(J=-1)> + THINC

4@ CONTINUE

a2-2
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THFIN = THLES(NTH)
1F ¢ THFIMN G6E. 268. 8 ) ITHEG = 1
WEITE (&, 76105 NWNDO, SYSATTC1), THUESC(1),

FOGRMARTC(/ AEFELCT WINDOW NUMEER’, 12,77 SYSATT
DEGREES 7

© WINDOW FROM “,FE. 1,7 TO “,F6. 2,7

00 45 J=1, NPTSF
00 45 JJ=1,NTH
XFe JJ., I G.0
XF1 <JJ, 3 g.9
COMTINUE

IF( IFILE . ME. IFSKF(ISKF) ) GO TO 27@
WEITE (&, 60086)
FORKHRT ¢< FPEE TEST START %)

CONTINUE

CARLL CATAHIN

IFCIERW. EG @) GOTO 251

CALL ERRFRC

IFCIERN. EG@ 1) GOTO 255

GOTO 251

HRITE (€&, Te0@) IFILE

FORMATC  EYFARSSED FILE 7, IS )
IFILE = IEECE-+ 4

IFC ISKF . GE. NFSKF > GO TO 27e
FSKE = TSKP * 4

GO TO 258

HEITE (6, 6007)

FORMAT ¢ FILE TEST END ~ FILE FROCESS BEGIN 7, I11@)

IFRSS = ¢
ICER = @
IGN = 8
$AEST =
IK = @
ITH =2 ITH + 1

2]

ISRT = &
IHD =2
CONTINUE
CALL DATAHIN
ISTPF = ISRT + 89
IEC TSRY €00 =1 3 [HD
IFC 1SRT EG. 1&1)> IHD
IFCIERW EQ. 0. OR. IERK. EG
CARLL ERRFRC
IFCIERM. EQ. 1) GOTO 18
IFCIERN. GE. 2By GOTO 76
GUTO 215

won

1
2
.16, OR. IERN. EG. 13

IF < IHD .EG. = > GO TO 290
ISRTE=ICSRT+22

CECODECINDATL, 67102 (HERDRCJ), J=1,3),
CIOATAICT ), IDRTRGECJ Y, J=18RT, 1SRTE)D
FORMATC(ZAE, 2X, 22C(OX, 215, SK)2

H-4

THLHES(NTH)
=,F8. 2,/

GOTO
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[SCTT=1SRTE+

LERTE=ISRTE+24

DECOLECINDATZ, €7226) CTOATALCSY, IOATAGRCI Y, J=TSRTT,
Fls T{cd S8, 215, 5X))

TSRTT=1SFTE+L

ISETE=ISRTE+24

CECOLECINDATZ, €720) (ICATRICS), IDATRECIY, J=1SRTT,
1SETT=]1SRTE+L

[SETE=]1SRTE+1Y

CECQUECINGATS, €230 (IDATRICI), IDATAGCI), J=1SRTT

TEARILKR<Z), ITHETACIHD)
I, 2RE6, A5, 17)

FITRCTRO) CTRRILECEY, = l»b.
FOSHMATCLOACSE, 215, GK), 2K
GO TG 200
CONTINUE

—

Ie GISRE B@ & AND 18TST . EQ. . @Y 60 10 79
[ISRTE=15RT+22

CECCUECINDATL, £74@ CIDATRICI), JIDATARCID, J=15KRT, 1
FOFHMHATLITZ2L, 235X, 215, %))

ISETT=1SRTE+L

ISFTC=ICﬁTE+d4

CECODECINDATZ 28> CIDATAICJ), IDATHOCS), J=1SRTT,
FERTT —ICFFE¢1

ISRTE=ICSRTE+24

CECOUECINDATZ, €720 CIDATARICJIY, IDATAGCI), J=1CRTT,
ISRTT=]1SRTE+1

ISRTE=ISRTE+19

CECODECINDRTS, 67202 <IDATALCI), IDATAQCSD, J=18877

IFC ISTF . GE. NHDS ) GO TO 2@
ISET = ISRT + 9@

IHD = 2
GO TO zEe

COMNTINUE
NEE=FLDC(21,15, IFEF)
IFCnNER. GT. 100> GOTO 72
CONTINUE
WREITE (€,5148) THCOESCITH), HER
FORMAT C @SHORY RECOREC FOUND -~ ANGLE = 7, F7. 1, 5N
CALL DATAIN

IFCIERW EQ. & OF TERN EG 10 OR. JIERW. EC. 12D GOTO 79

CHLL ERRFKRCE

)i ST L A 1A 1 2 8 o L
IFCIERN. GE. @) GOTO 74
GOTO 219

WEITE (6, S1E80)

FOFMAT (° SHORT FECCR[ RSSUMED TO EBE GAHF NOISE ‘)
IGN = IGN + 1

P Cl1EN GE. =) CHLL ENIT

IHD = X

GO TO 2ta

CONTINUE
DECODECINDRTY, €012) (91, 132
FORMBT(TEZL, 15, T241, 18)

i ler CET- B AND 192 (LT, & 060 10 86

IF ¢19TST _E@. 1> GO TO 76

HEITE «e&, 9a@4)

FUSMAT ANNKNNKNKNYY FIRST RECORD OF FILE EBRD XXXX
60 TO ?6

18T = 3

ISTPF = 99

IO = 3

[9TST = 1

H-5

B -4

[SRTE)

ISRTE)D

[SRTE)D,

SRTE)

ISRTE)

ISRTED

i
o
m

CNER =7, 1E)

CNRXXXR A7)

g
;

AR
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115

129
1@

€81

Soe

IGN = @
GO TO S2

WFEITE (€&, 7002) IFILE

FORMATC 4 * OFILL ASSUMED AT END OF FILEC’,12,°)...REFLACE DATA ST
LARTING WITH RESTART ANGLE’ )

IF ¢ ¢ THFIN - THDESCITH) > .LE. THINC ) GO TO %€
I0FT = 2

IFILE FFILE + 3

1971ST 2]

GO TO 278

HRITE ¢ €,53240 ) IFILE

FORMATC - FILE“, 15, “1S ASSUMED COMPLETE? )
I0FASHM = 2

GO TO 4p0

uou

CONTINUE

WFITE C(€,7068%2) IFILE, THETH

FORMATC” ERROR ATTEMRTING TO REARD FILEC ., 12,77, HSFECT=",FE.1 )
I0ER = TOER #* 1

IF ¢I0ER .GE. 1@) CALL EXIT

GO TO 76

IGN = @

RESITH = ITHETACL)Y - ITHETARC(2)

IF ¢ ABSCARESITHY .GT. THTEST » GO TO 120
THETR = ITHETAC(1)/16.

GO TO 130

FFEC 1TH ER. 1 > GO TQ 119

Ti ITHETAC1)/180.

T2 ITHETARC(Z)/16.

01 ABSC THETR - T& )

(3 ABSC THETAR - T2 )

IF¢ &4 LT, P2 )X G0 TG 125

THETA = T2

GO TO 120 ¢
THETA = T1%

CONTINUE

IF ¢ THETA . LT. 3@@. . AND. 1THFG .EG. 1 > THETA = THETA +

oo

(e
o
[
«®

ISPIST = ISPIST # 1

IF ¢ BSETSTY o NE. Z ) GO TO 219

IF¢ SYSATTC(1). EQ. 11AC1)Y/16 OF. SYSATTC(1) EG I1I1AC2)716G.) GO TO319
MEITE €€, €015) SYSATTC1), IFILE

FORMAT (- @++xvs ATTENUARTION LEYEL OF THFE WARS NOT EQUAL Ta“.FE&. 2,
1/ 4 FILE N@. =",15 )

CALL EXIT

CONTINUE

CONTINUE

G0 TO (224, 321>, 10FT

10FTY = §

( SYSATTC1) EGQ IlACLYZ18. | OR. SYSATTC1). EQ. I1ACZ2)71@. ) GO TO%ee

HRITE (6,6015) SYSATTC1)Y, IFILE

CONTINUE

TEST = THETH

J = @

J = ¢ % 3

IFC ABES< THDESCJ) - ARESCTHETA) ) .GT. OTH » GO TO 222
NN = NN + J - ITH

CONTINUE

H-6




AD=-A031 480 GENERAL DYNAMICS FORT WORTH TEX CONVAIR AEROSPACE DIV F/6 17/9
ENDO ATMOSPHERIC-EXO ATMOSPHERIC RADAR MODELING. APPENDICES: A===ETC(U)
JUN 76 R'J HANCOCK: F H CLEVELAND F30602-73=C= 0380
UNCLASSIFIED RADC=TR=76-186-VOL=4=PT=1




e e e =
:
: 1y E
5 N 1TH= J
2 2250 IK =
§ 2279 60 TO 240
2289 C .
ST 124 CONTINUE :
2200 332 IFL REBS{THDESCITH) - ABSCTHETA)Y D LE S DTH Y GO 1O Z40 !
k. 3 IF ¢ THETA . LT. THDESCI1TH) ) GO TO 238 b
4 3 I1f¢ LPASS -~ EQ. 12 ) GO TO 356
i 2 MRITE €€, 70L0) THUESCITH)
B Y JO1LDd FORMATK * ASPECT ANGLE “,F6. 1,7 HISSING 7 )
3358 IMIES = I11IS5S + 1
32260 Julss = JMlIsSS + 1
3 2270 THMISS(JNISS) = THULESCITH)
3 3380 IFC - FMISsS BT, 08 2 6O TO 2248
k 3390 WRITE ‘e, 2011)
_aae TO1l FORMATC: TOO MANY ASFECT ANGLES MISSING 7 )
3418 CARLL EXIT
: i4zi Z¥1 CONTINUE
? 3420 IF¢ THOESCITH) . GE. THFIMN > GO TO 406
b 2440 ITH' = ITH ¢ 1
2458 K =. IK # %
23ED GO TO 330
(408 C
24gn I LE € ERASS T CEQL 2 F G 10 27¢&
2490 GO TO £SO
S5¢8 2468 IPRSS = 2
2510 NN = NN + 1
zSca €
32530 HRITE ¢€,70206) NN, ITH, CHERCS<J), =1, ), [1ACL), (TRAILE{JD, J=1,2),
2549 1 TRARILECZ), ITHETRC(1)
ERY) Tece FOUPMART (“ OQSHEEPC , 132,73, THDESC’,12,7) ‘., XHE, ¥, 1%, ZAE, AS, 17 D
i5€8 I8 CONTINUE
c] Iniss = @
i@ GO TO <27%, 255), IPASS
g (7
260D 255 CONTINUE
3610 LE = L+t
628 JF = @
2620 DO 256 J=1, NPTS, INCX
: 348 JF = JF + 1
2ESH d& = Iika ¥ ¢ = &
2568 I = 1CARTAICJII)
iedp neto= JDATROCSG)
Zegn SEFICIk,JF) = X1/716000
: iedd WFGCLE,JdF ) = KE/Z716060
2 708 336 CONTINUWE
: 716 TEC THOESCITHD Lt TiHE ENS DS G0 T 02 EeD
; 3720 (>
3728 5
ilag 400 CONTINUE
2750 WEITE <&, Z2R66)
iTep 000 FORMAT ¢ FILE PROCESS END 7O
778 7
37 ee IF CIHins | EW. @) GO TO 464
2738 HELITELE X0, CTHMISSCJ), J=1,JNM1SS)
AL crap FORMAT ¢/ ! IR R R R U I R SE SR I S S SR B B S SR S S S B B PARA S E LA Ay 3
§1@ Levsonrawwey / OTHE FOLLOWING AHSFECT ANGLES MEFRE MISSING &7, (Fln 1 i
gz AR AT D R B A A AR A S A SRR AT A IR ST T A R ARG RA R AN AR Yy
18329 CR A SV |
S8a4w ded CONTINUE !
- L
21860 C ey e AEFLY CORRECTION FACTOR AND WEIGHTING FUNCTION
370 C 1
S50 00 45¢ J=1, NFTSF
“g9g CRA = AKRJ -ACTGT 4
H-7




e wr

3900 DO SSe¢ Ik= 1, NTH
39180 TH = (1K-NT02)*THINC
3920 XCTH = CRA«COS¢ TH«DTR )
39380 ¥1 = COSC XCTH)
39480 X@ =-SINC XCTH)
2950 XFIX = XFIC 1K, J)
3960 " XF@X = XFQC 1K, J)
3978 XRIC 1K) = ( XFIX#X1 - XF@X*XQ )*N( IK)
29580 XRQC 1K) = ¢ XFIX#XQ + XFQX*XI D«H¢ 1K)
3999 554 CONTINUE
4000 c
4010 IF ¢ NTH GE. NTH1 ) GO TO 556
4820 — - DO S55 IK=NTH1, NTHN <
4928 XRICIK) = 8.8
4049 XRQCIK) = 0.8
46580 555 CONTINUE
4068 556 CONTINUE
4070 e
L s PELI=1.8® T~
4098 DELQ@=1. 8
4100 CALL IFTC(XRI, XRQ)
4119 IK=NTHN
4128 DO 492 11K = 1, NTHN
4138 X1 = XRICIK)
4140 X0 = NPT T £
4158 XA = SQRT( XI*X] + X@*XQ )/XNTH
4168 IK=1K-1
41780 IADD=1FIX(48. 8+206. B*ALOGLBCXR)+0. 5)
4188 IFCIADD. GT. 43)IADD=44
4198 IFCIADD. LT. 5)1ADD=4
42068 " 5 ¥FIICIIK, J)=CTRBLCIARDD)
42189 493 CONTINUE
4228 c
4238 459 CONTINUE
4240 WRITE (6,7518)
4258 7518 FORMATC1M1, AMPLITUDE <(TRANSFORM IN THETR DOMAIN) ° )
42680 00O 466 J=1, NPTSF
4270 RJ = J*DRANG
4280 NRITE (6,7528)RJ, (XF1ICIK,J),1K=1, NTHN)
4290 468 CONTINUE
4300 7528 FORMATCLH ,F8. S, 186R1)
4210 c
4320 T T JMISS =@
4228 IF¢ NWNDO EQ. NNNDOS > GO TO S
4348 NHNDO = NNNDO + 1 .
4350 READ (S, CARDS) :
4260 SYSATT(1)=SYSATQ
4279 TSHHNDOCNHNDO) =TSHNDQ
4288 " GO TO (599, 31, 418) , IFSEP
4398 599 CONTINUE
4460 TEST = TSHNDOCNWNDO)
4410 IF ¢ TEST .LE. 2@8@8. AND. ITHFG .E@ 1 ) TEST = TEST + 360 »
4420 J =8 : 3
4429 668 J = J + 1 3
4448 IF ¢J .GT. NTH) GO TO €86
4458 IFC RESCTEST - THOESCJ)) .GT. 8.1 ) GO TO 668 . .
4460 IK = @
4478 0O 662 L=J,NTH A
44880 IK = 1K + 1 ;
4499 DO 661 LL=1, NPTSF
4500 KFECIK, LLY = XF@CL,LL)
4518 681 NFICIK, LLY = XFICL,LL) i
4520 662 THDESCIK) = THDESCL) ‘
4528 LL = TK ¢« % %
4549 0O 68% L=LL, NTH
4558 60% THDESCL) = THPESCL-1) + THINC
H-8




T Lo ” S ke
A5 ¢ 1THFGL = @
4574 (0 e84 L= 1, NTH
a5RQ IF ¢ THOESCL) .BGE, 268. 2 1THFG = %
R €od CONTINUE
Aol MEITE (€. 7610) NWNDO, SYSATTC(1), THOES(1)Y,
161 LER = 1K
46280 THFIN = THOESINTH)
450 00 €65 J= t, NPTSF
aE 50 O e@S JJ= LL, NTH
4550 YEQ (JJ.J) = 6.0
deeit NF1 (JJ.J) = 988
460 S CONTINUE
4680 GO ro 275
4650 C
aron ERE CONTINUE
4716 WEITE &, 700E)
arvoe 7EBE FORMAT < Nt MATCH FOUND FOR ANGLE ° )
472710 CARLL EXIY
4749
4°5% 416 CONTINUE
aTER 1F ClOFASKM .€ER. 1) GO TO 415
47070 IOFASKH = 1
aree GO TO 411
47 %0 415 CONTINUE
sy CHLL DATAIN
4810 [FOIERKH EQ &) GOTO 418
4g28@ CALL EFRFRC
4828 IFCIERK E® 1) GOGTO 411
4248 WREITECE, 7OZ1)1IFILE
42589 GUTO 41@
4260 T@IL FURMAT ¢ FREACING TG ECF IN FILE 7,15)
4478 €
4288 C
AEEg 441 URITE (&, 70043 IFILE
4308 7eod FORMATC - COMPLETED FILEC ,12,7) * )
491 @ IFC IFILE .EQ. NFILES ) GG TO 6@
490 S R e A &
4528 GO TO 21
4948 €
4458 €160 HRITE <&, 762Q)
4261 TEZO FOFMATC’ FILE FOR NEXT MWINDOW COGES NOT EXIST ON
4978 GO TO S
4988 END
a9%9p SUBROUTINE ERFFPRC
Sea0 COMMON TNOATCZO%), TFEF, STATNCZ), 1ERN
Sa18 CAHTH TELEL/00DROOOOGBZOZAO/
Sitea DATH IFEARD, JERFL, IERRZ, IEFRE, IERFR4 /G, 0, @, @, 87
Seza LRTH TERRS, JEFFE/D, B/, TN/E/
SU40 IFERD=IFREAD+L
SOS60 [FCIEFK EQ @) GOTO &0
Spel 1STAT=FLECA, 12, STATHCL))
5079 IFEC=FLDCE, 1 &, INDATC2))
Suee IERR=]ERN
Su30 IF/IERR. LT. 16) GUTO Zz@
S1e8 lEFE=]ERR-10
5118 IERR1=TERR1+1
512@ IFLTERR. LT 18) GOTO z8
5120 [EFR=S
5146 s URITECIW, 10@1)> IERN, IFEF, IREC, ISTAT
5159 1001 FORMATOLH , 12, 4%, 06, 1K, k3, 1K, 04)
5168 ie IEFF=TECR+1 .
S17@ GUTQLE0n, S50, €00, €50, 700, 750, £56), 1ERR
54€0 oo [TEST=FLOCLZ, 12, INCATCZG4))
S1%@ IFCITEST EG, T&LEL) RETURN
5209 JERFE=TERRE+L
5216 WRITECIW, 1003) ITEST

H-9
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S22e 18003 FORMARTC(LIN , " ITEST=", 04)
5220 RETURN

;! 5240 558  IREAD=IREAD-1
. 5250 WMRITECIN, 1008) IREAD, IERKY, 1ERRZ, 1ERRY, 1ERR4, IERRS, IERRE
R 5268 1608 FORMATCLN ., END OF FILE DETECTED’, 14, RECORDS PROCESSED BY 7,
; 5278 « © ERRFRC  ERR=",6(]3,1X))
i 5288 " - IFCIERR. EQ. 7) CALL EXIT
; 5299 IREAD=O
; 5:00 1ERR1=0
/ 5310 1ERR2=0
’ 5220 1ERR3=8 1
k- 5320 1ERR4=0
: 5240 [ERRS=8
; 525@ 1ERR6=0
i 5368 RETURN
5378 6668 IERR2=1ERR2+1
5380 WRITECIW, 1004) IREC, ISTAT
5396 1604 FORMATCLH ., “LONPCK-7, R3, 04)
5400 GO TO 688
5410 656 IERRI=IERR3+1
5420 NRITECIN, 1885) IREC, ISTAT
5438 1665 FORMATCLH , LATPCK-/,R3, 04)
5440 GO TO $00
5458 700 I1ERR4=IERR4+1
S468 NRITECIW, 1886) IREC, ISTAT
5470 1666 FORMRT(LH , “ UNKERR-‘,R3,04)
5480 GO TO 00
5498 750  IERRS=IERRS+1
5000 GOTO S68
5510 €56 MWNRITECIN, 1815)
5528 1815 FORMATC’ BLANK TRPE ON RERD=THIS JOB WILL TERMINATE’)
5528 GOTO 558

5548 END
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APPENDTIX i
TSAR SIMULATTION
RUN CATALOGUES
Listings of all the computer program runs for the

TSAR Simulation are provided in this Appendix. A detailed
explanation of these tables is found in Volume 3 of this

series.
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€6L66Z°0]S3A | S3A z 0°s¢ e°s- Y 0S6°0|. € 0S6°0 | OT°0 |O°T | %1 90-S| 196S¢
S3ax ON 1 0'02 0°¢- v 0s6°0|" o1 0S6°0 | OT'0 [S°O| %1 90-€ | 1Z9SL
16897 = DANS 4q peydung e3eq S3X | s3ax € 0°s1 0°s- v 0S6°0 € 0S6°0 | OT°0 |S°O| %1 61-Z| 1S9L€
0%Z = S1dOON ON ON '3 0°S1 o'zl ] 0L €l o1 OL°ET 01’0 |S°0| %1 90-Z | 19%Z8
0%1 = STdOON ON ON L 0°sSt o'zt 4 0L€l o1 [ TR A 01’0 [S°0| "1 S€0-Z | 11viz
S3x ON 1 0°¢¢ 0°S- Y 0'S £ 00°S | OT°0 [O°T | %1 €T-T| L1L1Y
sar | oN 1 “ “ Y 0y € 00°% | ot'o |o1] "t ~ 11L1%
‘ S3A ON 1 L/ 0°¢ € 00°¢€ 01’0 [O°T | %1 I1L1y
S3A ON 1 0°¢s¢ 0°¢~ 92 [ 4 £ 00°2Z 01°0 |0°T | %1 FATAS ]
ON ON 1 0°0¢- 0°0¢L- Y 20°19- o1 %019~ 01°0 |0°T | %1 1Z-1 | 1184€
WN1339dg N3O JO uedS SuIRILO) ON ON 1 0°¢S¢ 0 %= 01 0"y 01 0'Y 01’0 |0°T | %1 ZZ-1| 1z068
an1339dg N3ID) O uUBIS sSUFEIUOD ON ON 1 0°¢6¢ 0°¢- o1 o't 01 0°% { o1 Do LM ZZ-1| 1zo68
un13dads N3O0 JO uedS SUFRIUO) | €6L667°0] ON ON 1 0°¢¢ ¢ B 01 02 o1 0°'Z | O1°0 |01 | %l TT-1| 1z068
06S9%¢ 0| ON ON 1 0° ¢t 0°6- ¥ S6°0 € 056°0 01’0 {O°T | %I zz-1| 12098
3 €6L667°0|S3A ON 1 0°S2Z 0°6- 2 $6°0 € 0S6°0 90°0 [S°0 | %1 1z-1] lé%wLe
pea1301duy ®IeQ 2319888) ON ON 1 0°02 0°¢6- L] S6°0 € 0S6°0 | 90°0 |S°O | %1 81-1| 1i8%¢
ON ON 1 0°¢¢ 0°¢- Y $6°0 E 0S6°0 Iojo'viw L1-1| 1s08¢
ON ON 1 0°¢1 0°'0 Y €6°0 € 0S6°0 1°0 |S°0! %1 (1-1} 18ZLT
ON ON X 0°61 0°0 b} $6°0 01 0S6°0 10|50 7 91-1] 1889¢
ON ON 1 0°¢¢ 0°0 b} $6°0 01 0S6°0 1’0 10°T| %91 91-1{ 10049
ON S3x 4 0°¢¢ 0'0 9 $6°0 o1 0%6°0 1'0 |0°1 ] %1 SI-1| 196S¢
ON ON 1 0°¢¢ 0’0  J 81°¢L ot 81°¢L 1’0o jo"t | %t Y1-1( 19178
ON S3A 14 0°s¢ 0’0 ) 81°¢L o1 81°¢L 10 10°11 %M 11-1| 1106¢€
ON S3A 4 0°¢s? 0°s b} oL'¢et ot ocr’et I'0|0'T |9 11-1 lzseze
ON ON [4 0°6Z 0'¢S Y oL el o1 oL'el 1°0 |O°T | %1 01-1| 1(968
ON S3A T 0°§Z 0°s h / olLet ot o€t 1°0 {0191 01-11 1z188
ON ON 4 0'2 0°0. s ) $6°0 o1 056°0 1°0 |O°1 | 91 Ol1-~1| l1i€8
ON ON . { 0°0t 0°¢- ) $$6°0 o1 $56°0 1°0 (0" | %1 60~1( 1499¢
ON ON | (L 0°01 0°S- v} SS6°0 o1 $S6°0 1°0 ([O°'T | 71 80~1| l608¢L
ON ON 1 0°01 0°¢- Y §S6°0 o1 $s6°0 1°'0 (07T | 7 L0~1 | 1660%
ON ON I3 0°01 0°¢- 9% $S6°0 o1 €S6°0 1o [o°T |7 L0~1| 11282
ON S3A € 0°'01 0°¢- 4 €56°0 € €$6°0 1'0 {0°1 | "M £1-21 ) 1995¢
ON S3A 4 0°¢ 0°¢- Y $S6°0 € €S6°0 1'0jo't < €1-21 | 1uL8e
ON ON 1 0's 0°¢- Y €S6°0 € $$6°0 1°0 {0°1 | 7 £€1-21 ] 19641
NI Ul € = SINdN ON ON 1 0°0¢ 0°§- % SS6°0 € SS6°0 1'0j0°T |7 %0-T1 | 18L88
ON oN i 0°0% 0°s¢ v 0°09 5 0°0% 1'0(0°1 1 "M €0-21 ) 14102
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ANTENNA LOBE SCANNER

O TSR T DATA

The output data of the Antenna Lobe Scanner computer
program TSAR Simulation runs catalogued in Appendix I is
provided in this appendix. The relative gain and direction
of the antenna pattern side lobes are given for various
absolute gains of the main lobe. Listings are given for side
lobes, both in order of magnitude and in order of position,

Each page represents one run, which is identified in the
upper right hand corner of the page. The snub number (SNUMB)
and the data ‘e.g. 1-22) correspond to the first two columns
of the catalogues in Appendix I. The pass number refers to
the entry number for that snub number and date. For example,
'""SNUMB=8902T, 1-22, Pass #2'" shown on page J-3 refers to the
second entry of '8902T, 1-22" on page I-2.

Y

Plots illustrated in Volume III use these same
identification markings.
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B

lable J-1 ANTENNA LOBE SCANNER OUTPUT

® ® o & ANTENNA | MBE SCANYER o o o @ SNUMB"‘8902T
1-22,Pass#l

1 YWE Wal\ LORE GAI% 1S 47.8218226

B LOCATION aND PELATIVE GAIN 9F wWIGHEST 20 SIDE (OEES

RANK REL, GAlN ANGLE
t 08 ) t DEG )

i AN 0.0 2.0000000
] 1 -13,0061284 1,3500000
2 =13,0291%9¢ 2,6500000
3 *17,6041954 0,9000000
. “17,68058404 3,1000000
H) -20,6241126 3,5500000
6 -20,6423063 0,4500070
? =22,90%297} “«0,0000000
] =22,9475689 4,0000000
: 9 -24,792621¢ =0.4500000
: 19 ~24,793108) 4,4500000
g 11 -26,36%0013 4,9000000
i 12 -26,37916907 -0.9000000
13 “27,76263%24 -1,3500000
14 =27,7920%8% . 5,3%00¢00
15 ~28,9807363 -1.,8000000
16 *29,0251%12 5,8000000
17 *30,0771034 =2,2500000
18 =30,131166% 6,2499999
19 =31,120296% 6,699999y
20 ~31,18367(5 =2,7000000

MAIN LCBE NULL AND FIRST 290 SIDE-LD3ES T2 RIGHY oF (ABCYE) Mal“ LOSE
L}

DANK FL. GAIN TRUE ANGLE AEL, ANGLE ;
{ 08 ) { DEG ) U DEG ) ~oF
“AlN LOBE se NULL ve 2.4%00000 54
1 ~13.0291300 ° 2,6500080 0.6500000
] 2 =17.6058664 3.1000900 1.1000000
3 3 =20.624112¢6 3.5%000190 1.5500000
] . *22.94056A5 4,0000000 2.0000000
5 *24,7931080 4,4500299 2.4500000
6 *26.3530013 4,9000000 2.9000000
? =27,7920585 5,3500000 3.3500000
8 =29.0261512 5.8000000 3.8000000
9 =30.1311698 6.2499999 4,2500000
10 =31.1202945 6,6999999 4.7000000
11 =32.0837040 7.15%00000 5.1500000
12 «32.9214311 7.6000000 5.6000000
13 =33.74795%4 8,0500000 6.0%00000
14 «34,4775%119 8,5000000 6.5000001
15 *35.0804257 B.949999% 6.9%500000
16 *35.61955%3 9.4000000 7.4000000
17 =36.123905%2 9.9000000 7,900000¢0
, 16 =36.5594797 10,3499999 8.349595%3
: 19 *36,9003377 10.,8499999 8.8499997
20 *37.2910542 11,3000000 9.3000099
CAIN LOBE NULL AND FIRST 20 SIPE=-_72FS Y9 LEFY OF (BELNWA) “AIN (0BE
ANk REL., GAIN TPUE ANALE QEL, ANGLE
( 08 ) { DEG ) ¢ DEG )
“AlN LOBF oo NULL oo 1.5%00000
1 *13.0261264 1,3500000 =0.6500000
2 *17,6041594 0,9000000 «1,1000000
3 ©20.6423063 0.4500090 »1.5500000
‘ *22.9092073 -0.0000090 ©2.,0000000
5 -24,7924216 -0,4500090 «2.4%00000
6 ©26.39149%7 -0.9500000 «2.9000000
’ «27,7626324 -4,3%00000 «3,3%500000 9
) 5 *25.9807363 -1.,80900000 ~3.8000000
9 +30.077193 -2.2%00000 «4.2499999 %
10 *31.1838745 -2,76000000 «4.7000000 3
13 =32.0971685 -3,1%00090 «5.1500009 3
12 *32.9%0747¢ -3,6000000 =5,6000000
13 ©33,6750013 -4,0%00000 =6.0%00000
14 =34,4081944 -4,5000000 «6,4999999 1
15 ~35.0R68244 -4,9500000 «6,9499999

ND FUPTugR Sing (“FS On TwiS Sipe P

R —




—-

s W

Ta

ATy

® @ o & ANTENNA (OHF SCANNER o o o o

TwE MalN LORE GAIN IS

47,8174213

LOCATION aAND RELATIVE GA[Y 9F WIGWESTY 20 SiPE ("

RANK

mMALlN

D O® NGV WA

A ba ba be ba ae
OV A e

o o g
o ® -~

~
©

AN UOBE oLl AN

REL, GA N
t P8 )

0.0
~12,9490414
=12,96%4882
-17,5583034
~17,6226730
~20,606545%
~20,6421523
~22,90%46061
“22,91485v%
~24,7624536
~24,7763491
~25,30R72952
~26,37%3434
~27,69%5977
~27,72%3823
~28,91%8%8
~28,9506540
~30,0383978
~30,1132083
=31,0468960
=31,152544(

AN
(-

O FIRSY 20 SICE-LC3ES YO RIGNY OF (Ad
« REL, AN TRUE ANCLF
( &3 ( DEG )

LOBE s N __ eoe 3,4500279

1 -12.9864882 3.6500000

2 *17.62287Y) 4,1300090

3 ~22.6422522 4.55640000

) «22.714853%93 4,999999%
5 ~24.7761693 5.4500003

é «26.375%¢6%¢ $.9200000

? *27.7253%823 6.3500010
8 28 . 3804547 6.8700000

5 -33.038%978 7.2499999
10 «11. 0488540 7,6%99999¢%
11 -32.078287% 8.1500000
2 ~7¢. 578999 8.5999999
13 =33.70264%4 9.0500000
1 ~t4. 5819655 9.4499999
15 ~34.4971533 §.5500000
16 =35.092%¢672 10.0000000
17 =35.61692% 10.,4499999
18 *%6.14278%, 16.9n0C090
19 «36.5689917 11.,6€459999
20 =36.541858%5 11.9000000

MATN LOBE SLLL AND FIRSY 20 SIBE-LNHFS 1O LEFT OF (BE
R REL, 54N TRJE ANGLF
{ 098 ) t DEG )

(%a 12 o6 \NiLL oo 2.5502000

i «12.9499%614 2.3500000
2 «17.55880%8 1.9300000
3 =20.60654P3 1,4500000
‘4 «22.9054068) 1.6200000

5 ©24 74245%6 0.5%00000

6 *26.306870%3 0.18000%0

7 *27.693%997 =0.,35¢c00n0

8 «28.919R3n08 -0.8300000
9 «30.1132043 =31.25%00000
0 «31.192%449 -1.7900000
11 ~32,5609813 -2.15000230
12 «2.9259042 ~2.6%00000
13 *33,6953646 -3.0500020
14 *34,40293%4 -3,5000000
15 ~35.0406642 =3.9%00000
16 «35,7414548 -4,4500000
¢? ~36,2872109 =4,9700000

N0 FURTHEP Spmg ("5eS On '

1S Stce

SNUMB=8902T
1-22,Passi?2

£°§
GLE
ES )
3.0002000
2,3%500000
3,6500000
1,9000000
4,1000000
1,4500000
4,5500000
1,0000000
4,9999999
0,5500000
5,4500000
0.1000000
5,9000000
=9,3506000
6,3500000
-0,8000000
6,8000000
7,2499999
=1,2500000
7,6999999
-1,7000000

TVE) MAlN LOBE
FEL, AAGLE
( DEG )

c.85000%0
1.1000000
1.5500000
2.0000000
2.4500000
2.9000000
3.3500000
3.8000000
4.2500000
4.7000000
5.1500000
5.6000000
6.0500000
6.4500000
6.5500000
7.0000001
7.4500000
7.9000000
8,4499999
8.9000000

LOw) VAIN  NBE
9EL, ANGLE
t DEG )

-0.6500000
«1.1000000
«1.5506070
-2.00000%0
-2.4500000
«2.9000000
=3.3500000
-3.,8000000
-4,2500000
-4.7000000
=5.1500000
«5.6000000
«6,0500000
-6,4999999
-6,9500000
-7.3999999
«7.8999999




2 dam

b &

® & o o ANTENNA _OBE SCANNER o o o o SNUMB 8902T
1-22,Pass#3
3 THE MalN LORE GAIN IS 47,8195219
COCATION AND QELATIVE GAIN OF WIGHRST 20 SINE LOBES
KANw REL, GAIN ANGLE
{ 08 ) { DEG )
AN 0.0 4,0000000
1 -12,9868002 3,3500c¢C0
< e13,0212927 4,6500000
3 *17,5588055 2,9000000
4 -17,5960703 5,1000000
5 €20,56808043 2,4500000
[ -20,6431212 5,5500000
7 -22,8563R3) 2,000000
[] ©22,92%362¢ 5,999999%
v -24,7384033 1,550000y 4
| 10 ©24,76R2419 6,4499999 1
11 *26,2969308 1,1000000
12 -26,3245201 6,9900000
3 13 -27,7062082 7,3590000
14 -27,7198877 6.6500000
15 »28,936648R8 7.8000000
16 *28,94%7912 0,2000000
L7 ~38,0452714 =0,2500000
18 -30,0719309 8,2509000 ]
19 »31,05319014 =0,7000000
20 -31,0940461 8,6999999
“AIN L7FE “ULL AND FIRST 20 SIDE-LN3ES 1O RISWT OF (ABCVE) Mal* LOAE
RANK REL, GAIN TRUE ANGLE REL, ANGLE
( D8 ) ( DEG ) L DEG )
“AlN _T5F S0 NULL oe 4,4500000
1 ~13.0212927 4,6500090 0.6500000
2 +17.5960703 5.,1000000 1.1000000
3 ~20.6431212 5.5500000 1.5500000
] ~22.925%5621 5,9999999 2.0000090
5 ~24,7682619 6.,4499999 2.4500000
6 ~26,3245201 6.9000000 2.9000000
? ~27.70620%2 7.3%500000 3.3500000 :
8 ~28.93%86480 7.8000000 3.8000090
9 «30,0719309 8.2500000 4.2500001
f 10 ~31.0940461 8,6999999 4.7000090
11 ~32.1467724 9.1999999 5.200009¢0
12 ~32.94469175 9.6500000 5.65000°¢ 3
.3 ~33.726%306 10.0999999 6.10000%0
14 ~34,4429808 10,5500000 6.55005%0
15 ~35.4728622 10,8000000 6.800202¢
16 ~35.0970087 11.0000000 7.000006°01
17 «~35,8719203 11.,4499999 7.4500020
18 ~38.41216186 11.8499999 7.8%500000
19 ~36,260%467 11.9499999 7.9%00000
20 ~36.64320%8 12.4499999 8.4499999

“AIN LOBF NULL AND FIRST 20 SINE-(NBES T2 (EFT OF (BFL0W) MAIN | 0BE

AAnK REL, 5AIN TEUE ANGLF REL, ANGLE
( D8 ) ( DEG ) ! DEG
“AIN LOBF oo NULL e 3.5000000

~12.9%0792 3,3500000 «0.6%00000

2 ~17.5588955 2,9000090 =1.1000000
3 ~20.5808043 2,4500000 «1.5%00000 :
4 ~22.8%43833 2.0000000 =2.0000000 3

5 v24,7354933 1.5500000 -2.4500000

[ ~26.2969308 1,1000060 ©2.9000000

b4 ~27,719%877 0.6500000 -3.3500000

é ~28.9457912 0.2000090 =3.8000000
9 ~30.0452714 =0,2500000 =4.2500000 # .
b «~31.0%31¢91 -0.7000600 =4.,7000000 s

14 =31.9357543 -1,1500000 =5.4507000
12 ~32.91676%7 =1.6%00000 *5.6001000 >
13 ~33.6852956 -2,0500090 =6.0%00000 b
14 ~34,4168429 -2,5900000 =6,4999999 ]

15 ~35,096722¢ -2.91700000 «6.9000000
16 ~35,8R005A3 -3,2500000 *7.2499999 i
17 ~35.7286082 -3,35C0000 =7.35%00000 ;
18 ~35 5278966 -3.4500000 *7.4500000 4

19 ~36.31C7982 -3.,9500000 =7,9500000

20 ~36.698A504 ~4.4000000 =8.4000000 1
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vy
s 4
e S S wmw PRS2SR
A - NG o VAl
A sy
3 7
- 5, e SR
= 2 =12.925%)3¢
3 A *4 7 CGERTI
< -2 2redgn
3 < '):.Ij“",g"’t
3 I =23, IVeENTS
3 o “17.41°54°y
J «33,35339924
- -S'..'!"S“:
’ *73,1%84%442
= 37,8227 %
\ 2~ =75.57273 %
3 L ti.95¢4 9%
$ 3.4%4254,
. W XL T
+ 5 '2.43%¢y
- ~l3, dtg2g
’ -4, 39549
° V4, . 188813
} ’ L T Y
4 Vs 71 ">gAe
3
Bk Y
I ]
3
y T " vk .
! i = {.3%4%514¢
- e 7,513
! ¥ S F L
= 2.8754884,
: 818, 842538,
& *Li. 3240888
. %7 Teists
%3, .9, 039
) T, 488xvs
. TRERT S
Fogs B Rl Yof %

SNUMB=8602T

b (0 F SCIN' KR o & 0 0 1_2

B NE FIGNESY 2y € LML Loprs
o AL Lt
o8 ) e 2
o' AR S el
1.,60.%5C0¢
Gad0ul000
*2,0500%
esshoihby
*vsd5. 200
3.9 %
24570 %l

5,60, yCy
6,599985y
15,24%9%9,
4,70,90¢00
eB,JTLUNg
“2,800000,
€ectiivde
-4,25,°000
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2,Passil

v.£5(7000
1.122%000
31.5509600
2.0299300
Z.4557000
3.2209000
3.7539000
€.3390Q90
4,€537000
5.25¢7000

.c562000
6.€290900
7.3552300
6.2557000
§,170%000
7.555%001

502091

«3.4%30500
=1.1107000
=1.5%¢7070
=2.2%53000
=2.4747900
«3.3260090
«3.73,7090
-4 _25&:\000
«4.,6507000
=5.2%07000
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SNUMB=3805T
® ¢ o o ANTENNA (OBF SCANNER o o o o 1-17,?888#1 }

THE MAlN LORE GAIN IS 47.548439%

LOCATION AND FELATIVE SAIN OF WIGHEST 20 S|DE L0BFS

RANK REL, GAIN ANGLE
t 08 ) t DEG ¢
MALN 0.0 0.9%00000
1 =12,7927752 0,3000000
2 ©12,93%2924 1,6000000
3 -16,9841747 -0,1500000
‘ -17,3261299 2,0500000
s *20,2226043 -0.,60000.0 1
) -20,2434125 2,5000000 |
? ©27,6797380 7.6999999 i
(] =22,47%6376 «1,0500000 |
9 -22,493483 2,9500000 |
10 -23,3212700 8,5500000 |
11 *24,0559915 «1,5000000 |
12 <24,3340%49 3,4000000
; 13 *25,8522073 3,8500000
$ 14 ©25,9318614 -1,9500000
15 -26,7545183 4,3000000
18 -26,8770161 15,4000000
17 ©27,1035166 «2,4000000
18 =27,9378462 -2,8500000
19 -28,0519100 6,9499999
20 -28,4699356 4,7499999

MAIN LOBF Nu%: A\Q‘Siﬂsv 20 ere-geges 10 RIGHTY &Ff (AaovE‘Ennl\ L2BE
e 5

RANK JE ANGLF L, ANGLE
( D2 ) ( DEG ) t DEG )
“AIN L0BE ®e NULL ee 1.4000000

1 ©12.9332924 1.,6000000 0.6%00000
F *17,3261299% 2,0500000 1.1000000
3 «20.2434325 2,5900000 1.5%00000
4 #22,493483) 2,9%500000 2.0000000
5 *24,3340545 3.4000000 2.4500000
6 «25.8522973 3.8%00000 2.9000000
7 ©26,75494A3 4,3000000 3.3%00000
8 »268.4699359 4,7499999 3.8000000
9 «28.5022607 5.,2000000 4.2500000
10 ©29.7632928 5.7000000 4.7500000
11 «29.58478%¢6 6.1000000 $5.1%500000
12 «28.0%19307 6.9499999 5.999999¢
13 ~20.679738g 7.6999999 6.7499999
14 «23.321270¢ 8,5%00000 7.6000000
15 *31.0151644¢ 9.3499999 8.4000000
16 «33.7391386 10.2%00000 9.3000001
17 =34.58948n2 10.5999999 9.6%500000
.8 «35.3428349 11.0999999 10.1%00000
19 *35.3764578 11.5%00000 10.6000000
20 *35.8257940 12,0%00000 11.1000000

“AIN LOBE NULL AND FIASY 20 SIDE=_Nn3ES 79 LEFY OF (BELCW) MAlN _NBE

AANK REL, GAIN TRUE ANGLE QEL, ANGLE

( 09 ( DEG ) t NEG )
“AIN LOBF e NULL e 0.5900000

1 «12,79277%2 0.3000000 =0.6500000
2 *16,9841747 -0.1500000 «1.,1000000
3 ©20.2226043 -0,6000000 «1.5500000
4 ©22,4734378 -1,0%00000 «2.0000000
] «24,0%59015 ~1.5000000 «2.4%00000
6 *25,931861¢ -1.9%00000 -2.9000000
? «27.1035166 =2.,4000000 =3.3%00000
(] «27.9370402 -2.8%00000 =3.8000000
9 *29,0754943 -3.2%00000 =4,2000000
10 «29,667%810 -3.8000000 «4.7%00000
1 ©29.56995n6 -4.1%00000 =5.10000%0

: NO FUPTWER SIng (nBFS gn WIS SIpF

J-6
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LOCATION AND RELATIVE

BANK REL. GAIN
( DB )

MAIN LOBE ¢¢ BULL o

“12,9102144
=17,3078956
=20,2296680
=22.50263%0
-24,3316240
=25.8279252
=26,7601434%2
=28.4907932
=28,5093365
=29,.7486134
=29,58934u46
«28,058597°
«20,6951u66
=23,338%430
=31,0382600
©33,77951%7
=34,592%670
=35,35%076¢0
=35,368317¢
=35,0125710

B B < o
CO® IO VPE W a0 0B IO NE W o

MAIN LOBE WULL
RANK Rel, Galy
( 08 )
MAIF LOBE e guLL ¢
1 12,754 740

TNE RAIN LOBE GAIN IS

GAIN OF HIGHEST 20

L 7Y L REL, GAIN
(08 )
MALN c.0
1 =12,7516744
3 =12.9102140
3 «17,3078966
“ =18,3569708
3 =20,22%6680
[] =20,6951466
7 -22,50263590
[} ~23,3354301
S ~24,3316240
10 -25,8279252
11 ~26,7601342
12 ~28,0585971
1) -28,6907932
14 ~28,5093365%
15 «29,6220%67
16 -29,5899444
17 «29,7486134
AL ) «31,03826800
19 -33,63701C6
20 «33,7795159

® % ¢ ¢ ANTERFA LOBE SCAKNER ¢ ¢ o o

“7,544897¢

SNUMB=2728T
1-17,Pass#l

SIDE LOBES

ANGLE
( d2G )

RAIN LOBE NULL AND FIRST 20 SIIE=-LOBES TO RIGHYT OF

TRUE ANGLE

(

vE

(

NO PURTHEF SIDEL LOBES ON THIS SIDE

J-8

DEG
1,4000000

1.6000000
2.0500000
2,5000000
2.9500000
3,4000000
3.8500000
$,3000000
4«7500000
$.,2000000
5.7000000
6,4000000
6,9500000
7,7000000
8,5500000
9.,3500000
10,2500000
10,5999999
11,0999999
*1,%999999
‘2,0500000

ASD PIRST 20 SICE-LOBES TO LEPT OF

ANGLE

DEG )

0,5000000
0,3000000

0.9500000
0.3000000Q
1+6002000
2.0500000
0.
2.500000¢
7.70000¢C0
2.950C000
8.55000090
3,64000000
3.850C000
6.,3C000%0
6.9500020
§,75020%5¢
$.200C000

14.96499959
6.10000C0
5.700°€0¢
9.3500000

14,3499999

10.2500000

(ABOVE) MAIN LOBE
REL, ANGLE

( DEG

)

0.65000°¢C
1.1000°20
1.55000°¢C
2.0000020
2,650002¢0
2.900003¢
3.,3%00°:
3.0C0650
6,2500°°
0. 75007
$,1500%:
6,0000%:
6.75007.
7,60000:C
8.4000°:¢C
9.30000:0
9.6499979
10, 1699939
10.8u999:9
11.0999939

AR R RS IC PN

(BELOW) MAI¥ LOBE
REL, aNGLE

t DRG

)

«0,65000°0




i S L g SNUMB=7487T
3 R et v 1-18,Pass#1

TuE “AIN (ORBE GalN 13 47,545 1172

CICATION AN PELATIVE SAIN OF WIGHEST 29 S{%: ,0g¢
Baye

maly 0.0 G.9503022

{ 1 -12,7512%5¢ 0,30005¢00

] 2 “12,9100747 1,8202203

J 3 ~1%,9828991 -9,1552004
3 4 =17,327546% 2,05%332804 3

s =20,2204%:) =0,6002004

6 =29,225%5272% 2,520000¢

7 ~20.49%815° 7,699699y

) -22,4672154 ~1,0500000

: ] =22,5216%64 2,950000¢

1) =23,33%744; 8.55002¢C0

. 13 -24,0473471 »1,520902y

‘ 12 -24,3357877 3,455000¢

13 -25,3273R42 3,659000¢

T4 =25,8989%¢7 =1,952%00¢

5 -26,7597222 4,320000y

15 -24,321853% 15,4000000

17 =27,097125¢ ~2,400%000

1s -27,9544759 -2,8500000

19 «2R8,0615868 6,749999y

B 2 -2%,4913135 4.7499999

L FIRSY 27 SIDE-LT5ES 19 #164% oF (430VE) =Al% _35E
FREx T4 A Ly 4NG.E
DR € SEG t "ER
vAIN LOBE e L. e {45000
3 <12, 9105233 1.6°00000 0.6500077
¢ -17,307846% 2,3535¢90 1.13030%2
3 -21.22%279%5 €.5°30009 1.55020%)
4 =22.5%1904¢ €.9500003 2.0300090
s -24,337%377 3.4500099 2.45)0070
¢ -25,8222349 3.850009¢ 2.9000099
? -26.753%2%; 4,300000. 3.3502990
s -26.491415 4.749999% 3.80000%0
y 2,994 45 5.2%20000 4.2500070
10 *29,75p348; 5,7700004 4,75000%
11 ©29.5912221 6.14700090 5.15000"0
2 -28.041%448 6.9499997 5,9999395
3 ~27.6338;8¢ 7.699999% 6.749999%
4 =?23.3¥5754> 8.5500000 7.600904¢
5 -%1.95218%2 3.3439999 8.40000%9
) -31.7%18375 10.2500000 9.30000"1
17 =34, .59 7005 10.5399969 $.6500000
18 “%5,3574494 11.099059% 10.15000090
19 -15.368464R9 11.2999999 10.65900%¢
2 “35.812734¢ 12.0500000 11.1000070

L7 e i Y whe deg FiRe? VY LEFY OF 4BE.Dw) waAly 95E
I - SEL, Sl RyF BNIGE e, ANGLE
(23 ( DES ) tCES
“AlN L NEC e .. __ e 0.500%050

: =12.79125%0 2.3%000% -0.650900¢
¢ -15.9328191 -5.15%0090 =1.100090
3 -2..22%438% =0.63000¢ -1.5500000
¢ “2..4870194 =1.35009300 =2.00000"%0
5 -2, 4dyay =1.5%90049¢ -2.4590510
¢ *25,8989907 -1.9%0003¢ -2.9000900
«27.2971394 ~2.473000¢C =3.3500000
s s27.9%447%) ~2.650000¢ -3.80000"0
Y v “29.118%787 -3.2%0009) -4.2000000
1€ *29.5898143 ~3.8700099 -4.7500002
' “2v,5456 45 -4.1%000%0 =5.1000000

oLV L AL T LN R AQES zv “wis Sige




FAY

¢ % & & L TEVNA LOB'

THE MAIY

SCAKNER ¢ * ¢

SNUMB=7610T
’ 5-06,Pass#l

LACATICY ANC SELATIVE GALY oF MIGYEST 20 SIPE LOBES

Faxry

MAIX

MAIN LOBT

“AIN LGBE

Ay

K

“AIN LOBE

(ol o
N LD O® LN E wN

¥C FURTHE:

3

«29,570°87
-3%,656-212
=31,6755018
*32,620°531
«33,4178""
®36,24122%0
=34,7€123¢2
=35,272.£%1
=35,8197778
«35,18838135
-36,65678°"
=36,9%5%4217
=37,203<3%¢

KULL ¢e

-13,53544%2
-18,17643%2
-21,27872%6
-23,631467¢
-25,865%" 74
-27,27638%3
-28,65577 42
=29,973%e12
-31,1731613
.32.302‘*"
-33,20702°¢
“3u,8305%0

4

Lapee o

LORE GAIY IS 47,913 853
FEL, GAD ANGLE
T ( oLa
0,0 0,9500072
-13,43%559¢ 1,6020000

=13.9381152
“18,067 43
-18,1741332
-21,13-37%47
-21,27°828¢%
«23,337561°
=23,63483¢
=25,2725%33
=-25,58%5774
=26,90737013
-26,9251376€2
«27,27-2852
-28,26R7916¢
-28,6977%42
«29,50039A7
-29,7673L77
=29,9979632
-30,6556312
-31,4275902

29 SICE-LOBIS IO

TOUE AN
« ( D%
1,4

27 sicp-Luprs 1
TEUE AY

{ DEG

2.5

THIS S§tOF

0.3092290
2.05%0°00
-0.1504%90
2. 505290

BOVOHODBOOD OO

31,2459958

FIGHT OF (AB2VE) wAI® L9BE

SLE

oocoocC
1.,6002792
2,0500007
2:5000027
2,950002°
3, 0008CCT
3,8500727
4,3002°¢
“,Tu9959%
§e2008223
$.,65C0057
§,100C027
6,5500C 3¢
6,999999¢%
7,4493599
7,900%9¢:
8,3489995
8,800C0%¢"
9.250003°
9,750905:
10,250000°

o LgvT oF
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000000
030030352
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( oEG

6,250000C
4,70025C6¢C
§.1509C4¢
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6,4995959
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7.3969956
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8,8000" 01
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(BTLOW} “ALIN LCBZ
PEL, ANGL

§ 9%6 )
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4,700 " °
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B 5-16 ,Pass#2
TME MAlN LOGE GiIN 1S 55.221255%5¢
LOCATION AND RELATIVE GAIN OF WIGWEST 20 SIDE LOBCS
RANK REL, GAlV ANGLE
k t 08 ) t DEG )
AN .0 0.9500000
; 1 -2.4844993 15.4959999
2 -2.5919332 31.1459999
3 -5,879:169 15,0500000
. -5,036:947 30,1999998
5 -7.1381884 15,9499999
3 6 -7,3153519 32.25530000
7 ~31,75324656 28,4459998
8 ~33.74%4100 4,5499997
i 9 «37,0932474¢ 4,3000000
1 #38.2104859 26,5502000
3 11 ~40.188758% 8,0999999
E 12 -40,2117572 8,1999999
13 -40,2974110 23,0500000
14 -40,33%8025 23,1499999
15 -40.354547 21,5500000
16 -40,3904519 21,6499999
17 -40,4418159 22,3459999
i -40,4878526 22,4495990
19 *4),4572458 22,2500000
27 -40,.5145139 6,9499999

MAIN LOBE NUEL AND FIRST 20 Sxae-ucges TO IGHT OF (ABOVE) ™A(* LORE
RANK » 2L, GAlN TRJE ANALF FEL. AMNGLE
( D9 ) ( DEG ) { NEG )
MAIN LOBE e NULL oo 4.2499999

1 -37,n932474 4,3500000 3.3502000
2 -40,5148139 6.9499999 5.9999999
3 -40,6218129 7.1500000 6,2000000
4 -40,6737127 7.249999¢ 6,3000G0y
5 -4n,7351275 7.4499999 6.4999999
6 -47,7522106 7.6600000 6,6505000
? -40,1R887589 §.0979999 7.1499999
8 -497,2117572 8.199999¢9 7.24%9999
9 -40,7053356 8.8499995 7.8999999
3= «47,6591134 9.0500000 6.1009000
11 -5.8790169 15.06500000 14,1005000
12 ~2.4848993 15.4999999 14.5500000
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14 -49,3545470 21.5500000 20.5999999
15 -4.,39r4519 21.6499999 20.4999998
16 -4n,5725279 22.0000000 21.3%02000
17 -40,5334446 22.0999999 21.1499999
18 -40.4972458 22.2500000 21.300.32°
19 ~4(0,4438;359 22.3499999 21.3959999
2° -4(,4878526 22.4499998 21.4997998

MAIN LOBE SULL AND FIRST 2u SIDE=LD3ES T0 (EFT OF (BEL04) “AlN (3=

Ranx RZ.. aalN TRYE ANGLE IE.. ANGLE

(08 ) ¢ DEG ) € DE6 )
NO FURTHER SIDE LOBES OV THIS SIDE
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‘ SNUMB=3404T
3 o o o o ANTENNA LOBE SCANNER ¢ o o o 5-29,Passi#l
Tl MAIN LOBEGALIN IS 55.5692101
LOCATION AND RELATIVE GAIN OF wIGHESY 20 SIDE LOBES
RANK REL, GAlY ANGLE
toe) \ DEG 9

AN 0.0 0.95000G090
1 «2,%9167341 15,4999999
2 *2,9663049 34,1499995
3 =5,9850769 15,0500000
. ~6,0276098 30,4999998
5 ~7,2518663 15,949999.
[ ~7,3308525 32,1999998
7 €25,9125128 0,3000000
] #256,0225000 1,6000000
9 «30,0438720 14,4000000
10 #31,0194300 16,8459999
12 #31,3967772 29,4499998
12 #32,33%1212 33,0000000
13 n34,0490084 2,0000000
14 34,4856730 #0,1000000
15 *3%,4602690 17,0999999
16 83%,7845554 28,3999999
17 »36,9839307 33,4000003
18 637,3338518 2,5500000
19 #37,3935947 »0,6500000
20 #37,5218487 13,9000000

. n %D FIRST 20 SIDE-LQRES Y3 M1awT OF MAIN (0O
Sios AIN LOBE vh%~: 5ltl 2 10E ‘viJ; Reck (‘BOVELE.:IANE;EE
t 03 ) t DEG ) { DEG )
MAIN LOBE oo NULL ws 174500000
1 +26.,022%000 1,6000000 0.6900000
F “34.0490084 2.0000000 1.0%00000
3 «37.3338518 2,5%00000 1.6000000
4 47 ,8516922 3,4000000 2.4500000
s =80.4714656 3,8500000 2.,9000000
4 «49,2938564 4,4000000 3.4500000
7 «50.2272301 4,6000000 3.6%00000 1
] «856,4931464 5,1%00000 4,2000000
0 «853,9364934 6,1500000 $.2000000
10 «852.68368101 6,8000000 $.9%00000 :
11 «43,9873075 7:6999999 6.7499999
12 -46,1468163 8,5000000 7.5300000 &
‘ 13 «53,4251280 9,5000000 8,5500001
! 14 +53,4849720 9,7%00000 0.8000003
3 15 -83.5996923 10,1%900000 9,2000000 ]
16 -55,9060473 10,5999999 9.6%00000
1?7 ~54,3259277 11,3000000 10.3500000
18 “50.4157414 11,6500000 10.7000000
19 «80.10028%7 11,9999999 11.0%00000
20 «49.9505701 12.5500000 11.6000000
WAIN LOBE NULL AND FIRSY 20 SIDEL%BES 70 EFT OF (BELON) MAIN LOBE
RANK REL, GAlN TROE ANGLE REL, ANGLE |
(08 ) {oes ) ('0EG ) |
MAIN LOBE o0 NULL oo 0+,4500000 1
1 -2%.9425128 0,3000000 *0.6300000 {
2 «34,4858747 «0,1000000 *1.0500000 |
3 -37.39359¢7 -0,6%00000 *1.6000000
‘ -47,3800077 -1,5000000 =2,4500000 i
s *50.9498527 -1,9%00090 ©2.90000:¢
[ »49, 4633323 -2,€%00000 *3.4000000
7 -50.6896768 -2,7600000 «3,6500000 !
(] «54,9968475 -3,2%00000 *4,2000050 4
? *53.5666808 «4,2%00000 ©5,200000
10 «82.7704592 -4,9000000 *5,0%0000

No PURTHER SIDE LOBES gy "H!S SIDE




I R B AN BT

J-19

SNUMB=8462T
6-17,Passil

.
" ~
VOLE
fES )

C.95500CC
15,4999999
11,1459999
12,0500000
1997990
19,549999y
2 1957999

1,5500000
U,3500000
16,4000000
16,5959%99
29,4959993
33,3609000
2,0000000
=0,1000000
17.2659v99
13,74595%54
2,560000
-0,6500C00
286,3999999
‘1,495 999

0.6002090
1.0505000
1.550500¢
3.355000¢
5.15070800
6.0500000
6.350090¢
€.4999999
7.1499999
7.8959999
€.9500004
9.2500000
10.750000¢0
12.5500000
13.000¢000
13.4502800
14,.4003¢06¢
14,5500000
15.q0¢00000
15.650000¢

LRELDLY ATN L ORE

2EL, AMLLE

( DEG

L "
L T T T A L8 SCA £ o o o
S L T ¢ fr 13 6C.4931 Jep
Sy ol [ LYy a9 rIGEEST 28 SIPE L
- . ‘__ '_’ A
Nty } 4
iy o
i =2,5 28264
¢ -2.5%446112
3 -5,25.41%%
4 -6,0192956
5 -7,2° 75542
¢ -7,32.1475
? -21,7112375
3 -23,72:227
v ec? 4757135
3 ek 287514
i1 22,546 k4818
2 - 2
3 .3
14 -1
15 .32
16 -3
17 =31,21655¢%
T3 -3%,2,35337
1 P85t AT 5851
2 -3¢,7117584
S S 2 SI2E-L735S T2 54T OF
Vg ” T34C aNGLE
LeG )
Al LA5F 1.59C000¢€
i 1.5500(0¢0
? 2.0000090
3 2.5000008
¢ €, 8000090
< 6.450000%
& €.9995599
7 7.3000626
5 7.,44955%%
5 8,036959y
g £.64909997
11 9.9000C08
‘e 10.199959%
:+3 11.695959%
e 13,496999y
15 13.9¢99699
in 14,4000000
17 15.865C0030
ic 15.4559999
19 15.9459999
2 16.,59999979
Ve “ne oREL FERev se Brwes, Rl YRLEFY GF
- - A FRGE BACLE
( : t YEG )
5 Polal— {7 S e C.arcnEno
: s23 B 837e7 L 3520040
‘ WY i A -(.10C0000
3 BNt b b -C.8530000
o A R -Z2.4,00008
A -t 597 19 -4,2130003
v By Togs 548 L £% TRIL 854

)

=3.350C0n¢
-5.15C0700.

i



R

'Y

wAlN

ARG T Lo ke

2>
-

»

® o o o AMYF YA L 2BE SCAVYER e & o o

LOCATESY a2 WELATIVE

A

4 g samimant

P ol e
~> -~ n1~ 10 W NN AN
1
\ |
] {
|
}
|
]
|
|

e
<o
|
l

~
3

o L ee

-47 61277216
-4 ,616219%
~4° 68924
-4, 6RITRIT
-4, 70 s34y
-4 ,.69¢91 71
-43.15°323y
-45.0%84526
-4r .59 9237
40 728574
-45,6975231
-475,6A834818
~5.34 “géy
~2.546% .57

~7.545.7 04
~4C . 498975¢C
47, 4489750
-47,4072854
-4,.5612202
~470,57629463

COCSF ULl AL TTISSY

L AL
(=i )

oe VL ee
4. ,53"837%
-6 AY38F5,
-4 L 4RT7149%Y
~47.695475¢4
-4, 713467

€ 721 %08

=2e8

SNUMB=8462T
6~17,Pass#2

TYE BTN I3 L LT 5 LS T e ke
IV AF WIGHEST 20 SIfE LOEFS
. GALNM ANGLE

0§ t PEG )

"3 LE R L L R
-3.5153‘57 16,5959¢9%
-2.,6141109 32,5020¢C0¢
“%5,340R662 16,19y9%9%0
-5,4335232 31,4979%%¢

-7.,9450004
-R,GE3IILET
=31,2733%3
=470,1503239
=4),2632400

40 ,4176477
=40 ,445925¢
-47,,4527452
40, 4657432

30, AV72358 T
-6 ,53.8375
-47,5429564

17,0999999

T 3I,E4TEVT

29,6959% 40
9,1656%99
24,3457%9y
24,250L8%500
=%,0000000
20,E499799
23,5507000
23,6479557
22,9499993
25,3009000
25,1999798

ST RSN UBEnuton

~4,0502%0y
24,9499998

S 1DE=| DL 1n <15 ofF cuf) MalN LO4E
20 51t bR EWKLtA!I' f‘j ,_%E;:lAﬁﬁg;'
( DES 1 { DER )
€,,999999
©,250000¢ 6.2570001
£.3499599 6.3500000
5,449939% 6,4500000
e.5%00000 . 8.550000¢
6, E55000¢ 6.6500000
8,7500000 6,7500001
9.199999% 7.2000000
9.5799999 7.6000000
¥,699959% 7.7006000
9,8410200 P __7.8000000
9.,$300000 7.6000000
1C,00500030 8.000000)
16,199996k 14,1997998
16,50999995% 14,5999999
17.095999Y 15.0999999
22.8499955 P e T 20.28439999
22,9499595 20.9499998
23,0500C00 21.0500000
- 23,1999990 21.1999998
23,30c009" 21,3000000
¢ SIFE=Ufa:5 9 LePT (F (BELCa) “AIN LORF
TE & ALGLF REL, AMGLE
{ UFG ) { DEG )
-4,000R0NC :
-6, 500000 «6.0%2090
-€,2506C30 -6.2499"9y
-6, 35000¢C¢ Ta8,3500000
-6,45%. 700" -6.445909%
~-4,5500(00 -6,55000
4,0 070 -6,649099%
TmiS SI.t




e P B

¢ ¢ ¢ ¢ ApTENNA LOBE SCARNER * ¢ ¢ ¢ SN =4171T
1-23,Pass#4
TNE AALINF LOBE GAIN 15 45.3011589

LOCATION A¥D BELATIVE GAIN OF HIGKEST 20 SIDE LOBES

Ragk REL, GAlx ANGLE

{ 2B ) t DG )

RAIN 0.0 4.9999999

L] -12,832522¢ 5.6500000
k 2 “12+9156017 4+3500000
3 3 =17.,1066046 7.9999999
: . =17,1510983 3.9000000
s =17,4322457 6.1000600
. ~18.6072278 6.600000C
? =18.6364379 3.4000000
[ ] =19.3693361 2.0000000
9 -19,8904404 3.1000000
10 =20.,0768610 6.9C00000
1" -22,8662930 7.4499999
12 -23,308612¢6 2.55090000
13 -26,5341152 8.6999999
14 -26,8616910 1.3500000
15 -25,8714286 “0.2500000
16 =26,0027369 11.0999999
(}] -26,5033784 =1.0500000
18 -26,6322899 10.3000000
9 =27,3211093 =2.1500000
20 =-27,7068319 12.1999999

WAIN LOBE KULL ANC PIBST 20 SIDE-LOBES TO RIGHT OF (ABOVE) NAIN LOB2Z

ANK REL. GAIN TRUE MNGLE BEL. ANGLE
( 03 ) { DEG ) ( DEG )
mAly LOBE s NuULL ee 5.4500000
1 -12,8325224 5,6500000 0.6500000
2 =17.4322657 6.1000000 1.1000000
3 -18.6072278 6.6000000 1.6000020
. =20.0768418 6.9000000 1.9000050
s -22.8662930 7.4699999 2.4500000
6 -17, 1066046 7.9999999 3.0000020
7 -24.6341152 8.6999999 3.7000000
(] =28.2117629 9.2500000 $.2500001
9 «29,0679612 9.6999999 ©.7000020
10 «26.6322899 10,3000000 $.30000350
11 ©26.0027361 11.0999999 6.1000030
12 «27.7068319 12.1999999 7.2000000
13 =30.1534753 13,4000000 8.4002005°
14 ~31,3760986 14.0500000 9.05600%
15 «35.8230948 14,9000000 9.9000021
16 =35,9558244 15,4499999 10.450005%
17 “34,3684225 15,9499999 10.95030:2
10 «32.757408¢ 16.3999999 11.4006052
19 =37,3014741 17.2500000 12.2560031
20 «37,2819552 17.7500000 12.7500071

WAIN LOBT WULL AND PIRST 20 SIDE-LOBES TO LEPT OF (BELOW) MAIN LOBE

LIVL Rel, Galw TRyE ANGlE 2L, aNGleE
( o8 ) ( 0EG ) ( DRG )
Ay LOBZ oo FULL ¢ 4,5500000

1 «12,9156017 4.3500000 «0.6500020

2 171512983 3:9000000 *1.1000030

3 «18.636L379 3.4000000 *1.6000020

" =19.8984uuC4 3.4000000 *1.9000000

1 s =23.3056126 2.5500000 -2.4500000
] 6 -19.3693361 2.0000000 ©3.0000090
¥ -26,8616910 1.3500000 =3.6699959

[} «28,0751691 0.7500000 "l,2699939

9 «29,0uB2886 0.3500000 =4.6508000

10 =25.8714886 -0.2500000 ©5.2499999

11 =26.5033784 =1.0500000 «6.0500030

12 ©27.3211093 =2.1500000 «7.1499999

13 -28,8733954 =3.3000000 =8,3000030

/ e =31,2834849 «3.9500000 «8,.949995%

15 =35,1468083 -4,7500000 *9.7u999939
§0 PURTHER SIpez LOBELS ON THIS SIpE

J-21

B

T s R RO




P ORI

R £ RO SNUMB=4171T
AN NNA LoB | 34
1-23,Pass#3
TME MAIN LOBE GAIK IS ©5.3062787
LOCATION AND RELATIVE GAIN OF HIGNEST 20 SIDE LOBES
Ranr REL, GAlx ANGLE
{ o8 ) { D26 )
EALD 0.0 4.0065000
1 -12,911369) 4.6502€00¢C
2 -12.986753% 3.35000%¢
3 -16.916821% ¢.6500%¢C
" ~17.0769958 2.50C0€00
L} -17,235517% $.1000000
6 -18,606689% 2.600.02¢C
? -18,7579422 5.6002000
[] -=19,50647774 7.35€2C%¢C
9 -20,096796% $.9002020
10 =23,3956201 1.550.09 3
1" =26,1155694 6.5499929 3
12 =25.903683) 8.3006050 ’
5] -26,200645¢ =0.250:0%¢
1% -26,3002996 =2.1:0260C :
8 -26,6671608 -3.62023¢2 ]
“% -27,4557061 11.1355533
o -27,6352571 10.6%95939
18 27,6561465% ,10.820L€00
.9 “27,8421669 . '=1.3200000
20 -28,1756189 §.4000000

WAIN LOBFE NULL AND FIFST 20 SIDE=LOBES TC RIGHT OF (ABOVE] MAIX LCES

RAXK REL. GAIN TRUE ANGLE REL: ANGLE
({ b8 ) ( Dfg ) t DES )
=hIy LOBE o yuULL e 4,4500000
. -12,9113693 4.65020C0 0.6595°.2
2 =17.2355175 5.1000000 1.10909:0
3 ~18.7579422 5.6000000 1.60062:)
4 -20,0967965 $.9000000 1.9€00°:0
5 -24,1185694 6.44999939 2.,8509528
6 -19.5047774 7.350%000 3.35¢0%:0
7 -25,9086833 8.30€2000 6.36005.0
8 -28,175.189 9.4200030 $.40095:2
9 -31,8925085 10.0999939 §.1863:50
10 -27.6302671 10.6399999 6.23035=¢
1 11 -27.656 1465 10.8500030 £.8. <
; 12 “27,455706 11.1999939 288 :
13 -32,978639" $2.9999999 8.55533:3
“ -35,2112958 13,9499999 9.9-533:5
18 -36,96952%) 144000000 0. k205505
16 -29.6211340 15,1505600 11,1560 24
17 -38,4253068 16.1993998 12.13935:8
: 18 -38,3207850 16,6499999 12.6.99949
! 19 -35.8752615 17.05020660 13.05697% 31 ]
20 -42,865766% 17.5509000 13,85€0C ¢
MAIN LOBE NULL AND PIARST 42 SIDE-LOBES TC LEPT OF (BSLOW) MAIN LCBE
RAKK REL, GAIN TPLE ANSLE FEL, ANGLE
(o8 ) ( %G ) { o235 )
“AIN LCBE e FULL 4 3,500¢C50
1 .~12,9867523% 3.3500000 |
2 =17.0763958 2.5200000 ]
3 -18.6066890 2.4203000 !
u ©23.3956201 1.8500000
5 -16.9168215 0.6500040
[ =26.20064650 =0.2500020
7 «27,8421485% -1,300C000
[} -31,204707" «2,0000000
9 -26,3002996 -2,7000000
10 ~26.6671408 -3.0000000 -6.9953959
1 =31,9049001 -4,9200530 -8,9200%.7 i

¥C rURTHED SIOE LOBES C¥ THIS Sip:

J=22




ko) SNUMB=4171T
ANTENMA LOBE SCAKYER * ¢ ¢ ¢
1-23,Pass#2
THE MAIN LOBE GAIN IS 454996330
LOCATION AND RELATIVE GAIN OF KHIGKEST 2° SI: LOBES
npx REL, GAlx ANGLE
t B ) { DEG )
[ T84 .0 3.0000000
1 ~12,80L1649 2.3500¢00
2 ~12.9315119 3.6500000
kl ~17,2201748 4.1C0C000
. ~1746370646 1.9C00000
5 ~18, 1365647 7.6999999
s ~18.6271539 < «6000000
7 ~18,766627¢ 1,400005¢C
(1 ~19,9463053 4.9000000
9 ~20,7159443 -1,7000000
10 ~26,0719504 5.4500000
11 ~26,2982287 €.5500000
12 -26,6273131 €.6999999
13 ~25,20715% 5.9000000
s -25,3677863 +0.4500000
15 =25,7374415 -0.6500000
16 -25,8415928 0.1€00000
17 -26,4766302 12.6999999
18 -27,2676721 10.1999999
19 -28,2891641 -4,1500000
20 -29,3659115 17.5500000

WAIN LOBE NULL AND FIRST 20 SIDE~LOBES TO RIGHT 2F (ABCVEI) MAIX org

RARK REL. GAIN TRUE ANSL RELl. ANGLE
( b8 { DEG ) t tIG )
wAIN LOBE ¢e NULL ¢ 3,4500¢C0
1 -12.9315119 3.6500000 0.62007:0
2 =17.2201748 441000000 1.10002.0
3 -18.6271539 «.600002¢ 1.6000C2C
4 ~19.9463053 4.90000C0 1.90000.9
3 -2L.0713504 £.4500000 2.4500C.C
6 =25.207151% 5.9000000 2.90000°0
? -26,6273131 6.4999999 3.50000350
(] -18.1365647 7.6999999 §.7000CL0
9 =30,9620934 9.000€¢000 6.00000:"
10 -31,4118605 9.4599999 6.65000.¢C
11 -31,4162097 9.550£000 6.5500C.0
12 -27,267€721 10,159959% Y.2000%°¢
13 =33,1607375 10,5000000 7,9C0000)
1% =33,2685013 11,4L99999 B.4LG995!
15 -26.4766302 12,6995999 5.659558.8
16 -33,3815856 13,7699999 10.749953¢
17 -34,6035342 14, 1500000 19.1800C5C
18 =36,0675902 164,650C¢00 11.€500C:0
19 ~35,6888623 15,150CC00 12.1500%3%9
20 «34.1877036 15.5999599 12.5999959
NAIN LOBE MULL A¥D PIRST 20 SIDE-LOBES T0 LEZPT OF (BELOW) MAIN LOBE
RANK REL. GALN TPUE ANGLE REL, AXGLE
{ o8 ) T ot ) t 026 ) 3
4AI® LOBE e¢ gULL *° 2,5000000 3
1 -12,8061649 2,3500¢000 »0.65000.0 3
rl “17.4370646 1.9000€00 *9,16C0220
3 “18.7666278 1.400C000 ~1.600060.C 4
. -26.2982287 0.5500030 ~2.45000:0
5 -25.8415928 0.9C0C0C0 =2.90000:C 3
[] =25,36778%3 -0.,6500000 ~3.,4500000
7 «25.73744615 -0.650C0CC ~3.650003¢
) «20.7153443 -1,7000000 «4,7006020 3
S -31,5894590 -3.0500000 ~6.05000.¢C d
10 =32,.6192460 -3,8C00000 ~6.4999949
11 -28,289164" -k, 1500000 «7,14999329
12 -34,0846930 -4,8500000 «7.85000.¢

RO PURTHED sSIOE LOBES ON THIS SICE




iz i T s

SNUMB=4171T
® ® o o AyTEENA LOBE SCARNEN ¢ ¢ ¢ ¢ 1-23,Pass#1
INE AALY LOBE GAIN IS 5.307554
LOCATION AND PRLATIVE GAIY OF HIGWEST 20 SIDE LOBLS
Ayt REL, GAly ANGLE
t o8y « DE5 )
AALN c.0 2.0C0gC0CO
1 ~12,9362965 2.650000¢C
2 “12.96u1814 1.3500000
3 ~'4,8226929 C.35¢2C0C
& «16,265uel5 3.65000¢C0
s “17,13497¢64 3.100C00y
. -17,2623854 ©.9000000
7 -21,850364¢ =1.3500000
[ -22,7638673 $.4000€00
9 -23,3776176 -0.4500000
10 «23,789629% L.4500000
11 -28,937840% -0.9C0C000
12 -25,46955%713 “.9000000
AR -26,7407475 ~3,1500000
14 -27,2017276 32.400CC0
15 -27,2725258 7.1500000
16 =27,685846°2 9.1500000
1 -27,9687972 6.2499993%
18 -28,04370813 ~2,2500000
19 -28,1228459 6.7499999
20 -28,1260005 ~5.0000000

WAIN LOBEZ »ULl AND FIRST 20 SIDE-LOGBES TC BIGHT °F
TPUL AKSLE

RANK REL. GAIX
o8 )

wAlN LOBE ¢ FYLL v
1 -12.9362565
2 =17.1343766
3 *16.2694635
“ =23.789609%%
S «25.4495573
[} =~22,7638679
7 ~27,9667972
8 ~28,122%495
9 ~27,2725258
10 ~30,824755%2
R ~27,6858468
12 «33,22940621
13 «32,174353°
1 ~35,8339319
15 ~33,1869164
16 ©36,000325%0
17 ~36,9€695959
18 34, T106uE3
19 *34,91650u4
20 ~38.7324595
WAIN LOBE NULL ARD FIRST

nyk L. oaly

( o8 )

“AZ¥ LODE ¢s JULL o
L] 12,9404 1814
2 “17.2623854
3 -16.8226929
“ *23.3776176
5 -24,9378414
6 =21.8583646
7 =28,0037083
[} «26,740747%
9 =30,345569!
10 -30,68532%9

{

DEg
2,45¢2¢0¢C
2,.6500000
3.4000000
3.6500000
“.u500000C
.9000000
5,4000000
€.2499999
6,.7499999
7.1500030
8,0500000
9.1500000
10,3499999
11.2699999
12.2499999
13.0999999
13,5500000
16.0999999
14,599999¢9
T4 ,8499959
15,4000000

22 SIdE-LCBES TC LEPT OF
TRUE ANSLE
{ DEG

§C FURTHER SICE LOBES OF YTHIS SICE

1.5500000
1.350C000
0.5000000
0.356C000

-0.4500000
-0.9000000
=1.3500000
-2.2500000
-3,1500000
-4,0500000
-4,5500690

(ABOVE] MAIN LCEL

PEL, ANG

{ L5

4 3

)

2.65C37C.
2.9000C.C
3,40000.
§.2500°.
4,75000C
§.15C0°5C
6.0500020
7.15000.C
8.3699955
9.2L99929
10.2¢999,9
11.0999959
11,.55€00:0
12.09999.9
12.59996939
12.84999:9
t3.40000.¢C

IPD OO

(BELCW) MAIK LCBE
REL, ANGLE

¢ DEG

)

«0.6500°.0
=1.10000:¢C
*1.650005¢C
«2.450002¢C
=2.90000.0
=3.3500000
~4.24999%9
=$,150000C
=6.05000.C
«6.5500000




SNUMB=7542T

® % o o ANTENNA _DBF SCArNgR o o o @

3-06,Pass#l
THE walh (J8E GAIN (5 45,517680F¢
COCATION aND PELATIVE GALlN 2F AIGHEST 20 SIPE LOBFS
L LS HEL, GalN ANGLE j
t 0a ) t DEG 4
MALIN 0.0 0.9%G0002
1 *12,93%67864 1,609000
2 ®12,99R4959 6,3009000
3 =17,3619432 2,0500000
L) “17,4870453 ~0,1500000
S -18,6779509 2,5500000
& *16,87%8287 ~0,6500000
? «20,%41743) «0,9500000
[ ] =24,3401027 3,4000000
9 -24,6396527 ©1,5000000
| 0w -25,3795252 4,4000000
11 -25,79%8112 ~2,5000000
12 -25,87247¢9 4,6000000
13 =25,9462366 3,6500000
14 -26,2640065 -1,9500000
i ~27,5813403 B,0999999
16 ~28,947935¢ 6,2499999
17 *29,5239973 14,9499999
18 =29,5283923 5,2000000
19 -29,5630654 -4,3500000
20 ~30,0547867 -3,3000000

- L5 “f FIRSY 20 SIRE-LN3FS Y2 RIGAY NF (ABC MAIN LOS
AIN LOBE Ubf.f ﬁ‘,{'s 2 Ing LORFS 4o (A3 'EEEg.lANhLEE

RANK RUE ANGLE
¢ 82 9 ( DEG ) ( DEG )
NAIN LOBE 80 VL e 14002000
1 ~12.9%3470¢ 1,6000000 0.650000%0
2 *17.3419432 2,0500000 1.1000000
3 *18,67795199 2.5500000 1.6000000
4 =24.34017°27 3,41700000 2.4500000
] «25.9462366 3,6500090 2.9000000
6 «25.379%5252 4,4500000 3.4500000
7 -25.6784709 4,6000000 3.6500000
[] =29.5283923 5.2200000 4.25000n0
9 =30.4939916 5.6500000 4.7000000
10 =26.9479351 6,2499999 5.3900000
11 «32.891845%2 6,9999999 6.0500000
12 ~33.2652721 7.4999999 6.5500000
13 ~27.5913603 8,0999999 7.1499999
14 =35.3629227 9,3500000 8.3500000
15 -33,314238; 9,849999¢ 8,9000000
16 «36.1176)85 10,6570000 9.7000000
17 -36.18712%7 11.1500090 10.2000000
18 =34.268652¢ 11.5999999 10.6500000
19 «34.6440048 14,9999999 11.05000n00
20 «36.199%406 12.43999999 11.5500000
MAIN LOBF NULL AND FIRST 27 SiDE-LN4ES Y7 LEFT OF (BELOW) MAIN LOBE
RANK REL, GA!N TR E ANGLE QEL, ANGLE
(03 ¢ DEG ) t DEG )
MAIN LOBE ®e NULL oo 0.5000000
i ©12.9934999 ¢.3¢90000 =0.6500000 3
2 *17.4870453 ~0.1500000 ~1.1000000 R
3 ~18.8758287 -0.6500000 ~1.6000000 ]
‘ ~20.3417430 -0.9500000 «1.9000000
5 *24.6396527 -1,5%00003 *~2.4500000
6 *26.2940965 =1,9500000 ~2.9000000
7 =25.7953112 =2.5°00000 ~3.4500000
8 *30.0547667 =3.330€000 ~4.2500000
v =31.142%605 -3.7500000 «4,7000000
10 «29.6530654 -4,3500000 *5.3000000
ng FURTHER SIDE L98ES gy THIS 310F
J-25




SNUMB=2749T

¢ & % ARTEESA LODE SCANSEP * & & ¢ 1-21,?888#1
TME MAIN LOSE GAIY S $5.2987513 .,
L3CATION AND RELATIVE GAZY OF NTGFESY 2° SISE LBYS
BANY REL, GALY ANGLE
t ch ) ( 0LG )
®AlM 0.0 0.950%0%¢
\ «12,71€89CF ¢.320¢€2¢
P =12,8756517¢ 1.620009C
3 -16,83.13C2 «0.150C00C
. 17, 1340011 2.¢50¢cc0"
[ N “18,624395% 2.55000%0
1 -18,523253" =0.6502C%¢C
b ~20,56286¢ 7.6993959%
] e2),047421% 8.55¢0C¢C0
9 «23,7622332 ~1,5900C3C
" «24,012527¢ 3.4000090¢
" -24,8875037 4,3%000¢0C
2 «25,11784L5¢ «2.50¢0C0¢C
13 ~25,5276466 3.8590000
e «25,6371%2¢ -1,950C03¢
s «26,9228334 15,460002C
e «27.7178557 6.190CC2
h] =27,7554407 6.92¢200¢C
‘& «27,9¢15573 6.,60CC00¢
5 -20,08179€ -u.2%020°C
¢ -28,1378%34 $5.,320¢C3¢C

MAIN LOBY? “yll AYD FIRST 20 SIOE=LOBFS TC TIGHT 2F (A32y¥7) MAIN LOBE
- Ak RtL, GAIN Trat AESLY FEL, ANGLE
( ¢t ) ¢ SEG ) ( 826 §
“AIN L7BE oo juLL e 1,6200003

3 ©12,872.97¢ 1,62956%6 £.65000¢C2
2 17,1263111 2.0%0¢0¢¢ 1.1000000
3] -18,4235%5 2.%505020 1.800000C0
. °26,0105276 T 48025020 2.450000¢
1 ©35.5504656 3.85000¢0 2.9%0000C
[ -26, 88725237 “.3%0%020 3.4000000
bl -28,v37212¢ 5,22030C0 4,250000¢
L] 25,1546 §,7209060 4,7500000
3 ©27,797:5%¢ 6,15C50¢0 $.200000¢
190 -27,943¢873 6.60020¢0 5.6500000
11 ®27,7556427 6.95002¢¢C 5.9500000
"2 20,8625 %¢ 7.839795% 6.7699929
3 ©23,067.3%C 8.550501¢ 7.6000000
‘e 10, ,6€244%5% 9,34995%9 8,4n00000
'8 *3e, 8Fa2157 T1.158¢0C0 10.2000000
) =33,629577 11,59959%9 10.65000¢0
11 .36, 51872725 11,9959999 11.08000¢0
t 8 =35,4601829 12.4297%99 11,$%00007
9 ©35,125133°%) 12.9+975°9 12,0000000
0 «33,63223°0 13,4993979 12.5008200

WALb LOBE -JLL AL FIAST 20 SIDEeLCBES IC LEFT SF (BELIW) MAIN LOBY

YACK REL, 3AlN Tune ANt REL, ANGLE

( 08 3 ¢ 025 ) { 0BG )
“aIN LOBE oo NULL e 9.5¢090%0 :

1 «12,71521¢ 0.350%¢0:¢ «0.65%00000
2 “16,63¢°3"2 =0,9502890 =141000000
3 «-18,5232530 «0.65025:¢C »1,6000000
“ «23.7432332 -1.5¢0%07¢ =2,6500000
5 “25.,607482% «1,9%0%8¢C8 =2.9002000
6 «25,99084%% =2,5005¢CCH -3,4809000
7 -28,6913977 =3,255%020 =4,2000000
] =29,2392578 -3,8290C00 *4,7500000
9 =28,08173%1 -44250%00¢ =5.2000000
10 =28,4130072 -4,6500000 =5,6000000
119 ©28,765 8¢5 -4,3000000 =5,8500000

O PURTHEP SICE LCB®S O" THIS SICT




SNUMB=2646T
o o e e EUTELNA LOBE SCANYER « b s e 5-07,Pass#l

TWE Maly L05c Ge.w 1S 45.521438¢

ICATION 2\D FECATIVE GAlY OF wIGHEST 20 SIDE LO0&7S

LR BEL. GAIN ANG B
f 88 ) ( NEG )
MalN . 0.950000¢
i ~12.95%899¢6 1,6000000
2 ~13.93975¢1 0.,30¢c0000
3 ~17.380155¢6 2,0500200
4 ~17.4908304 ~0,15002%0
5 ~18. 8855787 2.5509000
s ~16,3793907 ~0.650000)
7 -20,132113% 2.55C0000
(] “20.%4255,4 ~0.9520000
v -24, 343749 3.40002009
1 -24,64985¢ ~1,5209%20¢
11 -25.392692: 4.430330)
12 =25.7513574 ~2.,45090¢C¢
13 -25.97,73(3 3.85¢c000y
14 -26.3251002 ~1.,95¢9¢8Cy
15 -26.%334156 -2.755029%¢y
16 -24.3836358 15,4060000
17 =27.5785%57 B.,3999959
18 ~28,947447} 6.2479999
19 -29.%5227213 5,2000300
2" -29.5592103 14,9499997
AN L79F FIR3T 2 SIDE=L"%FS "0 I5uTY OF (a="VE) MAl% LOHE
Fan4 &1\ TRUE ANGLE WL, AVGLE
) ( DEG ) ¢ DEG )
“AlN LO3E L ee 1:4706002
1 + 5559996 2.4020000 6.65C g%
2 + 381558 2.0500600 1.1005002
3 -15.5385 A2 2.5500003 1.690 280
4 -27.1321135 2.8560C00 1.900.00¢
S -24.343745; 3.430%0¢02 2.450.0¢00
6 -25.97 7313 3.8500000 2.900 ¢00
7 -25.3924921 4.4000092 3.455730¢
8 -29.5227213 5.2000C0G 4.250700)
9 -3 .5744456 5.6500650J 4,700,500
1 -28.9474275 6.2499999 5.360739)
11 -32.87°41122 6.9999997 6.654.00°
12 =33 ,R3744ke 7.2499999 6.30n 227
13 -33.2.87218 7.4499999 6.4993999
14 ~27.576%5657 5.0999999 7.1493999
15 -34.4513702 8.6030000 7.85n7200
18 -35. 31175354 9.2530C60 8.300:091
17 -33.2397439: 9.8700002 8.8%90:9%°
18 -33.59594 50 10.7999vy9v 9.1%3°2332
8 -34.12 5297 10.6500G00 9.700000:
) -36.144514% 11.1500000 10.203900°
. AN L% Jue AND FIAST 2 SiDE-L"385 TO LEFT OF (BE_"4) MAIN LNBE
Q% RE.. Halv T3 E ANGLE L. AVGLE
¢ = 3 ¢ UEG 1 ( DEG )
vAlN L08R &8 NUL, s8 0.5000030
1 -13. 397501 0.3000000 -0.6%):31"
2 -17.47 8394 -C.159009%0 -1.107.000
3 -18.A733927 ~0.56%00600 =1.603°.30,
< -2 .3429974 -0.93500600 «1.923°6"0
5 24 ,L45558) -1.599069%0 «2.4%) 2)¢
s 28,3234 32 -1.9%30020 -2.997 790
? -25.7913514 -2.45000073 «3.400 209
B =28, 112458 -2.7%00000 «3.703.,372
g =35, X95& 7, -3.30360082 -4.2%9) 315
1 -%1.125477, -3.750009¢C «4.730.300
1t *29.6%781 49 -4.3300000 =5.2%01507"
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5-14,Pass#1

THE SalN LOBE Galy 13

45 . 485551g

= \
LICATION aAND RPELATIVE S41° OF wIGHEST 20 SITZ (08FS
ANGLE
t DEG )

Ay

mAIN

W NNV SN

1

12
13
14
15
16
17
18
19
2‘\

“AIN LOBE
DAV K

vAlN (08¢

. e
WY QO SO N e e

N

T
O® > N

EF R

“AIN LOBF

L L R o e

REL, Galv
t Ob )

o
=12,7713039
=13,0746864
~17,0457965
=17,3395668
-1R,5267324
={8,7%92532
~20,0128393
*20,24%61352
~20,58.4663
*23,4843%21
.24,0212947
=24,1654543
49504201
-25,48.5348
~25,4955626
~25,5504098
-25,0655382
=26,2704307
»245,9336165
=27.8717 349

€.95%0°¢C00
1,6056000
C.3085000
2,0539500
«C,15Cc0G000
2.,5522°00
-L.05072Cv
€.2532¢CCu
“3.,950%2¢C0
7,69359999
8,5500300
3,4C33C00
«1,5053300
4,3559000
-2,45350090
3,8556200
4,600)3300
-1,9505800
“2,77°09.80
15.4002500
6$,1502000

L AND FIAST 2 SIDE-LC3FS T2 ILGWY OF (a3C4F) MAlN LCoE
EL. OHAIN TRJE INGLF SEL, ANGLE
¢t 08 ) ( DEG ) € 2eh )
_— 144009000
=12.97:18 %9 $£.6500030
=37.0437645 2.l 335
-16.5267324 2.5 €39
«27.0129393 2.8 o 1
-74,..7 2347 3.4 703
-725,49556726 S.E 2339
-24.95°4251 4.3 (& [}
-25.55 498 4,6550500
28,255,615 5.2180009y
~25.956743%4 €.770C¢29
=27.h012349 6.1520030
=27.8671651 6.6.00n(72
«27.8439738 6.85C0500 $.900659(0¢
“27.5%7 4463 7.6999599 6.749999%5
«23.4345%621 6.5%5c¢C0 7.6367963
«30.7614455 9.3479359% §.430000°
~3..7%935676 9.443999% 8.50,°6C%
-%4.72°72%2 10.579999% 9.655.0C9
-35.4199217 11.1590C2¢C 10.220%2°¢
“%4,°017 4 11.5929999 10.65Ci00C
L AMD FIRST 2o SINE=LNSES T _EFY OF TAELTAY VATIN (022
Boe AN TR,E ANGLE .. ANLLE
{ 33 ) ( DEG ) 986 )
Nl ee 0.5007%3%¢ =
=13.216%8%4 0.3580002 o0.655°C0¢
«17.3357648 =0.456603% b ¥ (0 ige
-18.755263¢ -0.65005830 *1.635.3
«?2,.243%352 “0.95%3000¢ *1.905.3°
=24.314064543 -1.5%00027 ~2.4%
-26.0%82332 =1.9%5063) ®2.96G30¢
75,48 5344 ~2.450043¢ *3.4%,.5
26,07 4387 “2.7V4633¢ «3.65, .f
27,2117 -3.25°0435 4,203 5¢
«~29.6747533 =3.800008 «4,7%C°."
22,4160 1?7 4,256,032 «5.205:%
«23.875. 14 -4,7 33¢% *5.65552
=%5.7%4,.353 -4, 500000 =5.65.
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THE MalN

LOCATICY AND RELATIVE GAIN OF WIGHEST

Rax

ALK

TR NO VA A

A
€ 23 )
oe NULL oo
-13.4260178
-17.9253307
-19.0555248
-217.5251389
-25..047522
-26.5527 14
-25,8180275
-26,3256531
-3,.2939854
1 ~31.3024397
11 ~29.3778172
12 ~33.7923876
13 ~34,1263931
14 ~27.7547924
15 ~35.3513 31
16 ~36.2720834
17 -33.7737923
18 ~34.0979605
y 19 -36.9668417
2 -36.9427652

“AIN

T R TP
o
o
m

B R R L

“AIN LOBE NULL AT FIRST

RANK REL., GAIN

( 03 )

MAIN (05 oo NULL ee
-13.5081263
-18.0383373
-19.2533379%
20.7369347
~25.3042965
=27.7198698
-26.2222805
-25.7587833
-3°.809357%6
H -31.939785¢
id =37.0744893

C® AW SN

LORE GAIY !5

REL. Gald
t Db )

9.0
13,428 172
=13,5°81263
-17.925°3p7
-18,038 373
-19.0555248
-19,2533379
-20,5251 %88
=20,7365347
-25,0°47522
«25.3:42965
-25.818:275
-25.,222280%5
-26,3256531
-26.6527014¢
-26.7587833
-26.9256537
-27.0198698
=27.764792¢
=29.3778172
-29.7655668

4alN L7BE “ULL AND F1RST 20 SIDE-L03€S T
wEL, 3ATN HJs A

( DE
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2
N
G
4

45,.676528

2C SIDE LCBES
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RUGHY CF
GLE

)
no0nooo
1,6000000
2.050000¢
2.5500000
2.8500000
3.4000000
3.8500000
4,490002¢C
4.6000000
5.2000000
5.6500000
6,2499999
6.9999999
7.449999%
8.0999999
8.8000000
9.2500000
9.8000000
10.099999%
10.650000C
11.1500000

20 SIDE-LOSES 10 EFY OF
TRUE ANGLE
( DEG )
0.5600000

o FURTHED SINE LOBES on THIS SILF

¢.3000000
-0.15000099
-0.6500000
-0.9500000
-1.5000000
~1.9500000
~2.4%00000
~2.7500000
~3.3000000
~3.7500000
~4,300000¢0

CES )

0.9500000
1,6200000
0.300000¢
2.0502000

-0,1500000
2.5503000
-0.,6500000
2.8500000
-0.9500000
3,4000000
-1,5000000
4,4000000
-2,4500000
4,6000000
3.8502000
-2,7500000
15,4059800
-1,9509300
8,0999999
6.2499999
14.9499999
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0.650.000
1.1000007
1.600000:
1.90020090
2.450.00Q
2.9005002
3.4500G00
3.6500000
4.25050000
4.700000°
$.3005000
6.0%50°000
6.4999999
7.1499999
7.8553000
8.300.001
8.850u0¢C2
9.150°000
9.7006000
10.2003002

(BELDa) “AIN (0BE

QEL. ANGLE
( DEG )

-0.8500000
«1.10G.00¢
«1.600200¢C
«1.900.000
~2.4500002
=2.900000¢C
«3.4000000
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«4,250°000
«4.,7007000
5,280 (0¢
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o o o o ANTENNA LOBE SCANNER o & o o 5-06,Passil
THE MAIN LORE GalN I3 €5,6725545 ]
l LOCATION AND RELATIVE GAIM NF wWIGHEST 20 SIDE LOBFS ;
RANK REL, GalVN ANGLE t
| t o8 ) t DEG ) ¥
“AIN 2.0 0.9500000

1 -13.4 51104 1,6000000

2 -13.4999638 0,3000000

3 ~17,8695063 2,0500300

. -17.9991722 -0,1509000

5 ~19.7473343 2,5500000

6 -19.2402554 -0,650000L0

7 -20.510 842 2,6502000

8 -20.733858R -0,9500000 ’

9 -24 ,9R79434 3.4000200

1 -25.2939482 -1,50000600

11 -25.8104229 4,4000000

12 -2%5.2153692 -2.4500000

13 ~26.31834948 4,6000000

14 ~26.638 281 3,8500000

15 -26,7558313 -2.7500009

16 -26,9274454 15,4000000

1? -27.0 79184 -1.9500300

18 -27.7495937 8,0999999

19 -29.3704615 6,249999°

2 -29.7635841 14,9499999

ngs it D 2 E-{ 03 10 A[3HT 8OYE) Mal“ (03€
2ANK NEEN LOp Jh{,f Klg{nsT 2yRsins ‘QHEE‘AQZ.J‘n or s {'QELfAA\C\E
« D8 ) ( DEG ) t DEG )
MAIN L03E s NULL o 1.4000000 -~
] 1 -13.4.51104 1.6000090 0.650,000
2 “17.8395 63 2.0500090 1.1000007
3 ~19.0473843 2.5%00000 1.60005201
4 -20.51 1842 2.6500000 1.900000°0
5 -24.9279484 3.4000003 2.4500000
6 -26.6337281 3.8500000 2.900000C
? -25.81°4 29 4.4000000 3.4505099
L] -26.3133493 4.6900000 3.650700C
9 -37.2785896 5.29000600 4.250:09C
: -31.2365917 5.6500000 4.7007000
11 -29.37°4615 6.2499999 $.300.000
12 -33.7483969 6.9999997 6.0505000
13 -33.9746788 7.449999% 6.4999999
14 -27.749%937 8.0999999 7.1499999
15 -35.224389¢ 8.8000000 7.8500000
16 ~36.2271452 9.2500000 8.3000001
17 -33.7633393 9.6000000 8.850.000
18 -34.°R25710 10.099999% 9.1501090
19 -36.9452945 10.6500000 9.700,00°0
2¢ -36.93 5455 11.1500000 10.2000000 E
k
! WAIN LOBE “uULL AND FIRST 2y SINE-LT3ES TO LEFT OF (BELOM) MAIN LIBE
AANK AEL. GAIN TRYE ANGLE REL, ANGLE
( 03 ) ( DEG ) ¢ NEG )
MAIN LO3E ®e NULL oo 0.5000000
1 -13.4359533 0.30000%0 «0.650700"
2 -17.99%1722 -0.1500000 =1.1002000
3 -19.24 2554 -0.6500090 =1.6007900
4 -2:.73 49583 -0.9500000 =1.9000000
H -25.2939432 -1.5000000 «2.450.00¢
) «27.°977:84 -1.950000¢ =2.90002°
7 ~26.2153692 -2.4500000 *3.400770° i
8 -26.7553513 -2.7506000) =3.700090" E;
9 =3',795452; -3.3000000 -4,250000 4
i -31.9225893 -3.7500000 -4,700000 i
1 -3 . 478488 -4,.3000000 «5.25000"
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e ¢ o o ANTENNA LOHE SCALL'ER & & o o SNUMB 7478T
5-16,Pass#l
THE MAlN LOWF GAIN IS 27.5111397
LOCATION 2h) SRELATIVE GAIN OF HIGHEST 20 SIDE (0+FS
RANK REL. GALN ANGLE
t DB ) t NEG Y
MA LN 7.0 0.9%00000
1 -2.4179293 5,4999999
-2.52791042 31,1479999
: 3 -5,8764405% 30.,1999998
3 4 -7,15961690 32.1999998
S “12.9648924 1.6€00000
6 ~12.97144858 n,3000000
7 -16,1952119 14,4000000
8 -16,25600083 16,6499999
9 *17,298 251 29,3999999
12 ~17,3439737 -0.,1500000
11 *17,3596315 2.0550000
12 =~17,4665236 33,0000000
13 -18,4° 16941 2,55020000
14 -18.6792567 -0,6500000
15 -18,73150¢06 13,90023300
16 -18.822446¢8 17,1459999
17 ~19,74785809 28,9499998
18 419,9815393 -0,9500500
19 »19.9922085 2,8500000
21 ~20.1955036 13.4499999
MAIN LDOBE SULL AND FIRST 20 SIDE-LNBES 79O RIGHT OF (AEOVE; MAl* LORE
RANK REL. GAIN TRUE ANOLE EL, ANGLE
¢ 83 ) t DEG ) t DEG )
MAIN LOBE e NULL oo 144000000 -
3 ~12.9643924 1.60C0000 0.6500009
2 ~17.3596315 2.0500000 1.10045000
3 ~18.6015943 2.5500000 1.6009000
4 ~19.9922 35 2.8500000 1.900000¢0
5 ~24.070312¢ 3.4650090 2.4500000
1 6 ~25.5558°7¢ 3.E500002 2.9000002
4 7 ~24.,7677870 4,4600000 3.450000°
8 ~25.1787148 4.65000%0 3.700660°
9 ~28.5097733 5.2600600 4.250600%
1t ~29.2299499% 5.6500000 4.70¢c0n2
; 11 -27.2774711 6.2499999 5.300%075°
4 12 ~37.6221596 6.,999999¢9 6.3505002
E 13 -30.5573592 7.443999%99 6.499999y
14 -24.2447600 8.1500500 7.2900200
19 -38.4030499 8.8c00CaC 7.8505002
16 -32.5818605 9.3490%99 B.400500)
1? -27.75°3753 9.8499999 8.9000600
18 -27.7833452 9.9499999 9.000000¢C
19 -27.8197:55 10.0599999 9.150.00¢
¢ -29.2776437 10,6999999 9.75C0¢6003

MAIN LOBE NULL AND FIRST 20 SICE-LO3ES TO LEFT OF (8EL04) MAJ' LNBE

RANK REL, 5AIN TRUE ANGLE WL, ANGLE
( 03 ) ( DEG ) ( DEG 9
MAIN LO&E se NULL se 0.57000C"

» 1 -12.9734846 0.3000090 =0.650u000
] 2 -17.3439717 -0.1%00300 -1.1000000
i 3 ~18.6092557 -2.6550300 =1.6000000
: 4 -19.98153%3 -0.9500030 -1.909:00"
5 -24,2859356 -1.5000030 «2.45Qn003

) -25.5649836 -1.9500000 -2.90G' 00"

7 -24,7480664 ~2.¢%70000 ~3.4000 90

8 -25.1424298 -2.7£306000 «3.709 a0

9 -28.4824582 -3.3900000 -4.250.00"

1 -29.239%212 -3.7550000 «4.700°00

13 -27.2338240 -4.3560900 «5,300u00"

no FURTHER SIDE L03ES gn THIS SIDE
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SNUMB=8522T

® o o o ANTE YA LOHE SCAN'EP o » o » 5'08,?&3'#1
TWE MAlN LOAE Galn IS 27.29 ~1?
LOCATION AND RELATIVE GAl' OF HIGHEST 20 SIfE LOKFS
NANK AEL ., GAlN AYL Ot
( Ne ) ¢ DEG )
»AIN e.C 0.55ur0cC0
2 -2.4162817 15,49959599
2 -2.5144982 11.1459999
3 -5.8353339 30,499999¢
4 =7.1°72483 32.2509000
5 -12.7843779 1.60000°0
6 =12,8343921 c,30co0c00
? ~15,87 44491 14,40C7000
8 ~15.9701447 16,649959y
9 ~16,865453¢6 -C.15c0000
b ~16.9 963601 2.0500C00
11 -17,1°2°508 29,39999%97
12 *17.293 317 33,0499v97
13 ~17.71L6066 7.6999999
14 ~18,2415919 -0,6500000
15 ~1R.2753303 23,0520000
16 ~1€.3392048 2.5500C00
1?7 ~18.3¢57810 13.,9009000
18 ~15,4994216 17,1499999
19 ~19,29272¢08 22,3000000
i ~19.29%° 777 28,9499993

“ IZE MLt O] EI ¥ "Eel O 10 415KTY OF " ] N L@P
i IN L73E EELf'EA?L ST 2u SJIDE Lf?ﬁg ‘“cha (ha ‘EQELflA‘uEEE
¢ oa ) ( DEG ) ¢ DEG
MAIN LCEBE oo NULL oo g3.4209000
1 ©12.7863779 1.67G0000 0.650uc00
2 -16.9.55360 2.C5cC0C093 1.106007
3 -18.3152 48§ ¢.550€03¢C 1.605¢00¢C
4 -15.4074 37 €.650009¢0 1.900c00”
5 -23.3u%5713% 3.400009¢C 2.450%000C
6 -24.6350409 3.853062¢ 2.900:¢C0C
7 ~24.,7437498 4.4PC000C 3.4507C00C
8 -24.3697534 4. 6500008 3.706L000
9 =27.0157647 $5.2%90000 4.250000:
1 -27.3168278 $.750000¢0 4.750L000
11 -25.8R1%17 6.15C0CN0 5.200.00C
12 -25.5513277 6.6000C00 5.6500000
13 -25.577 3382 6.949959% 5.9999999
14 =17.7176" 66 7.699999% 6.7499999
15 -19.432322% 6.5500000 7.600:00¢
16 -25.5333%424 g.4000C00C 8.450L00C
17 -26.3975 24 106.1530000 . 9.200 ccC
18 -27.4084478 1€.6500C930 9.700000C
19 -27.,1784949 11.1500000 10.2000¢90
24 -25,7°932465 11.6500500 10.700.00C0
VAIN L8 L. AMD FISST 2. SIPE-LT3FS "7 LEFT OF (RFLOW) MAIN LOBE
RANK REL. GalN TE4E ANGLE QEL. ANGLE
¢ b8 ) ¢ DEG ) t NEE )
MATN LOBE e \ULL oo 0.5207C00
p -12.534392) e.37°50650 «0.650' g0C
2 -16.8464538 ~(.15%20000 1.1000C0C
3 ~18.,2415915% -r.6%00 08¢ =1.6007007 P
4 -73.63FL31% =1.5800009 -2.4500 00"
s -26.973539% =1.95C6u0¢ «2+900.10
[ -24,2%15478 =2.45000¢C «3.,40C 07"
4 -24  BrR4158 -2.75000¢ " -3.7007
8 =27, N4495¢ -3.3500000 4,250 ("7 b
9 =27.2272577 -3.88¢000n¢C -4.750000
1 -26.(R9' 44a -4,2%0009¢ «5.2000000
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SCATION & SELAYIVE Za'. OF wIGHEST 20 S1%2 4057
ANK FzL. G4l ANGL
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AlN S 1
1 -7,4192¢479
é -2.5327292
3 -5,4221240
4 -7.16. 194
5 -1 2, 84%e333
) ..2,9281276
? ©156,0376420
4 =14.026223
g el7,u177589
s «*7,1675330
11 ~17,1505623
12 -17,2822295%
13 -17,514252%
14 17 ,5651447
15 -.7,6758%63
L8 -12,1¢378456
1? ~1F,1645774
18 =19.,1153328
19 ~19,.3751125
& ~13,4698767
LOFE = Qe Tas). IR 134T CF (A=
EE_ . AIY L€
(e )

. . °a ¢naig
-1¢.E435233 1.,6350203
-17.1479235 2.1756093
-17.%19332 2.6ae0C13
-23.3497E801% 3.4505090
-76. 1775575 3.9350093
“24,307964y 4,470030
-26.76733%9 $.3250233
-75.¢Y825%8 5.79¢053¢C
-7%.7387334 6.2455377
-?24..392%601 6.4955 95y
-17.5738843 7.3508¢
-23.3514524 €,15303
-15.973° 32 9.0%04C0
“2h.z40=51%e 9.9°30201
-7€.2572 3¢y te.3200000
-25.,3350v29 10.753050¢
-76.%5°33793 111988309
~24.6°295%9 11.7439¥6%
-73.972.283 12.C0%20308
-24.5525493 12.5500000C
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=g,100000)
2,650C200
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13,5¢59999
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TuE MalN

LOCATION aAD PELATIVE Jal*
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QO® NOWVAWN >

L N el
DTOBNOWVAWN
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“AIN LOBE hubb ANQ‘?jGSV 2L SICE-L
L4 Y3 fl Al

RANK
t pR )

MAIN LOBE e \NULL ®e
1 -12.7466478
2 -17.2253p44
3 -18.3363527
L} -19.6621°32
S -22.3354607
6 -16.7721853
7 -23.5872664
8 -26.7357328
9 -?27.2913327
30 -23.9395870
11 T =23.12695%4
12 -23.6971236
13 -24,4339196
14 ~25.(424733
15 =27.7037826
16 -26.2326169
§7 -2r0.0784783
18 -?21.634y532
19 -19.4077225
20 -18.3212624
MAIN LOEF '"ULL AND FIRST

RANK RE_. GAlN

(¢ pB )

YAIN LOBE o UL ee
| ~12.929365¢
2 -17.,1822166
3 -18.5134997
B -19.£11737%
b -22.7326317
6 ~18.,317678S
? -2¢,.254°78
[} =27.317935%
9 =27.621%24¢7
1 c74.492n 148
11 «24.91:%783
12 -25.6921 43
13 ~?3.0577282
14 24 443272
h b =27.19%9481?7

LO%E Aalt IS

2EL. GAIN
¢ Ub )

.0
-2.7421927
-3.,7377357
-10,3437749
~12,74%0478
~12,92Y6654
-14,6737990
-14,7674067
-16,7721853
“16,929111y
-17.182216¢
-17.2293844
-.%,3126785
-16.3212624
~1%,3383527
*16,5134997
»18,9991365%
©19.0:57526
-19.4727225%
*19.4139373
r19.5624905

CzES

TRUE »
« DF

S.

OF WmIGHEST

S
4

17.7%60000
18.2%00000

SNUMB=3575T
5-09,Pass#5
TP 2A31:52
20 SINE LORES
AYGLE
t DEG )
4.999999%
19.6459699
19,4499998
20, 44799938
5,650C000
4,3500000
16,7505000
34,4499998
7,9959999
21,0500000
3,50000300
6,1000000
2,0000000
18,25C0000
6,6500000
3,4002900
22,5999999
21.5500000
17,7500000
33,3499999
23,2500000
'1”4}Gn[ OF (ABOVE) ™A™ LO3E
LoL FEL, AMGLE
) ¢ DEG )
509€90
5.6%00C0) 0.650:8r0
6,1000000 1.100Cc2°
6.6006530 1.600702¢
€.99C0093 1.9000:0f
7.4499995 2,450,007
7.9999%99 £
§.6999999
9.3c00C00
9.6999599
10.346999¢% T
11.0999939 6406 C0¢
12,2499999 7.2499%2?
13.40C000C 8.490¢.(71
14,0959999 9.4003292
14,9999999 10.00c.C0¢C
15,4999999 10.5000002
16,4499998 11.44G9999¢
17,3499999 12.35¢.00¢

12.750:C21
13.2%0°C31

27 SIDE-LC5S Tn LEFT CF (BFLOW) VAIN LPBE
THJE ANALE
( DEG )
4.5500000

Np FURTHER S10& LoBES gN ThiIS SI0E

J-34

4.3500009
3.920009¢C
3.405000C
3.1000C29
2.55¢0CH0
2.0060030
1.3/00C00
C.B630000
¢.3090000
-C.25908932
=1.0%C0C30
-2.1%00cC0C
-3,3%00000
=3.9%G0000
-€,8000000

SEL, ANGLE
( DEG )

*0.6507¢C
=1.100.200
=1.600 300
«1,9004°
°2, 45070
«3,0060° ¢
«3.700° ¢

-4 ,19%99%%
-4 899357,
«5,249%¢"

6,050 '
«7,1499393
8,300

8,94v99%y
9.800.9%"




o

i
b
A
ol @ wtie ANTESAA  AEC Sp
YRE MalY% LORE 54 I3
: S.T10N AT LAYIVE 54 £ SlGRE
4 e PEL b el
v & Do, )
i MaTs e
j . ~¢ 5223424
! : ~2.,73¢ nsd
r 3 -4, 4695253
3 M ? 32931
: $ T.r226)28
j 6 5 3a?:7
p 5 ryra=
5 4. AR&21 374
9 $.5627317
) "129745
1t i 72370
h 1 372222
3 12,2 22547
‘4 18.3273%44
o -17,4383194
YR -1%,8777439
o7 =15.5220372
15 1% 378224F
12 ~18,9611697
- ~19.597530¢
" oAk
AT
\
p
3
¢ <39.7)57c74
5 -23.247 7872
6 -1Fk..952272
. -Pe.3n42174
£ «26.,1765515
-27.7935847
y -21. 633777
o -23.1373427
1z ~CE L FUKT 94
.3 3556755
18 292847
‘g 2341743
8 IyPs 4
7 I?5EG45
14 985747
0o 263424
5 ER27ELT
’
vir, LN u FiasT 2zt
S v R w ¢ .
: Y te
i Lo & Nifo. &8 3
. -13..275°29
| : “8% 1835 73
x 4837852248
. =15.5.6% {5
b -2X, 6594044
& a3¢ 0431374
. AR LA
5. 8353434
9 PR3 137455
. g =21,1304822
. B i ;(151
12 bl Al AL
ARy AN et SR T OB ()

J=-35

AVER & e o

27,2821 70

12.9999%% 4
14.050000%0
15.19v05 %y
16.2545Cv 290
16.5559% 32
17.1¢5999%
17.6499%95
18.7%60593
19.945999%

8 f

B

'

AR AP VT RIRIRI G T

SNUMB=3575T

. 5-09,Passi4

3,3525004
17,6859599
33,195%3%0
0,653%300
19,9¢y37v790
5.4936300
2. 9055900
7.,3%553309
15,157%+,77
17,1459597
$5,620)000

3£,6225200
2,407770)
20,433v%
* 16,£3335%0

-

0,650 9°°

$£.988 -5
2.45;

3.35C.
4,302

5.69,2¢:
6.00C 371
7.24943%,
?7,650:90"
§.997295y
10.053.50607
11.199939%
12,2560

12.69y29 70>
13.14677%%
13.649797%7
14.75¢ 33:
15.94v579%~

e

(AP Oa) YALL LO8E

NE

«0.,650CIC
«1.300.
“1.830°37°
=1.925.0°
“2.450 .~
»3.35( >
«4.,399° =*
-5,4 "
-6.050

«5,749.

s¥.109
«8.9nr .

Cdliard Gt e

|
|
g

St il )



LG AR s

B LOcaAYON
CANK

“Aln

L OB N VS N

RAYK

E MAIN LOSE

PO® NOAS N e

o o o o ANTEN'UA LIJHE SCs .

Yuf MalN LORF Galt 13

AN YELAT]vE

MATN LNFE Ly ANg RRAST 2.
Lo AT

{ 23 )

viLe ee
-12.5413129
“17.101,351
-18.4261961
-19.737,558
=23.4955569
-24.6274210
-23.9355:97
-24,2567201
=17.2214642
-28.44" 3587
-28.4193501
-28.4574442
-23.6342310
-29..39)301
-27.2433197
-19.34° ,526
-24,3263130
-?24.5%2322¢6
-24.903%96%9
-22.7943531

421N LOSF ULL AYID FIASY

-~

<
»
-
Fd »
- X

o™
"

OO Yo DLr BN

11

e

bonHER S

2E

- TAls

¢t 9y

WL ee
-12.3112?221
-17.3792435
-15.%4845%3
=23.e172507
=«25.1037340
24,178,204
-24.72°35%8
=15.5294,56
~7R.8%72848
-r9, 42259
-77.°594168
71,6243
BRI ST TALY |

€ LOEFS gN THId Slut

-2.5313:277
-?2,h074615
-4,R 57899
~2,7522545%
~12.8119221
=17 ,R413129
«15.5721443
-16,2541118
«16,5.56825
«17,1"1:354
=17,2214642
«17.37926(05
-18.,4261961
=18,5294156
«16,5454853
~18,6286335
«13,8374223
-19.08J6193
-19,277 119
r19,340:%26

SINE=L5FS
S5[%€ LY=3G

" e 0 o o

5-09,Pass#3

d |
SNUMB=3575T ]
|

GAl' OF HIGHEST 20 §[2% ("6FS
REL. GLalv “GLE
¢ 08 2 t DEG )

3.c005008

71 313#7 ¥ ¢a=d
ANGLE

"t DER )
3.4500070

2T SINE-LO3IES Y9 JEFT QF (BTLIS) “al

TR,€

3.6530002
4.1007003
‘4,6917009)
4.959509")
$.4530310
5.92¢0303
6.447979y
€.6530200
7.6399997
9.0500010
9.44399739
9.53530332
10.1999999
10.93319032
L1.573000)
12.74799727
13.873300¢
14,1795999%
16.6979579
15.1299999

ALoLR

€ 085 )
2.55090°

2.352037

1.9°00

J-36

17,69¥97%¢
33,7527300
32,75.7200
34,c679599
2.3502200
3,6500300
16,5507000
31,74799994
1€,8499v99
4,1027500
7,09799999
1.9033200
4,4C00200
-1,7¢03200
1,6000200
16,7533000
19.3437%99
31,46479998
22,2505700
12.7479993

o Tl

L., AN
« ne

or
-
m

0.6507317
1.120:232
1.603°2M)
1.900129¢ 3
2.450.25)
2.909,392 4
3.450022)
3.6505273 3
4.790100) $
6.053.31? 4
6.4%3239)
6.552102"
7.23073%)
7.900:2209 y
8,9007002 3
9.7499393
10.80)3739°
11.199293y
11.6997999
12.1997999

«0.5%3100C §
=1.100000" 4
«1.600750° {
*2.450°0n
©2.90G0 795 |
3,45 0
«3.8%5° 0
4,707 g
«8.3%7 b

“6.4797 7 ¥ % 3
*8.857 0" é
«7.145299. 4
«7.8999%y




e ——

o & o ® A TF
THE MaAlN L0-E Gaf
&Y ’ . g
CATION & ATIVE Tt 13
A HEL. GAlN
t B
.l ’
. R
3 -2,573
3 =5,245%
e -7:79
5 -12,851
P -12,933
. 7 =13.83¢
. 3 o
v 15,67,
1 «15.327%
11 s
12 -16.€21
11 =16,71%
=i -1¢.92%
15 -16.957
16 e17,2%2
17 =17,235
.8 -17.472
19 FUSIRes
PE *21.,17%
sty S€
24 7
AlN LE3t 5 e
1 2.9153358
3 2 7.822755
- 3 ARSI
H 4 529553
s 571
" 121
bl 123
& €5
P 324
1 836
11 349
12 134,313
i3 278
14 4729
5 ¥5273
e “17.¢72225)
7 =16.4213E45
18 -15.373773%
19 -2.45°3272
: 2 “15.8299179
i WAl L5t vl kup riRst 2
24w RE.. ShTs
( )
vary Lo ®e ., 1_. ee
1 =12.5"1 4568
z -1-.9%738473%
: 3 “15. %4723
3 ¢ «23 4732752
« -25, 547711
. =21.3175%47%
- -%K,7 4573
5 a2¢.0'5)°44
3 -7, 5839327
Nn FJOTUED §1%: | auwt$ ov THIS S1L*

J-37

SNUMB=3575T

SCANYER o & o ® 5-09,Pass#2
5 27.29 134

A134EST 20 S[7 LORCS

ANG E

£ ae5 3
3172
53713
1276
5317 X3,5477557
6352 1.35C3€C00
:365 2.633°200
S371 0435.3300
2714 15.€575739
254 3,65 k1Y
317% 17,8C:%39%0
sagt 30,6557+94
1345 16,5455599
1Re; 14,35¥5596
775¢ 30,3456999
347 €,9907500
1072 18,3073G63
2755 3,1081200
22¢:
4451
5479

o
i B O R AD B O

A
3D
»
it
3
o

2D

Do

SRR PIROR
y

T U DN YTPD L
©D OV OO s

v
>
CHOr 0 W O

-

AR 30 NNV A A GWN -

13.0+5999
13.9995555
16,6534353)
14.54555%%
15.4359557%
16.5729555%

17.64C2¢%
rEY of

“

s 0g
DA L O PO

L )

(32 %4) AN M%7
Wi, AGLE
t nEL Y,
«0.6%075"5
*4.400°¢C
«1.657 -
%, b
«2.90: .2
i

«3.403.0
-4,245%975%
5,180
«6.050°




SNUMB=8712T
® ® o o ANTENVA LOBE SCANGER ¢ o o o 5-08,P888#1

THE “alN LORE Galn I3 96.782AE54

LOCATION aAND RELATIVE GAIN OF WIGHEST 20 S[NE LOEES
RANK REL. Galn ANGLE
t "6 ) ( DEG )

MAIN 0. 0.9500C0¢

»26,0666218 1,6000000
~26,1738284 © 0,3000000
~34,2516775 2.,0000000
~34,9482164 -0,1000000
~40,8791312 2,50000%0
=41,35(1396 -0,6000000
-45,156 392 2,9500000
-45,7956123 «1,0500800
-48,8303165 3.,40060000
»d8,8742461 -1,5060000
-49,8733263 7,6999999
*»51,6463060 15,4000000
-51,6609583 3.8501000
~52,8736649 =1,95Cc0000
©53,6742058 4,3000000
=54,235%3220 8,5500000
=54,6396017 14,9999999
-54,6734762 "=2,4000000
=56,166:337 4,7499999
~56,7862787 5.1500000

SO N VA A

““ ty HQ FIRST 29 SIDE-LOSES T2 R[GHT OF (480 MalY LORE
IRCOOE il AN, SAFET 20 BIRE-L05 ¢ 1906% $ vesEL.lANGLE
¢ 03 ( JEG )

MAIN LOBE se \ULL oo

-26.7665218 1.6000000 0.6500000
-34.2516775 2.0000000 1.0500000
-47.8061312 2.5000000 1.550c009
-45.1560392 2.9500000 i 2.0003000
-48.83r3165 3.4000000 2.450,000
-51.66°9583 3.8500000 2.9005000
-53.6742°58 4,3000000 3.350.00°
-56.1660337 4.7499399 3.800200C
-56.7862737 $.150000¢ 4.200,90°
-58.3572598 $.9200C30 ____4.950:c22
-57.1964912 ; 6.8000000 5.853.00°
-49.8733263 7.6999999 6.7499979
-54.2353220 6,5500000 7.600.002
-63.5139732 9.3499999 8.4007000
-67.6198 42 10.2500000 9.3000001
-69.3638065 10.5996999 9.6500000
-77.9153433 11,1500090 10.200%009
-71.8954372 11,5500000 10.600¢007
-71.9993391 12.0500000 11,100000¢
-72.2177820 12.4999999 11.5%00000

RANK

TMATN L9BF “uLL AND FIRST 20 SIBE-LNAES T2 LEFT OF (BELOW) ™AIN LOBE
RANK REL., GAIN TRyF ANGLE AEL, ANGLE
¢ U9 ) t DEG ) ( DEG )
MAIN LOBE se NULL oo - 0.450000C
-26.1138284 6.3700000 =0.6500000
-34,.9432164 -0.1900000 =1.0500002
-431,35°1396 -0.6500909 «1.5500000
-45.7956123 -1.0500000 =2.0000009
~48.694246) -1.5000000 =2.4590000
-52.8735649 -1.950000% «2.900000
-54.6734742 -2.40C009¢C -3.35¢c00"
-5A. 294418 -¢.8%0000y =3.800000C
-65.4149742 -3.2500¢600 =4.2001 000
-59.5294666 -4,0500090 «5.000.00°
=53.78 5491 -4,9000000 -5.850000
NO FURTHER SIME LOBES gy TWIS S1DE

T O NO VA WN -

e




SNUMB=8430T
06-19,Passi#2
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SNUMB=3732T
@ o o o ANTENNA _LOBE SCANNER o o o o 5'29.Pass#1
TuE AaIN LOBE GAIN IS 91.35960197

LOCATION AND RELATIVE GAIN OF HIGHEST 20 SIDE LOBES

RANK REL, Galv ANGLE
t 08 ) !t DEG ¢

MAIN 0.0 1.0000000
1 ©26,03082833 1,6500000
2 «26,1622267 0,3500000
3 e34,9811382 2,1000000
5 43%,1812410 «0,1000000
s 36,216314) =0,6000000
[} 35, 44VEV58 2,6000000
7 =48,4974327 3,4500000
8 *48,7085647 7.3500000
9 *49,3990908 4,4000000
10 «49,5082874 «1.4500000
£1 =50,2500629 3,9000000
12 &50,2783987 -2,4000000
13 *50,8110867 =1.9500000
1¢ -52,677587% 15,4499999
15 *53,0558178 5.,6500000
16 «54,8898957 8,9499999
17 =54,9535942 ~3.6500000
16 =55,30%8278 8,1500000
19 =55,7013%88 15,0500900
20 «57,0573%97 6,2000000

! N RSY - AIGHT []
?‘t:‘wse VL Nonéil, SG“K?, SIDE-LORES "Q'JgGA”NGLDE‘ {ABDYE) .uv 0BE

AEL, ANGLE ;

( 09 ) ( DEG ) v . CDEa Y A

“AIN LOBE se NULL oo 1,5000000

1 -26.,0382833 1.6500000 0.6500000
2 -34¢,9811382 2,1000000 1.1000000
3 -36,4496956 2.6000000 1.6000000
‘. -48,4974327 3,4500000 2.4500000
H «50.2%00829 3,9000000 2.9000000
6 -49.3990908 4.4000000 3.4000000
b -57.4847221 5,2499999 4.2499999
| (] -93.8958178 5.6500000 4.6%00000
| 9 -57.0573%97 6,2100000 5.2000000
19 -48.7085667 7,3500000 6.3500000
11 -55.3048295 8,1500000 7.1%00000
12 -54.80585%) 8,9499999 7.9499999
13 -66,1152020 9,8499999 - 8.8499999
14 -65.8676863 10,1999999 9.1999999
| 3 15 -65.8178797 10.6500000 9.6500000
| - 16 -68,2846251 11.6999999 10.6999999
| 17 -67.8468425 11,9999999 10.9999999
| 18 -70.712%019 12,3499999 11+ 3499999
| 19 -72.9573349 13,0500000 12.0%00000
20 -67,89506%3 13,4999999 12.4999999

|
§
E
|

MAIN LO3E NULL AND FIRST 20 STOE=LOSES TO L(EFT OF (BELOW) MAIN LOBE

AUNK REL, GAIN TRUE ANGLE L, ANGLE
{ D8 ) ( DEG ) t DEG )
“AIN LOBE os NULL oo 0,5000000
1 -26,1622267 0,3500000 «0.,6500000
2 -35,1812410 -0,1000000 =1.1000000
3 -35,21837¢3 -0.6000000 =1.6000009 =
4 -49,5082874 -1.4%00000 =2.4506000
] -50.8110867 -1.9500000 -2,9%00000
6 -50.2763987 -2,4000000 «3,4000000
7 -%58,85434%8 -3,2500000 =4,2%0000
8 -54,9535942 -3.,8500000 *4,6500000
1] -38.8243213 -4,2000000 *5,2000000

“p FURTHER SINDE LyBES gN THIS SIDE




R T e

® o o o ANTENNA LOBE SCANNER o o o o

TME MAIN LOBE GAIN IS 94.0984230

LOCATION 4ND RELATIVE GAIN OF WIGWEST 20 S[DE LOSES

RANK REL. Galwn
( 08 )
MAIN 3 0.0
1 «13,%852003
2 =16,92461068
3 17,7893343
) ~25,3000479
S ©26,7227535
6 =32,3995099
? -33,7192883
[ ] ~37,1383023
L «37,9718284
10 d1,6713243
11 edy 9627337
12 “44,3799043
13 ©45,2296977
14 «d46,7913661
15 049 ,3764943
16 «49,6418691
17 «50,0995593
18 -50,68179038
19 »51,6629291
20 =51,7454050

ANGLE
( DEG

2.0000000
0,3%00000
1,0000000
1,3%00000
2,65r9000
3,7000000

*1,3500000
3,1000000
=0,3000000
5,3500000
4,4999999
~3,0000000
7,0500000
*2,2500000
6,2499999
*3,9000000
7,9499999
«4,7000000
8,7500000
30,3999999
32,4499998

SNUMB=3732T

5-29

0] N AND FIRSYT 20 SIDE-L03ES Y3 RIGWT OF (ABTYE) MAIN LOBE
5?:#035 v DREL,SSA%N gaLoek Y‘JE ANGLE AL

t 08 )
MAIN LCOBE *e NULL oo
1 -2%5.3000479
2 ~33,7192883
3 +26,7220535
. ~43.,6713243
s +37.57182%4
6 ~46.7913663
bl ~64.3799743
8 ~49.6418491
9 ~50.6817908
10 ~52.2115121
14 -55.8265767
12 «53.6677060
13 ~61.0627646
14 -54,858252)
13 -99%,51227%2
16 «51.9100146
17 ~55.8025813
10 «70.9027805
19 -68,2287655
20 ~71,4153032

YAIN LOBE NULL AND FIRST 20 SIDE-L03ES TO LEFT OF (BELOM)

RANK

REL, GAIN
( DR §

MAIN LOBE ee NULL oo

LA T A

«17.7893343
©16.9246168
v$3:5852003
-37,1383023
-32.3995799
«45,2296977
*41.9627337
-49.374494
«90,0995993

No PURTMER SIDE LBES gN THIS SIDE

t DEG )
2+5000000

2,6500000
3.1000000
3,7000000
4,4999999
$,3%00000
6,2499999
7,09%00000
7,9499999
8,7500000
9.5999999
10.4000000
11.3000000
-12.0%00000
13,0%00000
14,4000000
14,8000000
151999909
16,3499999
16.8000000
17,3000000

EL. ANGLE

( DEG )

MAIN LOBE

TRUE ANGLE .E%'UE:G%E

DEG )
1,5000000
1.3%00000
1.0000000
0,3%00000
-0,3000000
-1.3500000
-2.,2%00000
=3,0000000
-3,9000000
-4,7000000

,Pass#2

0.6%500000
1.100C000
1.7000000
2.5000000
3.3%00000
4.2%00000
5.0%00000
5.9%00000
6.7%00001
7.6006000
8.400.000
9.3003%00
10.0503600
11.05000¢0
12.4003002
12.8002000
13.1999999%
14.3499999
14.8000000
15.3000000

«0.8%00000
=1.0000000
«1.6500000
«2,3000000
+3.3500000
«4,2499999
“4,9999999
=5.9000000
«6,6999999




¢ ¢ ¢ ¢ ApTENNA LOBE SCANNER ¢ ¢ o o

THE AAXF LOBDZ GAIN IS

LOCATION AND BELATIVE GAIN OF HIGHEST 20 SIDEZ LOBES

1 1Y 1L RZL, Galw

BALlW

DO®W YO VE WM cOVS YO VE Wl -

N oaia el aialal et bl

WATN LCBE wULL APD PIRST 20 SIDE-LOBES TO RIGH?

( o3 )

0.0
-25%,428764)
-25,4585%25
-34,207801¢
=37,3320042
©37,6329222
“47,775625%
-u8,2625%2.
49 ,696315F
«50,616306%
«50,97271%
«51,304397¢
«51,5849%43
=-53,0992%0¢
-54,439922)
-56,205316¢
«56,935205%
-56,9948452
-57,615564¢
-58,807083"
«63,3836%63

916239620

SNUMB=3765T
2-19,Pass#l

ANGLE
{ 026G )

TRUL ANGLE

{

oeg )
1.5000000
1,5500000
2.05¢0000
2.55000C0C
3,4000000
3,8500000
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APPENDIY K
INTERACTTEVE RADAR SIMULATOR

DESIGN SENE SRy,

K.1 TINTRODUCTION

This appendix documents the results of a study and
investigation directed toward the design of an Interactive
Radar Simulation system. The Interactive Radar Simulation
system described herein will significantly improve the eff-
iciency of design engineers in performing radar system evalu-
ations, in testing new concepts, and in predicting the effect
of subsystem parameter changes on total system performance.
The suggested design includes features that will streamline
the process by which the RADC Radar System Simulation Model
(RADSIM) computer program is used.

This streamlining consists of eliminating the menial,
time-consuming tasks which are associated with the present
method for submission of batch or time sharing computer jobs.
An example of this is the typing of simulation control and
module parameter cards on either a keypunch machine or a
time sharing terminal. At the output end of the simulation
process, the digestion of output data by the user is improved
by the use of a high resolution CRT graphics display. This
device will allow the plotting of output data directly from
the host computer. In addition, all information required
to convert a radar system block diagram into a form suitable
for simulation model usage will be stored locally on magne-
tic tape in a catalog form complete with index and cross ref-
erences so that it can be used in the same manner as a ref-
erence document. The hardware system for implementing these
improvements will be referred to as the Dedicated User Inter-
face (DUI). The Tnteractive Radar Simulator system described
herein consists ci the Radar System Simulation Model (RADSIM)
computer program, the Honeywell 635 host computer (H635) and
the Dedicated User Interface (DUI).




K.2 INTERACTIVE RADAR SIMULATOR
BACKGROUND AND REQUIREMENTS

In this section the background and shortcomings of the
existing RADSIM computer are discussed and the Dedicated
User Interface (DUI) is described in functional terms.

K.2.1 Simulation Model Usage

The RADSIM computer program in its present configuration
consists of two segments which are executed as separate ac-
tivities. These segments are referred to as the Simulation
Data Initializer and the Simulation Controller/Modules.

The Simulation Data Initializer serves as the interface
between the user and the Simulation Controller. This seg-
mentation of the simulation model computer program was nec-
essary since input data in a format convenient to the user
must be converted to a form suitable for use by the simula-
tion modules. The user defines the simulation via two types
of punch cards: simulation control cards and module para-
meter data cards. The term punch card is used here in the
sense of either a physical punch card or of a card image
if the job is submitted through the CARDIN time sharing sub-
system of the H635.

The simulation control cards determine what operations
are to be performed in the simulation activity. This includes
the following: (1) scheduling of modules for execution, (2)
data transfer to and from temporary disc files, and (3) modi-
fication of parameters for multiple executions of a simulation
model configuration.

The module parameter data cards define the parameters of
the simulation modules to be executed in the simulation ac-
tivity. Each module requiring input data has a unique name-
list which contains the input parameters. Upon completion
of the Data Initialization activity, the Simulation activity
is executed.

At the present time the output data of a simulation job
is written onto a permanent disc file or magnetic tape, or
punched on cards. The user then picks up the output data at
the central site of the host computer or uses the time sharing
system to dump data stored on permfile to paper tape or to
listing paper.

K-2
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K.2.2 Simulation Model Limitations

In subsection K.2.1 the use of the existing RADSIM com-
puter program was briefly reviewed. 1In this subsection those
aspects of the computer program which restrict or otherwise
hinder the use of the simulation model will be discussed. 1In
performing a simulation job there are two phases which consume
the majority of the user's time, i.e. the operations of data
input and data retrieval. In other words, the major bottle-
neck is the interface between the user and the host computer.
Most of the time spent in performing these tasks is not en-
gineering design time, e.g. the keypunching of control and
module parameter cards or alternatively, typing the cards in-
to a time sharing file. 1In addition to the typing task, the
user must constantly refer to tables of module names, refer-
ence numbers, parameters, and units of measure during the pro-
cess of converting a radar system block diagram into a form
suitable for input into the RADSIM computer program.

At the present time, the output of a simulation job is
written onto a permanent disc file or on magnetic tape, or
is punched on cards. This aspect of the process of accomp-
lishing a simulation is a significant factor in job turn
around and is probably the most expensive portion when the
manhours expended in the manual handling of data are considered.

In order to summarize the limitations described above,
the following example of a simulation job is offered:

1. The user defines the block diagram complete with
the parameters of a system to be simulated.
(Elapsed time = 2.0 Hours, User Time = 2.0)

2. The user converts the block diagram into a deck of
cards suitable for input to the data loader activity.
(Elapsed Time = 2.0 Hours, User Time = 2.0)

3. The user submits the job to the host computer and
the job is executed. (Elapsed Time = 1.0 Hours,
User Time = 0.25 Hours)

4, The user retrieves the output data in the form of
punch cards or magnetic tape, transports the data
to an off line plotter system, and plots the data.
(Elapsed Time = 2.0 Hours, User Time = 2.0 Hours)

K-3
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In the above example the user spent 6.25 hours perform-
ing a complete simulation job of which only 2.0 hours were
used in performing an engineering design task. Approximately
607 of the design engineer's time was consumed by non-engin-
eering tasks. In the following subsection a system is des-
cribed from a functional viewpoint which will improve the
productivity of the radar design engineer by freeing him from
the menial tasks which must be performed in order to use the
current RADSIM computer program. In the example presented
above, if the data were dumped to paper tape via an ASR 33
teletype, the time required would be even greater since the
ASR 33 data transfer rate is only 10 characters per second
(cps). Since 10 to 13 characters are required to represent
one floating point number this corresponds to one point of
data per second or less. A plot of 3000 points would there-
fore, require almost one hour to punch on paper tape.

K.2.3 Dedicated User Interface

A Dedicated User Interface for the submission of simu-
lation jobs and retrieval of output data should, as a minimum,
have the following capabilities:

(1) Storage for all computer program data required by the
user for the specifcation of parameters

(2) The capability of producing block diagrams of the simu-
lation job

(3) Storage for the job definition file such that it can
be used in the construction of future simulation jobs

(4) A high data rate channel for communication with the
host computer. The upper bound on data rate will be
determined by characteristics of a voice grade direct
dial telephone channel

(5) A high resolution CRT display capable of plotting the
output data

(6) A device capable of producing a high quality paper copy
of anything presented on the CRT display.

With a system having these capabilities, the procedure
of job setup will simply be a matt.r of the user answering
a sequence of questions posed by the DUI. When the job def-
inition is complete, the user will have a paper copy of the

K-4
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simulation block diagram and a magnetic tape cassette con-
taining the job definition file in a form compatible with the
RADSIM computer program. The user then connects the DUI sys-
tem to the host computer, selects CARDIN TSS subsystem, trans-
fers the contents of the cassette to the TSS current file, and
gives the RUN command. The DUI is then disconnected from the
host computer.

After the simulation job has been executed, the user con-
nects the DUI to the host computer. Again - question/answer
sequence is entered where the system asks the user what is to
be plotted and some parameters of the plots. The data gener-
ated by the simulation job are then plotted on the CRT display.
The CRT display can subsequently be reproduced on paper if
the user desires a permanent copy. In addition to immediate
plotting, the user has the option of transmitting the contents
of the simulation job output file to the DUI for recording on
a magnetic tape cassette. The stored data can subsequently
be plotted off-line. In addition, the data generated by the
host computer can be used as input data for programs executed
by the DUI as a stand alone computer system.




K.3 DEDICATED USER INTERFACE HARDWARE

A functional block diagram of the suggested Interactive
Radar simulator is shown in Figure K.3-1. The DUI subsystem
is indicated by a dashed line. Two hardware designs which
satisfy the DUI requirements delineated in paragraph K.2.3
are described in this section. The two designs differ pri-
marily in the minicomputer selected for the communications
buffer. Design #1 is configured around a Hewlett-Packard
2100A minicomputer. Design #2 is configured around a Digital
Equipment Corporation PDP-11/05 minicomputer. Design #1
offers performance superior to that of Design #2 in every
respect, but does so at a higher cost. The details of each
design are discussed and a comparison made between them in
the remainder of this subsection.

K.3.1 System Design #1

The block diagram of the Design #1 system is presented
in Figure K.3-2. The features and parameters of the sub-
systems which make up this design are discussed in the follow-
ing paragraphs.

K.3.1.1 Hewlett-Packard 2100A Minicomputer

The HP2100A minicomputer is a user microprogrammable
general purpose machine. A summary of the HP2100A parameters
is presented in paragraph K.3.3 which compares the HP and DEC
minicomputers.

The memory requirements for the HP2100A are determined
by the combined size (13K) of the minicomputer Basic Control
System (4K), the DUI executive program (3K), and the Simu-
lation Job Setup program (6K). Since memory is supplied in
either 8K or 16K increments, the memory size chosen for the
minicomputer is 16K.

Eleven Input/Output (I/0) channel slots are required to
connect the peripheral devices and special processing modules
to the HP2100A. The required I/0 interface cards and other
nrocessor modules are given by the following list:

1. 12587B EIA RS232 Asynchronous data set interface

2. 12531C Current loop interface to operator's
console

K-6
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3. 125358C Time base generator to provide timed
system interrupts

4. 12908A Write control store for user microprogram
development

5. C-HP21 Controller and interface to the Versatec
1600A printer/plotter (this item avail-
able from Versatec)

6. 12620A General Purpose interface to hard copy
interface unit

7. 12531C-001 Serial asynchronous interface to
Tektronix 4014-1 graphics display

8. 12566B General purpose interface for fabricat-
ing interface to the Remex Cassette sys-
tem and to the HP9865A cassette memory
unit (2 cards required)

9. 12597-002 General purpose interface to the HP2748B
paper tape reader

10. 12901A Floating point hardware.

K.3.1.2 Anderson-Jacobson Modem

The A-J Model ADAC 1200 Data coupler transmits and re-
ceives data at 1200 baud over the dial-up telephone network
by wires through a DAA or acoustically via a telephone hand-
set. The ADAC 1200 is compatible with the Bell System 202C
Data Set.

K.3.1.3 Teletype

Since the Tektronix display is primarily intended to be
a simulation data I/0 device, an inexpensive teletype was in-
cluded in the system to act as an operator's console and also
to provide a low speed paper tape punch/read capability.

K.3.1.4 Remex Magnetic Tape Cassette

The Remex RCPOB1l1/3 serves as the bulk storage device
of the DUI. By choosing a 3-deck device, one deck can be
permanently allocated for operating system and library stor-
age. The remaining two decks will, in general, serve the
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same function as the paper tape reader and punch do in other
systems. That is, one will normally be the input file to an
executing program and the other will be the output file.

K.3.1.5 H-P Cassette Unit

In order to allow data transfer between the DUI system
and the RADC HP9820A Calculator system, the following approach
will be used. An additional interface for the HP2100A must
be fabricated which is capable of driving a HP9865A cassette
memory unit. In addition, a new software 1/0 driver must be
written to properly format the data written to the cassette.
Once accomplished, this will allow the HP9820A Calculator to
read tapes generated by the DUI and vice versa.

K.3.1.6 Tektronix Display

The Tektronix 4014-1 graphics display is the primary de-
vice for information interchange between the computers and
the user. This display is available with an extended graphics
mode which allows 4096 x 3120 points to be plotted on the
display viewing area.

The Tektronix 4014 graphics display is based on a direct
view storage tube and requires no local mass storage for dis-
play refresh. 1In addition to the store mode, the Tektronix
display has a non-store display capability which is called
the write-thru mode. Data presented to the user via this
mode is not stored on the tube face and appears only as long
as the computer commands it to be displayed. Data presented
in this mode must be refreshed approximately thirty times per
second,

A capability is provided by Tektronix for scanning the
storage tube surface and outputting a video signal which is
proportional to intensity. This output video can then be
processed and printed by the Versatec printer/plotter. The
time required to scan the display face is ten seconds,

K.3.1.7 Hard Copy Device

The Versatec 1600A printer/plotter unit will provide for
the generation of paper copies of data presented on the Tek-
tronix display. The Versatec printer/plotter is capable of
plotting 1600 points across ten inches at the rate of 120
scans/second. In addition to its capabilities as a plotter, 1
the 1600A is useful as a high speed line printer capable of .
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300 lines/minute. The type font is a 16 x 16 dot matrix.
The 96 ASCIT character set is standard.

The alternative to specifying the 1600A would be to use
the 1600 plotter unit and then perform the ASCII character to
dot matrix conversion in the DUI minicomputer. This approach
would be more expensive and would increase the processing load
on the DUI minicomputer.

The additional one line buffer option is suggested so
that a new line of data can be transmitted to the printer/
plotter while the previous line is being plotted or printed.

K.3.1.8 Hard Copy Interface Unit

The hard copy interface unit converts the video, pro-
duced by scanning the graphics display storage surface, into
a digital form suitable for input to the Versatec printer/
plotter. The operation of this unit is described in the
following paragraphs.

The video from the Tektronix display is passed through a
threshold device which outputs a binary "1" if the video ex-
ceeds the threshold and a binary "@" otherwise. The threshold
setting is adjustable so that compensation can be made if
video noise level varies. Since the resolution of the Tek-
tronix display is 4096 points and that of the Versatec printer/
plotter is 1600 points, a reduction in the resolution of the
Tektronix output will be required. Therefore, the output of
the threshold must be stretched and then sampled at a rate
which corresponds to 4096/3 = 1365 samples per scan line,
which is within the capabilities of the Versatec printer/
plotter. The sampler output is accumulated in a 16-bit serial
in/parallel out shift register. When the shift register is
filled, the output word is passed to the minicomputer through
a Direct Memory Access (DMA) I/0 channel.

In the minicomputer, the incoming data words from the
hard copy interface are stored in a buffer area which is 1600
bits in length. After a scan line is loaded into the buffer,
the hard copy interface is inhibited for the next two scan
lines. This must be done to maintain the geometric fidelity
of the Tektronix display in producing the hard copy, i.e.
both dimensions are reduced by a factor of three. During the
dead time, the Versatec unit will request a new scan line
and the buffer will be transmitted to the Versatec at the
maximum rate of the DMA channel.
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The following is a brief analysis of the data rates an-
ticipated in performing the data transfer from the tektronix
graphics display to the Versatec hard copy device. The time
required to scan the display face containing 3120 lines is
10 seconds. Therefore, 312 lines per second are transmitted
to the hard copy interface. The number of samples taken of
one scan line is 1365, therefore the 16-bit word rate out of
the hard copy interface is given by the following calculation.

data rate= (1365 samples/line) (312 lines/sec)/(16 samples/word)
= 26618 words/sec.

This data rate is easily handled by the minicomputer DMA chan-
nel which is capable of over 1 million words/second. Since
every third scan line from the display is passed to the hard
copy device, the scan line transmission rate out of the hard
copy interface will be 104 scans/second. The Versatec plotter
is capable of accepting up to 120 scans/second.

In producing a hard copy of the Tektronix graphics dis-
play, the DUI minicomputer is used simply for buffer stoiage.

K.3.1.9 Paper Tape Reader

Since Hewlett-Packard software is provided on paper tape
a high speed paper tape reader is highly desirable. So an
interface should be purchased so that the HP2748B paper tape
reader currently in place at RADC (OCSA) can be used with the
system. :

K.3.2 System Design #2

The block diagram of the Design #2 system is shown in
Figure K.3-3. The features and parameters of the subsystems
which make up this design are discussed in the following
paragraphs. The description of those subsystems which are
common to both system designs will not be repeated.

Since the DEC CAPS-11 operating system is resident on
the DEC cassette unit, a high speed paper tape reader is not
needed in this system.

K.3.2.1 Digital Equipment Corporation PDP-11/05 Minicomputer

The PDP-11/05 minicomputer is a general purpose machine
which is widely used in scientific applications. A summary
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of the DEC PDP-11/05 parameters is presented in paragraph
K.3.3 which compares the DEC and HP minicomputers.

The memory requirements for the PDP-11/05 are determined
by the combined size (15K) of the CAPS-11 operating system
(4K) the DUI executive program (4K), and the Simulation Job
Setup program (7K). The estimated memory requirements for
the DEC minicomputer are larger because no microcode capabil-
ity is available. The memory size chosen for this minicom-
puter is 16K.

Nine Input/Output (I/0) channel slots are required to
connect the peripheral devices and special processing modules
to the PDP-11/05. Four of the interfaces require a small
peripheral controller (SPC) slot. The remaining five inter-
faces require system unit (SU) slots. Since the PDP-11/95
has only three SU slots available, two 1/0 extenders are
required to interface all the peripherals and special modules
to the PDP-11/05. The peripheral mounting box plugs into one
SU in the computer mainframe and provides four SPC's. The
extension mounting box plugs into the PDP unibus and provides
an additional six SU's. The required I/0 interface cards and
other processor modules are given by the following list:

1. DCl1-AB Serial asynchronous system unit
and clock

2. DCl1-DA Full duplex serial asynchronous line
unit with modem control (piugs into
DC11-AB).

3. ¥DLET-C Current loop interface to operator's
console.

4. DD11-B Peripheral mounting box (holds 4
SPC's).

e 8-bit parallel interface to TAll-AA
DEC cassette (provided with TA1ll-AA
unit).

6. DR11-C General purpose interface to HP 9865A
cassette unit.

BM 792-H Bootstrap loader.
L11-A Asynchronous interface to Tektronix

4014-1 graphics display.
K-14
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9. BAll-EF Extension mounting box (holds 6 SU's)
10. H720-E Power supply for BAll-EF

11. DR11-B DMA general purpose interface to the
hard copy interface unit

12. C-PDP-11/DMA Controller and interface to the
Versatec 1600A printer/plotter
(this item available from Versatec).

K.3.2.2 TAll DEC Cassette Tape System

The TAll DEC cassette tape system will serve as the
bulk storage device of the DUI.

K.3.3 Comparison of Designs

The important difference between the systems are the
minicomputer characteristics, therefore the remainder of this
paragraph will consider only the minicomputers. In Table
K.3-1, some parameters and capabilities of the two minicom-
puters are listed. The outstanding differences between the
devices are the following:

1. The floating point arithmetic operations of the DEC
PDP 11/05 are performed by subroutines and therefore
are extremely slow compared to the HP2100A which
performs these operations with a combination of
hardware and microprogramming.

2. The microprogram in the DEC PDP 11/05 is not access-
ible to the user. The HP2100A is user microprogram-
mable. The advantages of microprogramming are:
increased speed, reduction of memory space required
for the program, and flexibility to adapt the in-
struction set to a particular application.

3. The DEC PDP 11/05, as configured, can be programmed
only in assembly language, whereas the HP2100A can
be programmed in FORTRAN II and ALGOL as well as
assembly language. The ability to use FORTRAN will
significantly reduce the programming task and en-
hance stand-alone capability.

Hewlett-Packard maintains a large library of HP con-
tributed and user contributed programs and micro-

0~
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Table K.3-1 HP2100A/DEC PDP-11/05 COMPARISON

HP2100A

Maximum Memory (16 bits/wrd) 32K
Memory Cycle Time (ms) 0.980
Fixed Point Arithmetic (ms)

Add

Multiply

Divide
Floating Point Arithmetic (ms)

Add

Multiply

Divide
No I/0 Channels 14

User Microprogrammable. Yes

Programming Languages FORTRAN
ALGOL
Assembly Language

DEC PDP-11/05

28K

0.900

3
No

Assembly Language




programs for the 2100 series minicomputers. These
programs are available to the user for a small
handling charge.

5. The HP2100A is more expensive than the DEC PDP 11/05.
The cost of the system configured around the HP
minicomputer is approximately 10% higher than the
system configured around the DEC minicomputer.




K.4 DEDICATED USER INTERFACE SOFTWARE

The new software to be developed and the modification to
be performed on the existing RADSIM computer program are des-
cribed in this subsection. Before proceeding with the soft-
ware description, it is felt that the philosophy which guided
the allocation of tasks between the DUI minicomputer and the
host computer should be discussed.

K.4.1 Allocation of Processing Tasks

The data processing task of the Interactive Radar Simula-
tor is performed by the DUI minicomputer and the H635 host
computer. The pertinent factors to consider are:

1. More storage is available in the H635. However, it
should be recognized that although the H635 memory
is quite large, 256K, the percentage of this avail-
able to a particular user during normal working
hours is usually less than 25%.

2. The Central Processing Unit (CPU) of the H635 is
faster. Although the H635 CPU is an order of
magnitude faster than that of the DUI minicomputer,
the H635 CPU is time shared by a number of users.
Therefore the difference in speed between the dedi-
cated minicomputer and the time shared H635 will
probably be less than a factor of three.

3. The data transferred over the phone line should be
minimized. Minimizing connect time chould be under- {
stood to mean not only the problem of obtaining a
channel into the time sharing system, but also the
latency of the host computer in servicing the TSS
user's requests. Experience has shown that the best ‘
approach is to move the desired data out of the 3
machine in the quickest possible manner. If binary '

data (the most compact form) is transmitted to the E
DUI this will, of course, increase the load on the il
DUI minicomputer.

4, The DUI minicomputer is dedicated to the performance
of one function, whereas the H635 is time shared by
a number of users.




5. Since the RADC host computer is already installed,
its resources can be considered to have a very low
marginal cost and therefore, in configuring a sys-
tem, it would be prudent to maximize the use of
these resources.

In view of the above factors, especially 1, 2, and 5,
the portion of the RADSIM computer program which performs
the simulation, i.e., the simulation activity, should be
executed by the host computer. The functicn served by the
Simulation Data Loader will be moved to the DUl system. By
moving the data initialization function to the DUI, all pro-
cessing of user input data will be done by the minicomputer
off-line and the data in a compact form, will then be passed
to the host computer over the phone line. This will minimize
the amount of data passed over the phone line during job
submission.

In the case of the plot programs, the trade offs are not
as clear-cut. If minimizing connect time is important, it
would be preferable to have the plotter programs executed by
the DUI minicomputer with data from the host computer trans-
mitted in binary form. The binary data would then be recorded
on magnetic tape cassette and processed for plotting by the
DUI minicomputer at a later time. The disadvantage of this
approach is that the Tektronix plotter software packages
(Terminal Control System (TCS), Advanced Graphics-II (AG-II)
and Cal Comp Preview) require more core space than is avail-
able in the DUI minicomputer. Therefore, a plotter program
executed by the DUI minicomputer could not have all the fea-
tures provided in the Tektronix software package. An addition-
al advantage of this approach is that since job output data
are stored on tape cassette, the data can be reused a number
of times in any manner desired by user.

On the other extreme, the simulation output data would
be processed by plot programs in the H635. The data trans-
mitted to the DUI would then be in the form of commands to
the Tektronix display. The disadvantage of this is that
connect time to the host computer will be longer and the data
received will be usable by the Tektronix display only. Rather
than compromise between these two approaches, the system
should be configured such that either technique can be used.
If the user wants only a basic plot capability, the plot pro-
gram in the DUI minicomputer will suffice. For more compli-
cated work, the user will have the full Tektronix software
package in the H635 available to him.
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In addition to the above, a mode of operation should be
included whereby the user can have tabular data transmitted
to the DUI under format control and printed by the hard copy
device. This will be useful for retrieving tabular output
data or program listings. If the user desires only to view
the data and requires no hard copy, then the data can be dis-
played on the Tektronix display. The remainder of the sub-
section contains a description of the new software to be
developed or purchased and the modification to be performed
on the existing radar system simulation model.

K.4.2 Communications Buffer Executive

The communications Buffer Executive program (EXEC) exe-
cuted by the DUI minicomputer serves as a ''data traffic cop.'
The EXEC supervises all input/output operations, provides
linkage to job set up routines and plot programs, determines
which tasks have the highest priority, handles user requests/
answers and system answers/requests.

K.4.3 Radar System Simulation Model

The modifications to be performed on the Radar System
Simulation Model (RADSIM) are the following:

1. Develop a new Simulation Data Loader computer
program which will accept the job definition file
from the DUI system and load the data into a
permfile.

2. Modify the existing Simulation Data Loader computer
program to write its output data into a permfile
instead of to system allocated public disc space.
This will be done so that RADSIM can still be avail-
able to non-DUI users.

3. Develop a new Data Retrieval computer program which
reads simulation output data from permfile, pro-
cesses it according to mode selected by the user and
then transmits the data to the DUI system. The
Terminal Control System and Advanced Graphics-II
plot programs available from Tektronix should be
included in this computer program,

The portion of RADSIM which performs the simulation is
unchanged. Therefore, it is not degraded in any way by the
addition of the DUI system.

K-20




e

K.4.4 Plot Programs

The programs for converting the simulation output data
to a form compatible with the graphics display are available
from Tektronix. Some modification of the Tektronix software
to be installed on the H635 will be required since it is
written for computers having 8-bit bytes and the RADC com-
puter utilizes 9-bit bytes when operating in TSS mode.

The plot program for installation in tne DUI minicom-
puter is also available from Tektronix. This program should
require no modification.

The program for generating a hard copy of the Tektronix
display will have to be developed. This program will issue
commands to the graphics display to start the read scan of
the storage surface, accept output data from the hard copy
interface and store it in a buffer area, and output the data
to the Versatec printer/plotter at the appropriate time.

Since the Versatec printer/plotter is essentially slaved
to the Tektronix graphics display for plot hard copy generation
there will be no plotter software required for the Versatec
printer/plotter.

K.4.5 Simulation Job Setup
Program

The computer program for the minicomputer which assists
the user in the setting up of a simulation job is, for the
most part, composed of four subprograms. These are briefly
described in the following paragraphs.

K.4.5.1 Job Setup Controller

This subprogram serves as the supervisor of all opera-
tions performed during the job setup procedure. The Job
Setup Controller asks questions of the user, accepts and
processes the user answers, and passes commands to the appro-
priate subprograms.

K.4.5.2 Block Diagram Generator

This subprogram processes the information provided by
the user and outputs the necessary commands to cause a block
diagram to be formed on the graphics display. The user pro-
vides the tabular data for identification of modules through %
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the graphics display keyboard and the positional data for the
location of blocks through the graphics display cursors.

K.4.5.3 Job Definition File Generator

The input data to this subprogram is basically the same
as that provided the Block Diagram Generator, but the output
is in a form that is compatible with the simulation program
executed by the host computer. The structure of this data
will be the same as the output data from the current Data
Initialization activity. The Job Definition File which is
the output from this subprogram is written onto a magnetic
tape cassette., The tape cassette will then be the user's
record of the input data for the simulation to be performed.
A pictorial representation of the recommended data structure
on the tape is shown in Figure K.4-1. The simulation job
represented in this figure is composed of two configurations.
The first configuration is to be executed twice for two sets
of input data. The second configuration is to be executed
only once.

K.4.5.4 RADSIM Catalog and Data Retrieval

As part of the Job Setup Program development effort, all
data associated with the RADSIM computer program pertinent to
the process of job definition should be cataloged and stored
on a tape cassette. During the process of job setup, the
user may at any time request that data from this file be pre-
sented either on the graphics display in the scratch pad area,
or printed on the operator's console.
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K.5 [INTERACTIVE RADAR SIMULATOR OPERATION

The operation of the Interactive Radar Simulator will be
described from the users viewpoint in the following paragraphs.
Four outstanding features of the system are the following:

1. No punch card handling required.

2. No voluminous quantity of reference material
required to set up a simulation job.

3. No trips to host computer to retrieve data from
simulation runs.

4, Permanent records of input job definition data and
simulation output data are stored in magnetic tape
cassettes which are compact and easy to handle.

The operation of the system will be described in terms
of the phases through which a simulation job passes. The
phases of operation of the interactive radar simulation are
shown in Figure K.5-1.

K.5.1 Phase I-Simulation Job Setup

This phase is done off-line, i.e. the DUI system is not
connected to the host computer, The intent in this phase is
to have all information stored locally that the user must
know in order to set up a simulation job. The storage media
for the data will be the RADSIM catalog cassette tape. The
user can, at any time, call up various lists of information
which includes the following:

1. Modules available.

2. Input parameters for each module.

3. Data storage arrays used by each module.

4, The core required.

5. Input parameter units,

6. The default values of parameters.

During the job setup, the display area of the Tektronix
graphics display is divided into two areas, a scratch pad
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area for the system questions and user answers, and an area
for display of the block diagram. The block diagram is
written in write store mode. System questions and user an-
swers are written in write-through mode. The proposed display
layout is shown in Figure K.5-2. 1In the figure a partially
completed block diagram is shown. The module names and ref-
erence numbers are placed inside the blocks and the input/
output data storage arrays are shown over the lines drawn to
connect the modules. On the right side of the figure the
system has asked the user to provide a value for the parameter,
LSB, which is associated with the ATOD module. The user's
answer, 0.0020, is shown belocw the system question. The a-
mount of data which can be simultaneously displayed in the
scratch pad area is limited to approximately 32 characters.
This restriction is due to the need for refreshing the dis-
played information at a rate of 30 times per second. The
maximum data rate into the graphics display is 960 characters/
second. Therefore, only 32 characters can be refreshed at

the rate of 30 times per second.

As the simulation job is defined, the information re-
quired by RADSIM for performing the simulation is written on
a magnetic tape cassette. When the user has completed the
Simulation Job Setup procedure, the complete description of
the job will be on a tape cassette and can be reused or medi-
fied at a later time. The tape created during a job setup
phase can be replayed into the system and stopped at any
point. The block diagram will be re-created on the display
up to the point at which the procedure is stopped. The user
may increment this process one block at a time by granting
permissions of: proceed, proceed with write through, skip,
substitute or insert steps. This will allow an existing job
tape to be used in creating a new job tape.

K.5.2 Phase II-Job Submission

In this phase, the user connects to the host computer
via a telephone line and has the Simulation Data Initializa-
tion program loaded into the H635. The data on the cassette
will then be transmitted to the H635 and then written on a
permfile in preparation for execution of the simulation. A
simulation job is run as a normal batch job. This is necess-
ary because of its large memory requirements, 60K to 75K.
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K.5.3 Phase II1I-Simulation Execution

The simulation activity is performed in the same manner
as now, except the output data will be written to permfile
in binary form. The current technique is to output the data
under format control for subsequent card punch or transmission
to a remote terminal, typically a teletype. This will improve
the efficiency of the permfile utilization by at least a fac-
tor of 2, i.e. twice as much data can be stored per link of
disc file space.

K.5.4 Phase IV-Retrieval of Results

In order to retrieve the output data generated by the
simulation activity, the user connects to the H635 via a time
sharing channel and has the data retrieval program loaded.
This program can then be commanded to enter one of four sub-
modes which perform the following operations:

1. Transmit binary data to DUI.
2, Transmit output data to DUI under format control.

3. Process output data through the Tektronix software
and then transmit the data to the DUI.

4. Transmit output data to DUI under format control
for listing as tabular data.

The Dedicated User Interface, depending on the submode
selected, passes the incoming data to the appropriate peri-
pheral device or devices.

1. Convert from binary to formatted data and then
store on magnetic tape cassette.

2. Store on magnetic tape cassette.
3. Pass data to the Tektronix display for plotting.

4, Pass the data to the Tektronix display or the
Versatec printer/plotter for listing.

Submodes one and two are provided so that data is passed
over the communication channel one time and can be processed
and displayed in any number of ways by the DUI system off-
line from the host computer. The disadvantage associated
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with this is that the DUI plot programs will not have as much
capability as the H635 plot programs.

K.5.5 Phase V-Autonomous Operation

In addition to serving as the user's interface of the
Interactive Radar Simulator, the DUI system can be operated
as a stand-alone minicomputer system. RADC personnel who are
familiar with FORTRAN can easily make the transition to the
computer system configured about the 2100A, i.e. the Design
#1 system. The transition to the DEC 11/05 offered in Design
#2 will not be as simple since the DEC system will not support
a FORTRAN compiler and must therefore be programmed in
assembly language. The following two items available from
Hewlett-Packard would significantly enhance the stand-alone
capabilities of the Design #1 system:

HP12907A - Fast FORTRAN Processor (Scientific
Instruction Set). This, board plugs into
an I/0 slot and provides 13 microcoded
subroutines which greatly enhance the
through-put efficiency of FORTRAN and other
high level languages.

HP12892A - Memory Protect Fence. This board plugs
into the memory section and aids the opera-
ting system in running multiple programs.

The addition of a 7 or 9 track magnetic tape transport
or a disc subsystem should be considered if the number of
autonomous progressing jobs are sufficient to justify the
cost.
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APPENDIZX M
HEWLETT PACKARD 9820A
CONPUTER ‘PROGRAM "FPOR PLOTTING

FILTER TRANSFER FURCTIONS

M.1 INTRODUCTION

The S-domain transfer function for a general filter can |
be represented by the ratio of two polynomials as shown in 1
the following expression

4 (S-Zl)(smzz)(S-Z3) & eiiim (S-ZNZ)

H(S)
(S‘Pl)(s‘Pz)(S-P3) e T (S-PN

*+ SF

p)
where :

ith

Z; represents the complex zero,

P; represents the ith complex pole and

SF is a scale factor.
The frequency units used in the expression above can be any
frequency; i.e., KHz, MHz, GHz etc. as long as all inputs

are consistent in the same units.

M.2 PROGRAM OPERATION

The filter program plots the baseband filter impulse
response based on normalized pole-zero locations. The pro-
gram can be used to plot magnitude in either voltage vs.
frequency or power in dB vs. frequency. The theory of oper-
ation is shown on page 4-61 of the RADSIM report Vol. II,
Part 1. The following are the user supplied inputs required
by the program:

1, BYPASS - Flag set to zero or one; a value of
one indicates that the user desires
to key in the plot parameters such as
frequency range and magnitude of im-
pulse response for plotting; a value

of zero indicates that the previous set
of plot parameters are to be used for

the next plot.
M-1
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10.

11.
12.
13.

14,

FSTART

FSTOP

LOG PLOT

TOP

BOTTOM

INPUT

NO, POLES
NO. ZEROES

SCALE

POLE-R
I
ZERO-R

I

Starting frequency for plot (frequency
Hz, KHz, MHz, etc.)

Ending frequency for plot (frequency
Hz, KHz, MHz, etc.)

Flag set to zero or one; zero indicates
the magnitude of the impulse response
will be plotted in units of voltage vs.
frequency; one indicates a plot of d%
power vs. frequency.

Maximum magnitude to be plotted
(volts or dB).

Minimum magnitude to be plotted
(volts or dB).

Flag set to zero or one; zero indicates
use same pole zero locations as for
previous plot; one indicates that new
pole zero locations are to be entered.
Number of poles to be entered.

Number of zeroes to be entered.

Scale factor: used to normalize
magnitude of impulse response to unity.

Real part of complex pole.
Imaginary part of complex pole.
Real part of complex zero.

Imaginary part of complex zero.

Once all the required input data has been supplied by
the user, the filter impulse response is plotted; however,
no axes will be drawn or labeled. All inputs are listed on
the HP9820 calculator printer so that the user may label the

plot if desired.

Tables of normalized pole-zero locations

for Chebyshev filters are listed in Volume IV, Part 1,
Appendix E.
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M.3 SAMPLE PROBLEM

The following sample problem will be a plot of the im-
pulse response of a six pole Chebyshev filter with 0.1 dB
ripple. The HP9820 calculator printer listing which shows
user supplied inputs is shown in Figure M.3-1.

The output impulse response plotted in volts vs. fre-
quency is shown in Figure M.3-2 and in dB vs. frequency is
shown in Figure M.3-3. The axes and labels have been done
by the user based on the input listing shown in Figure M.3-1.

M.4 HOW TO USE THE FILTER PROGRAM RESULTS
WITH RADSIM

The primary purpose of running the filter program is to
generate accurate input data for RADSIM and in particular
for Module FILT in RADSIM. This subroutine simulates a con-
tinuous filter which is defined by an S-domain polynomial
transfer function.

When executing FILT, the user must use the impulse res- ]
ponse in terms of voltage vs. frequency. The amplitude must ’
be normalized to unity gain and the pole-zero locations must
be modified to reflect the desired bandwidth of the filter
to be used in the simulation job.

i

Suppose the input job stream, for this example, has been
set up to reflect consistent frequency inputs in gigahertz
(GHz) and time inputs in nonoseconds (ns). The frequency
scale in Figures M.3-2 and M.3-3 is now constrained to units
in GHz. Suppose that the desired six-pole Chebyshev filter
with 0.1 dB ripple has a 3 dB bandwidth of 50 MHz and unity
gain at the peak of the impulse response. The following
procedure would be used to modify the pole-zero locations to
reflect the desired 50 MHz 3 dB bandwidth and to calculate a
scale factor (SF) to normalize the peak of the impulse response
to unity. In Figure M.4-1 the 3 dB bandwidth extends from
-1 GHz to +1 GHz. If a lowpass filter is to be simulated, 4
the 3 dB bandwidth would extend from DC (0 frequency) to 1
GHz; however, for a bandpass filter, the bandwidth will be
measured symmetrically about zero. To modify the pole lo-
cations, the following procedure is used.
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Figure M.3-2 6-POLE CHEBYSHEV FILTER, 0.1 dB RIPPLE
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Figure M.3-3 6-POLE CHEBYSHEV FILTER, 0.1 dB RIPPLE

M-7




C R il A

T

hesdhe

(2 x 10° Hz)g = 50 x 10° Mz

]

B =50 x 10672 x 10°

B

]

.0250

Each normalized pole location is multiplied by B to deter-
mine the new pole locations which define the 50 MHz filter.

The scale factor, SF, is defined according to the
following expression.

SF = (1/A)(®)"

where
A = the amplitude of the impulse response
B = pole multiplication factor
n = number of poles

The scale factor for this example would be:

SF = (1/8.3)(.0250)6

SF = 2.9415 x 10" 1!

If the filter transfer function contained zeroes, then the
scale factor would contain another factor as follows:

(1/8)(B)" /"

SF

where

m number of zeroes

These results are now used by RADSIM module FILT.

An HP9820 calculator listing of the filter program is _
shown in Figure M.4-2. i
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: s To 23 0P (Rdd=@2+1 [
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Pigure M.4-2 HP9820 LISTING OF FILTER PROGRAM




MISSION
of
Rome Avr Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(¢3) activities, and in the ¢? areas of informatior. sciences
and intelligence. The principal technical mission areas

are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence

data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave %
physics and electronic reliability, maintainability and
compatibility. $
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