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This combined Final Report/Instruction Manual describes the METRRA Signature System
designed and developed for the U.S. Army Mobility Equipment Research and Development
Command (MERADCOM), Ft. Belvoir, Virginia by Cubic Defense Systems Division. San
Diego, California.

g3

Data ccllection and reduction was performed at Cubic Defense Systems in San Diego, Cal-
ifornia.

’

The technical direction and consultation of MERADCOM's contracting officer's represent-
atives, Mr. Bruce Gabriel and Mr. Pete McConnell in solution to technical problems was

greatly appreciated.
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1. INTRODUCTION. *

1.1 General,

This Final Technical Report and Instruction Manual descrives the METRRA
Signature Test Configuration and Data (hereafter designated METRRA), depicts its perform-

ance, and provides operating insight into the test setup.

1.2 Definition oif METRRA.

.|
The acronym METRRA represents ¥Metal Re-Radiating Radar®. The METRRA

signature tests result from a third harmonic system, since the receive frequency is

three times that of the transmit frequency.

Of particular significance is METRRA's inherent abili?:y to penetrate foliage. Convention-

al radar systems provide returns from undesired targets such as trees, water, dense foliage,
etc., while the METRRA system does not. The METRRA process is responsive only to man
made non linear junctions. Non linear junctions, when radiated by high power RF energy, con-

vert the energy to harmonic frequencies and re-radiate.
~

o ———

1.3 Purpose of the METRRA Signature.

The METRRA Sigrature program determines non linear/third harmonic back-
scattered radar cross section characteristics of various classes of small targets.

1.4 System Configuration.

ds

1.4.1 See Figure 1.4.2.

1.5 Condensed System Parameters.
1.5.1 Transmitter.

Mainframe: Applied Microwave Laboratory, Model PH20K
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1.5.1  (Cont'd.) a
%

Plug-Ins: .-
Manufacturer: Applied Microwave Laboratory, Inc. ;§
Model Number: 1703HB 1704H " 1709H & ;%fg
Frequencies: 700 - 950 MHz 950 - 1220 MHz 2700 -3100 MHz E
Operating Frequency: 737 MHz 915 MHz 3.0 GHz
Output Power: 15 KW 15 KW 10 KW 5
Pulse Width: 1. 0 microsecond %
Pulse Repetifion Frequency: 1.0 KHz é

1.5.2 Receiver,

Type: Coherent - Triple conversion.
Receiving Frequencies: 2211 MHz 2745 MHz 9.0 GHz

Receiver Noise Figure: 3.0dB max 3.0dB max 3.5 dB max

1.5.3 Target Tests.

Antenna Height Above Ground: 6 Feet.

Antenna Angle: Parallel to earth's surface.

Antema Polarization: Horizcral (targeis are tested in three axes).

2
Transmitter Power Densgity at Target: 128 W/Mz, 64 W/Mz, 6.4 W/M ",
0.64 W/M2, .064 W/M2, .0064 W/ M2,

Target Types: Target Class A - Air Scatterable Anti-Tank Mine.
Target Class B - Artillery Delivered Anti~Personnel Mine.
Target Class C - Anti-Personnel Mine.

(Target Classes A and B encompass one group each with 4 samples per group.
Target Class C consists of two groups with 4 samples per group. All targets
are in the de-activated state.)

Nominal Spacing Between Antennas and Target: 14.5 feet, 4.42 meters.
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A

2. DESCRIP TION.

2.1 Transmitter.

The Applied Microwave Laboratories Pulse Signal Source Model PH20K
features interchangeable frequency plug-~ins capable of pulsed emission in the 150 MHz to
6,000 MHz spectrum. The transmitter model owned by Cubic is no longer in production
but plug ins for the current models are compatible by an interface cable provided by Ap-
plied Microwave. Test equipment at the transmit output is capable of a maximum power
of 15 KW. The receiver coherent local oscillator is developed by sampling the transmitter
output, multiplying the signal by three and amplifying to a nominal +7 dBm. The output
power is monitored with a HP 432 wattmeter with appropriate power pads to adjust the pow-
er level. The computer controlled data taking equipment determines transmitter anomalies
and provides a warning to the operator while stopping the data taking process.

The transmit power is calculated to provide 128 W/M2 at the desired operating frequency.
Lower power levels are adjusted by inserting pads in the transmit path to the antenna. Ex-
treme care is necessary in this path to prevent leakage signals'from developing high back~

ground noise levels.

2.2 Transmit and Receive Filters.

The coaxial line transmit and receive filters are produced for Cubic Defense
by Addington Laboratories. Techebychev designs are used for both filters to provide the
steepest skirts for given numbers of reactive components. The METRRA Signature test
configuration requires the filters to exhibit at least 184 dB of harmonic conversion loss at
the third harmonic of the input signal, which dictates the following guidelines for construc-
tion and fabrication of the filters:

1. Minimize the number of metal to metal junctions in regions of
high current density.

2. Reduce curre=: densities wherever possible by avoiding reso-
nance effects. .ncreasing operating impedance leveis and in-
creasing the overall size of the devices.

3. Materials and surface treatment techniques must be non-oxidizing,
exhibit smooth surfaces, and be free from microscopic eracks.
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2.2 (Cont'd.) s

It is particularly important to follow these guidelines in the transmit signal path since high
power levels at f0 can produce non linear harmonic generation. The output section of the P
transmit filter and the input portion of the receiver filter represent the most disastrous lo- A
cations for harmonic conversion.

The following is a list of low harmonic conversion Addington filters purchased for the signa- =

ture program: L
103800461 Low Pass Filter 737 MHz z
103800462 Low Pass Filter 1000 MHz i
103800463 Low Pass Filter 1400 MHz $
103800464 Low Pass Filter 2211 MHz [
103800465 Low Pass Filter 2600 MHz .
103800466 Low Pass Filter 3000 MHz
103800467 Band Pass Filter 2211 MHz ; W
103800468 Band Pass Filter 3000 MHz

The construction features of the low pass and high pass filters are shown on figures 2.2.1
and 2.2.2 respectively. The electrical and mechanical design permits practical fabrication f
and agsembly while it greatly reduces the probability of significant amounts of third harmon- :
ic energy reaching the transmit output. At the RF input, a standard type SMA connector is 3
solGered to the tubular filter housing. The center contact of the connector is also soldered
to the silver plated center element of the filter. Soldering is necessary at this iocationto
eliminate RF leakage rather than attempting to obtain maximum linearity in the junctions.
The harmonic epergy at this junction is well below the third harmonic output of the transmit-
ter, and is attenuated by the filter. The center elemert is machined from a solid brass bar

and silver plated.
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Harmonic gereration is increasingly more critical closer to the output as a result of fewer
attenuation sections remaining in the filter. The output of the filter is most critical where
non linearities are eliminated to the maximum degree practical.

Coupling of the output coax center conductor to the center element of the filter is shown in
Figure 2.2.1. A Teflon insulated gquarter wave capacitive coupling section effectively re~
places the solder connection normally found at the output of convertional filters and elimi-
nates metal to metal harmonic junc:ions. The coax shield connection is soldered to the
filter to prevent RF leakage.
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2.3 Receiver.

The METRRA Signature Receiver third IF and baseband circuits are identi-
cal in most respects to those used in the Cubic Man Portable METRRA program. The re-
ceiver boards are identical to previous Cubic designs with the exception of the sample and
integrate circuit. The design was originally a sample and hoid arrangement which was sus-
ceptible to short duration, high voltage noise spikes. Approximately 10 dB of additional
sensitivity is achieved by integrating the voltage noise spikes.

The first and second mixers are Hewlett Packard HMXR 5001 double balanced wide band
devices with a RF input range of 2.0 to 12,4 GHz.

The X3 local oscillator is generated by the same circuit at 2.2 GHz and 3.0 GHz.

At 2.2 GHz and 3.0 GHz, a step recovery diode circuit is followed
by a Micrclab F'(R high pass filter. The same hardware is used at these frequencies by ad-
justing the circuit components to the new frequency.

At 9.0 GHz a passive Hewlett Packard Spectrum Analyzer limiter generates the third har-
monic local osecillator signal. A high pass filter (WE 90 waveguide beyond cutoff), and TWT
amplifier follow the multiplier stages to provide the LO.

The Gamma F filters are electroformed waveguide structures which bandpass the mixer L. O.
output. The Gamma F model numbers are F11297, F90050, and F9051. See Figures 2.3.1
and 2.3.2.

The noise figure is set at 2.2 GHz and 3.0 GHz by a low noise preamplifier manufactured by
Miteq Corp. The noise figure of the receiver front end at 9.0 GHz is set by a low noise trav-
eling wave tube amplifier.
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Gamma-f offers complete capability in the design

and manufacture of waveguide filters through milli-

meter wave, using the electroformed fabrication

process for high accuracy, quality, and repeatable
performance.

Filter requirements are first reviewed by our

. microwave engineering department. The require-

: ments are then programmed into our computer

for quick but accurate design computation. Values

are computed for ripple bandwidth, selectivity

characteristics {taking into consideration the wave-
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guide dispersive effects), midband insertion loss,
VSWR, group delay, and all critical mechanical
dimensions for fabricating the actual filter.

Electroforming is Gamma-f's secret to fabricating
repeatabie filters to reproduce the computed elec-
trical performance. Typical performance charact-
eristics of filters designed and manufactured by
Gamma-f are depicted in the tables. Filters are
Chebyshev unless otherwise noted.

Brass cover flanges are standard. Choke flanges
can be supplied on special order.
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- Waveguide Bandpass Filters
TUNEABLE

TABLE

Center Freq. Insertion * 3dB Band- 40dB Band- Number of

Modei No. Tuning Range {GHz) Loss (d8) Width (MHz)  Width (MHz)}  Srctions Remarks
F-11209 7.75- 7.95 N 45 210 3 WR-112
F-7502 12.2 -12.7 1.0 110 350 4 WR-75
F-7504 9.7 -10.7 25 30° 7% 5 WR-75
F-7505 10.7 -11.7 16 50 110 s WR-75
F-7506 “12.2 -12,7 1.8 50 110 5 WR-75
F-7507 10.7 -11.7 13 ‘80 150 7 WR-75
F-7508 12.2 127 13 80" 150 7 * WR-75
F-7510 10.7 -11.7 25 20 100 3 WR-75 Butterworth
F-7512 12.7 -13.2 1.0 ‘115 330 4 WR-75
F-7513 10.5 -10.7 1.0 115 330 4 ‘NR-75
F-7514 10.7 -11.2 1.0 118 330 4 WR-75
F-7515 1.2 1.7 1.0 115 330 4 WR-75

Waveguide Bandstop Filters
FIXED TUNED

Canter Freq. 3dB Band-

50d8 Band- Number of

Model No. {GHz2) Width (MHz) Width (MHz) Sections Remarks

F-2849 36.78 600 200 6 WR-28
£-2850 38.09 €00 200 6 WR-28
F-2853 36.82 800 300 6 WR-28
F-2854 38.06 875 3s0 6 WR-28
F-2877 37.40 400 200 7 WR-28
F-2879 38.01 2500 600 5 WR-28
F-2880 36.86 2350 600 5 WR-28
£.2888 36.79 2400 600 5 WR-28
F-2889 38.09 2700 600 5 WR-28

ORDERING INFORMATION

For filter requirements not shown in Tables |, 11, or |1l
specify your requirements with symbols as foliows:

fg = center frequency

f4, f5 = signal band (minimum)
f3, f4 = 3 dB passband (minimum)
fs, fs = frequencies at 2y

3g = maximum midband loss (dB)
ay=ag +3dB

39 = minimum rejection (dB}
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2.4 Antennas.

2.4.1 Requirements.

There are eight (8) identifiable properties of an antenna system

suitable for application in the METRRA Signature Measurement Program: g
6 Linearity : ;

) Gain 3

@) Uniformity over Target |

@) Power N

©) Frequency .

(6) Collocation .

M Polarization .

®) Cost

2.4.11 Linearity. :

e

The antenna is free of metal-to-metal contacts or
other non linear elements that would introduce spuricus third harinonic radiation and there-
by obscure the third harmonic radiation from the target. This requirement is the most cri~
tical and is unique to this application. As discussed below, Cubic has a proven technique to
meet this requirement.

g

5 1
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W s e
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2.4.1.2 Gain.

To obtain the specifisd power densities with reasonable
transmitter outputs, the antenna provides 15 tc 20 dB gain above isotropic.

2
O O % g by

2,4.1.3 Uniformity over Target.

25

The nature of the third harmonic back scattering phe- g-;?

nomenon is not perfectly understood. As a result, it is essential that experimenta!l data be B

collected in as nearly as real-world environment as possible. In terms of the antenna require- 5

ment, this means that the electromagnetic fields over the target must be uniform as possible, :;g

5 to simulate the field distribution that would be associated with an antenna far field. Since the }i;

! ultimate application and earlier measurements are both far-field situations, this requirement
assumes critical importance. The classical trade-offs between antenna gain (related direct-
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2.4.1.3  (Cont'w.)

ly to linear dimensions of the antenna) and the distance to the far field in which the wiformity
of phase and amplitude are met must be addressed in the selection of the antenna size and type.
In the actual experimental program, probing of the amplitude variation across the space to be
occupied by the target confirms the validity of the selection.

2.4.1.4 Power.

Cubic used transmitting equipment and filters to deliver
up to 10 kilowatts of peak power to the antenna, The antema is capabie of handling this power
level safely without dielectric voltage breakdown or other loss of performance.

2.4.1.5 Frequency.

To minimize the miinber of antennas required, a2 com-
bination of antennas operating at both the fundamental and taird harmonic frequencies are used
for as many of the target test frequencies as feasible.

2.4.1.6 Colocation.

To simulate the ultimate application, the transmitting
amd receiving antennas are located in the same volume of space velative to the illuminated
target.

2.4.1.7 Polarization.

Although it is ultimately desireable to conduct some
investigation into the sensitivity of the hack scattering phencmenon to incident polarization,
for purposes of this program, only vertical linear polarization is used. This simplifies the
antenna requirement and perinits use of the proven Cubic technique.

2.4.1.8  Cost.

Since the objectivz of the program is to obtain and analyvze
data, hardware costs are to be kept to a mninimum. Consequently, the antenna design selected
is capabls of fabrication at minimum cost and with little or no special design effort.
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H
H

2.4.2  Physical Considerations.
The antenna is an array of dipoles fed in phase and positioned over
a simulated ground plane to obtain increased directivity and to isolate the equipment in
back of the antenna from the fundamental radiation.

For the man-packed METRRA the requirement was for an extremely light-weight antenna,
in a minimum voiume. For the back scatter signature measurements, these constraints
are not observed. The transmitting and receiving antennas are essentially colocated, but
the receiving antenna is screened from the transmitting antenna by a conducting or absorb-
ing sheet. This separation increases the isolation from the spuricus third harmonic
radiation which can result if the receiving antenna is illuminated with the full transmitted

LX0 e g (AT el L
b o 51 4 oY
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Al
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power or a major fraction thereof.
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2.5 Data Collection.

All testing is performed urder computer program control by a Hewlett Pac~
kard 9825 calculator. Target rotation, receiver calibration and receiver output are software
controlled to facilitate testing, analyzer system performance and format data for easy retriev-
al and manipulation. '

2.5.1 Calculator Program.

A program for the HP9825 computer is described which performs
orderly (or even random) acquisition and storage of ME TRRA harmonic radar cross section
data. Storage medium is magnetic tape to facilitate data recall in a random fashion and facili~-
tate financial economy.

2.5.2 Required Data.

The test parameters recorded are classified as follows:

1. Specified constant quantities:
a. TFrequency
b. Target power density.

2. Measured variabie quantities:
a. Receiver voltage.
b. Receiver input attenuation value.

3. Target Identifiers:
a. Target Type.
b. Target No.

4, Measurement dentifiers:
a. Plane of rotation.
b. Azimuth position.
c. With or without ground plane

Miscellaneous Test Information:

a. Dataand Time.

b. Test personnel.

c. Climatic conditions in chamber.
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2.5.2 (Cont'd.)
Each of these parameters take a finite number of values. These are listed below:

6 Frequencies

4 Target Types (Code)

4 Target Numbers

3 Plane of Cut

6 Power Densities

8 Aximuth Positions

2 Data Values/Azimuth (position with or without ground plane
constitutes two more conditionsj.

From this, it is evident that the total data storage requirement is as high as 55,296.

2,5.3 Data Storage Format.

The following data format is established with the avajlable tape
storage capacity and I/0 efficiency taken into consideration.

Each tape consists of two tracks and is subdivided into numerous data files. The files are

of varying length and accessed individualiy or at random. All data in any particular file must
be read. However, data that is not needed may be disregarded. Though the storage capac.--
ties of each tape are extensive, the data storage requirements of the METRRA project maxo
the use of multiple tapes a logical approach.

Six tapes are used, one for each frequency. Track 0 of each tape will store only data taken i
without ground plane while Track 1 will store data with ground plane. |

Since there are four target types and four samples of each target, 33 files are marked on :ﬂ
each tape as {llustrated in Figure 2.5-9. The first file (file #0) is an index, and files 1 |
to 16 are primary storage for the 16 targets. Hence, each target has its own file, Files

17 to 32 are back-up files, When data in the primary files is repeated for any reason, the
program automatically stores the new data in a back-up file and updates the index in kile #0
to correlate primary files and the appropriate back-up files. Note that a limited number of
back-up files are accessable, All 16 back-up fiies may be used for any or all of the primary
files.
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2.5.3 (Cont'd.)

Each file is organized into blocks, heading blocks, index blocks, or data blocks (See Fig-
ure 2,5-10.

Heading blocks contain th; ee 80 character lines, The first line is computer prompted com-
ments, the second line miscellaneous comments prior o the data run and the third line mis-
cellaneous comments following the data run and just prior to storage. Computer prompted
comments include:

Target Type: Hand grenade, etc, :
Target Code: A,B,C,D (to correspond with the target types) :
Target #: 1, 2, 3, 4

Date and Time:
Test Personnel:
Ground Plane: With or Without .

The index block serves to identify which cuts and power levels are measured during the

test under the curvent heading. This block consists of an array of '"Y's" and 'N's",

For example, if all cuts at a power level of 128 watts/sq. meter were taken, then the index
block would look like:

Y NNNNN
YNNNNN
YNNNNN

The data block of each file represents the data culminating from all the run data stored in
that file. Any attempt to write over existing data in a file will automatically result in stor-
age of repeat data in a back-up file and an update of the index file.

No more than five pairs of Heading/Index blocks are stored in a file at one time. Any
entries above five over write the first entry, displays a warning on the printer and forces
the program to stop and present ERROR MESSAGE on the computer,

.
Xy b
SV~ e s o
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3 f ‘
‘ 2.5.4 Program Use,
q Step 1. Turn on 9825: Insert program tape.
4 Step 2. Key in rew; | dt, press execute, ‘
i Step 3. Insert METRRA data storage tape for the apyropriate frequency and
- press run,
3 Step 4. After each entry of measured parameters or response to compitter
= questions, press continue.
) See Figure 2.5-4 for block diagram of program.
i
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Plane of Cut
X -Y N N N N N N ‘
Y - Z Y N N N N N k
Z - X Y N N N N N 3
M A A A A A
Power Density At Target
; . 0064 Watts/SqM
!
; .064 Watts/SqM
i
.64  Watts/SqM
5.4 Watts/SqM
64  Watts/SqM
128  Watts/SqM -

¥'s: indicate measurement data was taken and recorded in

data block.
N's: indicate measuremen: data was not recorded.
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2.5.5 Signature Data Collection Calculation Sequence.

2.5.5.1 Record under computer control the following:

R
A
it
:

- Receiver Detector Voltage (complete mean of 20 samples),

- dB attenuation ahead of receiver,

- Target orientation.

PANPH Lo e e

-~ Target type.

- Target number. !
~ Transmitter Power Output.
- With or Without Ground Plane,

2.5.5.2 Convert receiver calibretion data for computing power at
the receiver given detector voltage and dB insertion loss ahead of the receiver.

2.5.5.3 Compute target signature and background signature.

2.5.5.4 A. Compute signature mean of each target vs. target
orientation. (3 data points/power level).

B. Compute signature meanof target vs. cut. (8 data
points/power level).

C. Compute signature mean and standard deviation of
target vs, power, (24 data points).

s LA T

D. Compute signature mean of the twice daily empty
chamber data,

E. Subtract signature meanoftargets vs. powerby the
signature mean of the empty chamber at 0.0064 W. M2
and 0. 064 W/M2. Average the two results to vield a 2
background correction factor.

F. Multiply the averaged correction factor by the background _
data to yield a corrected background signature level.

Compute target signature and background,

=

Correct for target background. i

Compute least squares on 128 W/MZ, 64 W/M2 6.4 W ‘M2 :
.64 W/MZ, 064 W/M2,-.0064 W/M2 of all four target :
samples without background correction.

o]
!

Repeat I with background corrected.

. 2
Repeat T and J above at 128 W/M2 64 W/M> and 6.4 W/M2, H

Repeat I, J, K for each target individually.
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Pi
-125 dbm
-121 dbm
~118 dbm
-[15 dbm
-113.5 dbm
-112.5 dbm
-110.5 dbm
-109 dbm
-108.5 dbm
-106 dbm
-104.5 dbm
-103.5 dbm
-103 dbm
-102 dbm
-101 dbm
-100 dbm
~99 dbm
-98.5 dbm

CUBIC CORPORATION
San Diego, California

737MHz/2211MHz RECEIVER CALIBRATION DATA

Vo

First Movement

25 mv
50 mv
100 mv
150 mv
200 mv
300 mv
400 mv
500 mv
l.Lov
l.5v
OV
.5V
0v
.5v
.0v
.0v
.0v

3 UWWNN N

Pi

dbm

= -106.09+3.92In (Vowt)

2
=1

-97 dbm
-91 dbm
-90.5 dbm

§.0v
9.0v
10.0 v

Pldbm

= «157.6+29.51n (Vowt)

r2=,83

~90 dbm
-89.5 dbm
-89 dbm

#X8TT o
s end ke

11.0v
12.0v
13.15 v

TABLE 2.5.1

Pi = -95.1+.46 (Vowt)
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1.0 GHz/3GHz RECEIVER CALIBRATION DATA

Pi Vo
-146 dbm 10 mv
-141 dbm 25 ny
-136 dbm 40 mv Pi = -118.02+5.75 In (Vowt)
-131 dbm 70 mv
-126 dbm 200 mv r’=.99
-121 dbm 5V
-118 dbm _ l.ov
-116 dbm .25 v
-113.5 dbm 2.5v
-111 dbm 1.5v Pi = -117.48+l. 36 (Vowt)
-108.5 dbm §.0v 2
-106 dbm 9.0 v =94
-102 dbm 10 v

TABLE 2.5.2
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i é:
3.0GHz/9.0GHz RECEIVER CALIBRATION DATA
E
Bi Vo . - f
-139 dbm 50 mv _ \ o
-134 dbm 100 mv
-129 dbm 300 mv
-127 dbm 500 mv .
-125 dbm 800 mv s
-123 dbm 1.25v
-121 dbm 1.75v Di= -116. 32+4.98 In (Vowt)
-119 dbm 2' 5v
-117 dbm 4.0v Wi
-115 dbm 6.0V
-113 dbm 8. 5v :
-111 dbm 8.5V
-10¢ dhm 9v ; :
-107 dbm 10v .
~105 dbm 11 v
-103 dbm . 12 v
:
‘ i
TABLE 2.5.3
.
N
=
2

T
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SYSTEM PARAMATERS AT 737 MHz

Pi + A (Input Attinuation) - 30 db = P(Antenna) (dbw)

P -
PR 10 —%EQ = Power out of Antenna in Watts

~ 3. 4
¢ = (4v) R PR (See Appendix)

Po Gt Gr A2

R = 4.42 Meters

Antenna Gain Ratio = 11,22 XMIT
Antenna Gain Ratio = 37.58 Receive
A2 = 0184 M2

Po at 128 W/M?2 = 3162 Watts Pk

TABLE 2.5.4
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SYSTEM PARAMETERS AT 1 GHz

Pi + A (Input Attinuation) ~ 30 db = P (Antenna) (dbw)

P(AN
Pr 10 JITL-D = Power out of Antenna in Watts

3 rt
=(41r) R* Pr (See Appendix)

Po Gy Gy A%

R = 4,42 Meters
R Antenna Gain Ratio = 31.62
T.. Antenna Gain Ratio = 13.18

]

A2 =90.01
Po AT 128 W/M? = 3162 W Pk

O T A S s e =

]
3
2
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mmmmmﬂ

SYSTEM PARAMETERS AT 3.0 GHz

Pi + A (Input Attinuation) - 30 db = P (Antenna) (dbw)

P(ANT
PR 10 —iﬂ)'—') = Power out of Antenna in Watts

3 4
(4r)" R _Pp :
= S d
T =50G R 2 (See Appendix)

%
% R = 4,42 Meters sl
N T, Antenna Gain Ratio = 15,0 fg
Ry Antenna Gain Ratio = 19,85 b
A2 0011 M2
Po at 128 W/M = 10,000 W Pk
TABLE 2.5.6 i
F
!
A
o -43-
{5
i
i
{3
r?'
&
3 ;_;‘: 5 Ea = T T = Sier - e
S s Pk o TR W L e A S e ;{_* é::‘;z«&z e~ L ix?,ﬂ‘r;;




CUBIC CORPORATION
San Diego, California

3. DATA CONCLUSIONS,

3.1 Sources of Error,

o

Because of the highly random nature of harmonic conversion, it is difficult
if not impossible to draw specific conclusions.

The sources for measurement error range from leakage from transmit to receive antennas,
harmonic conversion of the chamber, harmonic leakage before or after the clean up filters.
harmonic generation from junctions in the transmit path, standing wave patterns within the
anachoic chamber, fundamental frequency overloading of the preamplifier front end, zero
drift of the receiver detector, external man made interference signals, or radiated or con-
ducted leakage from the transmitter room to the receiver room.

3.2 Data Interpretation,

Several possible sources of error exist as mentioned previously, so data J
manipulation is performed several different ways to achieve as much iusight as possible

into the signature measurements,

1. Least squares analysis is performed on four sampvles of each
target at all power levels. These readings are somewhat awkwardly biased by the three
lowest power levels, which usually represent the noise level, and varfations which may

exist between targets,

T

2. Least squares analysis is performed on the 128 W/ M2 64 W/ M2 ,
and 6.4 W/M2 data. This prevents bias of the equation toward the noise level data.

-
S ity W T o e

TS e

3. To prevent ambiguities between individual targets, each sample
is evaluated independently.

4, To minimize the effects of background sources, background runs
are performed and subtracted from the averaged signature data, The results are equiva-
lent to signal minus noise.

T P A ST
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CUBIC CORPORATION
San Diego, California

3.2 (Cont'd.)

In data analysis, abnormally large or small coefficients or exponents of P are assumed to

be targets of extremely poor signature or significant error component.

-These considerations have been taken into account in the following tabulations:

Frequency Hand Grenade Atom

737 MHz 4x 10" 3,16 x 10710
1.0 GHz 2 x 10" 6.76 x 10”11
3.0 GHz 5x 10712 4,17x 10712

3.3 Ground Plane Data.

AT/AV Mine

2 x10"10
1.5x 10”10

3.ax10° "

M-16

1x 10712

5x 10" 11

2x 10"

3.3.1 In most instances, the addition of a ground plane permitted a

modest improvement in signature returns.

iS5~




CUBIC CORPORATION
San Diego, California

FINAL REDUCED DATA

The following data represents the reduced radar cross section eauation and signature.

Key Example

737 MHz | ({HAND GRENADE | | WITHOUT GRCUND PLANE b—

| WITH BACKGROUND SUBTRACTED }

Transmit frequency

Target type

Target measured with or without groundplane installed |

Signature measurements taken and computed. Background noise levels sub-
tracted from ine signatuve returns (Signal + noise - noise)

1 l
[(pwR EVELS)[ [EQuaTion |  [sicma !

-Most trget types consisted of four samples. Each sample was assigned a number
by Cubic, i.e. 1234 signifies signature of samples 1 throngh 4 of hand grenade,
Targets have been averaged together to form the data base.

—— This columin represents the number of power levels taken to form the signature
equation, i.e, "6'" represents the equation was derived from the data taken at
128 W/meter, 64 W/sa. m, 6,4 W/sa. m, 0.64 W/sq. m., 0.064 W/sq. m, and
0.0064 W/sq. m.; 3" represents the equation was derived from data taken at
128 W/sq. m, 64 W/sq.m, 6.4 w/sq. m,

~—————This is the signature equation as derived from a least squares analysis.

Sigma is the derived radar cross section at a normalized | W/sq meter.

-4G~
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3.4 Reduced Data

GRENALE
(P LEVELS)

Mhz hAuD
TARGET #

to o
[#8 I UN ]
b

KR Y N N ]
WWwWw ANy W o

TARGET #

NN

[VS VA )
P

PN SR WY XSy
W W oo W o

HAWD GREJADE

TARGET % (P LEVELS)

[AS 3N\
W
Fo

EoIR VSR o - VSN N ol 2l
WWwWwwoant sl oy

- ¢ Smeese g

BEQUATIOW

el P,

PR e o= e o s T T TR T T
S e SRR 8T T :73%2-@4?:?5—&3:‘»’—*: —fgg;:.%,{uﬁ = m:% P S
= =TT =y TEE o SR :“f“‘:g'*ffﬂ??—.’“ sy

et

ALUOUT GRUUND PLANE

-9.998 99 + 9.99€ 992T 0.00E 00
-9.99E 99 + 9.998E 93PT 0.00E 00
+-9,.54E~05P 7 3.34E-06
+-4,31LE-042T %3 ,34E-06
+-5,46E-04PT 3.34E-06
+-2.35E-04PT 3.34E-06
+.1.29E-59PT 2,.37E 01
+-1.248~1392T 1 ,25E 00
+-2.73E~612T 2.37E 0L
1.07E~-11 + 3,18E~13PT 9.,67E-0%

9.54E-05
4,81£~-04
5.466-04
2.356~04
1.44E-09
7.088~-11
7.41E-11

-9.998 99
-9.99E 99
5.4458-04
5.55E-04
3.196-04
9.948-05
-$.996 99
1.978-11
9.828-12
-9.59€ 99

7.11E-12
-9.99E 99
2.71E-11
2.238-11
2.832-11
1.478-12
~4.298 99
-9.399E 929
-3.99€ 99
5.788-12

1 GHz H[AJD GREWADE WIrHOUT GROUNU PLANE
(P LEVELS)

EQUATION

+ 9.998 99pt?
+ 9,99E 99pT
+-5.44E-04p"
558-04p T
19£-04p"T
34E£-05p T
99k 99p°T
458-132T
09E-51P"

~5.
~3.
~9.
9.
2.
3.
9.99E 99271

EQUATION

+-2.16E-15p"
+ 9,398 39p°®
+-1,13E-1l4p"
+-6,268-15p 17
+-3.74E-15p 17
+-3.79E-53pP7
+ 9.3%L 9927
+ 9,990 93T
+ 9,396 939pT
+-3.032-1327

0.00E ¢0
0.008 00
3.34E-00
3.34E-U6
3.34E-06
3.34E-0b
0.00E 09
8.21E-01
2.378 01
0.00E 0O

ATHOUT GROUWD PLAGE

1.358 00.

0.v0e 00
1.598 .0
1.50E 00
1.36E 00
2.378 01
0.00E 09
0.00E 09
U.U0E Ui
5.,76E-01

aprete %

51GMa

0.00E 00
0.00E 00
2.59e-09
5.048-09
5.70E-09
2.46E-09
1.44g-09
7.07e-11
7.41E-11
1.10E-11 -

SIGHA

0.00E GO
0.00E 0OU
5.80E~yY
5.788-G3
3.588-0Y
1.0388-09
0.008 90
1.358-11
9.828-12
0.00E 00

SiGHA

7.11e-12
C.00& 09

2.71g-11 °

2,23E-11

20 838"1]. N

1.47g-12
U.U0E 0V
0.00E Ovu
0.00Q O

5.48E-12 »

H
3
i
4
o
330

e

)

g
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737 Mhz HAND GREHADE

S I T
e SN RSN RY e

e

ot 2! ¥ =
SRR R b

WTHOUT

WITH BACKGROUWD SUSTRACTED
(PWR LBVELS)

TARGET #

o
N

3 4
3 4

(8]

DWW N

WWwwwonovognOv o Oh

1.10E-10
4.118-10
-3.70E-190
2.16E-05
5.61E-05
1.158-05
1.47E-09
3.096-11
-9.99E 99
7.89E-12

1 >z HAND GRENADE WIidOUT
Wiy 1 3ACKGROUND SU3IRACTED

TAAL..T #

Ll o
N
WL
o> b

we LI D W

3 Guz

W W LW OOy OV A Oy

(PUIR LEVLLS3)

2.94E-10 + 3.22E-53%p

GROUND PLANE

EQUATION

+

-3.51E-05P

T.51E-11p"
+ 7.65E~60p"
+ 1.07e-03%2"
+-2.16E-052"

J.99E 3927
.90E-15p"

+
+=~1
+ 1
+-3.05E~-152
+ 9
+ 3

SRCUND PLANE

EQUATIOJ

5.86E-10 + 4,00E-39P

7.32E8-905

1.96E-05
-9.99E 99

2.30E-12
3.72B-13

-9.99%E 99

HAND GREJADE WIHOUT

+-~3 . 2H6E~-05P
R
-
+_

+
+
+
+

WITH BACKGROUND SUBTRACIED

TARGET 7

NN
W
R

RN NN SR NYRY SRy

WWWW A gy wh

(PAR LUVELS)

4.06E-13
2.56E-14
-2.536-13
-3.25E-13
-2.716-12
-2.43E-13
6.01E-13
1.0%E-12
2.028-12
6.365~13

7.82E-45p
7.30E-102
1.96E-05P
9.93E 99p
4.37E-%0F
5.38E-16?
9.99E 999

EQUATION

+ 4+ttt 4+

2.04LC-33P
1.39E-242
3.37E-13p
5.348~-13p
3.24E~-12p
3.775-13p

~
-~
~
~
~
Y
-~
-~

~

-~

SROUND PLANE

~
~
-

~
~
-~
~
~
~
~

3.83£-01
2.35E 0Ol
1.358-01
3.34E-J6
3.348-09
3.34c-006
2.378 Jl
2.36E 00
0.00L 00
1.378 00

2.36E 01
2,362 01
3.34£-v0
3.34E~-096
1.078-01
3.34E-05%
0.00E 00
2.588 o1
2.24E 00
0.00E 00

l.11g 01
6.448 JV
1.54£-01
1.95e-01
5.23L-02
1.518-01
2.37e 01
2.37€ 01
2.37¢C 01
2.37€ U1

SI1GAa

1.85E-10
4,118-10
7.02E-19
2.48E-10
0.11E-10
1.438-1v
1.478-49
3.09E-11
0.00E 00
7.898-12

SIGiA

2.94-10
5.86E-10
J.U28E~-190
7.92E-10
4,032-10
2.44E-10
0,00E 00
2.30e-12
3.738~-13
0.00E 00

SIGia

4.06E-13
2.30E-14
1.348-13

1.23e-13
6.01E-13
1.968-12
2.028-12
6.36E-13

2,096-13 -
5.33E-13 -

e
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737 ¥hz ADA4 WiHOU ' GROUWND PLANE .
TARGET # (P LEVELS) EQUATLION  * SIGHA
1234 6 1.64E~10 + 1.13E-l6P" 3.35E 00 1.64E-10
1234 3 2.44E~10 + 5.058-162" 2.47E 00 2.44E-10
1 6 2.388-10 + 3.udBE-14P" 2.79C 00 2.33E~-10 -
2 6 2.90E~05 +-2.90L~05P" 3.34E-06 5.348-19
3 6 4.39E~-10 + 1.63E-11lp” 1.12E 00 5.182-10
4 6 3.97E~10 + S5.33E-162" 3.33E 00 3.37€-10
1 3 1.216~10 + 3.73E-14P" 2.75E 00 1.21g-10 -
2 3 -2.37E-11 + v.63E-L2p” 3.18E-01 -1,u08-11
3 3  -9.99E 99 + 9.99C 992" 0.00C 00 0.00E 00
4 3 1.67E-10 + 3.85e-15P" 2.97E Q0 1.578-10 -
, i
1 GHz ADA1! JTHOJT GROUJD PLANE :
TARGET % (P LEVEL3) EQUATION SIGMA
1234 6 9.35E-09 +-1.85E-62P" 2.53E Ul $,858-G9 :
1234 3 -9.39E 99 + 3.99%: 992" 0.00E& 00 0.00E 00 :
1 6 9,42E-03 +-3,418-05p" L.52E-uS 6.038-09 ;
2 6 6.06E-04 +~3.06L-04P" 3.32E-06 7.68E-03 ]
3 6 8.92E~05 +-8.92E-05P" 3.34E-06 1.05E-03 e
4 6 -1.6U8-11 + 1.51E-11p" 8.428-01 -9.458-13 ;
N 3 9.99E 99 +~9.99E 93¢ 0.U0E 00 0.00E QU i
2 3  -2.098-11 + 5.70E-12P" 1.31L 00 ~1,52E-11 :
3 3 =9.998 99 + 9.3993E 992" 0.00E u0 0.0ug 0Ou :
4 3 -1,82E-10 + 6.13E-11»" 5.308-0L -1.20E8~1v °* :
H
3 Gz ADAH WI2OJT GROUWD PLAUE §
TARGET % (P LEVELS) EQUATION S1GAA %
1234 6  -3.998 99 + 9.99E 992" 0.00E 90 J.00& 30 E
1234 3 4.038-10 +-5.33E-6G2" 2.35E 01 4.03E-12 153
1 6 ~-4.348-10 + 7.23e8-102" 2.19E-ul 2.89E-10 - %
2 6 1.058-12 + 1.33E-14P" 1.72& 00 1.07&-12 - &
3 5 2.10E-12 + 2.94E-22P" 3.22E 09 2,108=12 ¢ ::
4 6 9.156=~13 + +.12E~-172" 2.33c 00 9.158-13 ?
- 4 1 3 9.998 95 +-9.99E 992" 0,008 30 u.90E 00 i
2 3 4.658-12 + 7.238-15P" l.9le 00 4.66C-12 5
4 k! 3 5.64E-12 + 2.698-61p" 2.378 .1 5.648~12 g
gﬂ 4 3 3.68E-12 + 4.J4E-132" 3.41E 00 3.53E~12 ¢ :

e SR e e e T peme




737 Mhz ADA
A1TH BACKG

i

TARGET =«

[
NN
[VERVS)
o b

Swh R W

1 GHz ADAM
WITH BACKSROUWD SUSIRAZTZD

WIrdOUT GROUND PLAWE

(bW LEVELS)

6
3
6
6
6
€
3
3
3
3

7.81e-11
2.048-10
1.536-10
2.518-10
7.27c-11
1.40E-10
z.93:e-10
~-3.22E8-15
-9.,99E 99
2.U08E-1C

ROUWD SUSTRACLED

EQUATION

+
+
+
+
+
+
+
+
+
+

~

1.508-14P
2.60E-14r?
1.33E-13¢
2.26E-0UF
7.708-112
3.128-14p
1.53L-L3P
3,7468-13P
9.998 99¢
2.18E-14P

» >

>

> > 2 >

WIHOUT GROUWD PLANE

EQUATION

+ 4+ 4+ ++++ A+

1.518-152"
1.11E-12»"
2.66E-112"
1.04E-592"
3.77E-12pP"
2.25E-11p"
3.332 3987
1.938-11p"
3.939E 992”7
1.08E-102"

WTHOUT GROUND PLANL

EQUATION

+ 9.99E vyp’
+ 5.083E-04°
+ 3.31E-10P
+ 2.478-14aP

+ 3.34E-17P
+=1.27E=392
+ 2.256-147
9.20E-134 + 5.51u-13?

TARGET # (PWR LEVELS)
1234 & 1.06E-10
1234 3 3.23E-10
1 6 3.73E-10
2 o 1.666-09
3 o 5.17g-11
4 6 -1.652-11
1 3 -3.39€ 93
2 3 ~-3.31c~12
3 3 -9.,99:2 99
4 3 -2.39E-10
3 Gdz ALAY

WITH BACXGROUND SUSTRACTED
TARGET # (PdR LEVELS)
1234 6 3.%9€ 99
123 4 3 1.31¢-19
1 ) -5.03e-13
2 6 1.07E-13
3 ) 2.3UE-14
4 6 1.058-13
1 3 1.67:5-09
2 3 §.378-13
3 3

4 3

+ 6.77c~139"

4,25ce-13 + 7.128-17¢"

-50-

2.75E 00
2.59€ 00
2.41E 00
2.37E 01
3.29E-01
2.54E6 00
2.456 0V
1.270 J0
0.0 00
2.61E 00

3.08% 04
1.42E J0
9.358-01
2.37e V1
5.17E-01
7.608-01
v.00< 00
1.138 GO
0.00E 00
+.31E-0L

J.00E 00
2.568 0L
1.23E-01
1.83E 90
1,510 U0
2.328 dU
2.37= vl
1.57¢ 09
3.658 U0
2,356 QU

S IGHA

7.81E-11
2.04E-10
1.53e-190
2.51E-1V
1.508-1V
1.49e-10
2.338-10
6.528-13
0.00t V0
2.98E-10

51GMa

1.06E-10
3.24E-190
3.99E-140
l.668-0Y
6.05E-11

-

6.log-12

0.00 Ou
2.538-12
0.00x U0

-1.328-10

S I (;L'lA

0.00u vl
1.31e-10
3.238-10
1.318-13

2.39E-14

1.05e-13 °

1.57E-99
158~13
0E-14

5.
9.2
4,252-13




737 Hhz AT/AV MINE WIHOUT GROUWGD PLANE 3
TARGET # (P LEVELS) BQUATIOW SIGHA
1234 6 1.578-09 + 5.60E~16P" = ,.50E 00 1.57E-03
1234 3 -9.99E 99 + 9,99 992" 0.UVE 0V 0.008 0V

1 6 2.50E-10 + 4.53E-63P" 2.353c¢ 01 2.60E-10

2 6 3.86E-U9 + 1.63E-39P" 2.37E Ul 3.86E~0Y _
3 6 1.10E-09 + 3.96E-33p" 2.37& 01 1.10E-09 |
4 3 1.965-09 +-7.91E-60°" 2.37E Ol 1.96E-093 g
1 3 4.52E-09 +-4.41£-592" 2.37F ul 4,526-09 :
2 3 4.23E-09 + 1.3uE-59P" 2.37E 0% 4,23E-G)

3 3 7.97E-11 + 7.73E~132" 4.43E 00 7.97E-11

4 3 9.99E 99 +-9.99E 99P" U.J0E 00 0.00t 09 :
1 GHz AT/AV MINE JIPHOUT GROUND PLANE . L
TARGET # (P LEVELS) EQUATION SIGUA P

H

1234 6 7.325-10 + 2.26E-53°" 2.33E 0l 7.328-10 :
1234 3 ~9,995 99 + 9,998 992" 0.00E 00 0.00E 00 :
1 6 1.3568-05 +-1.353-05P" 1.62E-05 5.64E-10 :
2 6 5.356-05 +-5,35E-05P" 3.34E-06 5.442-10 i
3 6 4,75E-04 +-4.755-04P" 3.34E-06 4,92E-09

4 6 1.74E-04 +-1.74E-042" 3.34E-06 1.918-09 :
1 3 ~-9.39E 99 + 9.99E 99%P" 0.UUE 00O - 0.00E 00 o
Z 3 ~9,99L 99 + 3.9398 3527 U.0UE CU 0.00E QY

3 3 3.66E-11 +-2.05E=-01le" 2.37E 01 3.666-11

4 3 -9.,39E 99 + I.9YL 392" 0.U0E U0 0.008 00

3 GHz AT/AV MIJE ~TJIOUT GROUHD PLAE .
TARGET % (P LEVELS) EQUATION SiGHA N
1234 6 8.10e-12 + 1.14E-20P" 5.20E OU 3.10E-12 - by
123 4 3 3.84E-12 + 2.UBE-14P" 1.73L U9 3.86E-12 * iy
1 6 4.33E-12 + 7.365-142" 1.706E 00 4.418-12 * L
2 6 2.93E-11 + 2.3%:-14P7 1.99: U0 2.03e-11 ¢ e
3 6 -3,786-12 + 1.31g-11P" 2.128-0L 9.300-12 - P
4 6 -2.44E-11 + 3.44g-112" 1.930-01 9.948-12 ¢ L
1 3 1.918-11 + 2.43E-14P" 1.92E 0O 1.325-11 2
2 3 3.558~-11 + 1l.14po-16P" 3.10L 00 3.55E~-11 »

3 3 2.728-11 + 2.00C-51p" 2.37¢ 01 2.72E-11

4 3 3.540~11 +-2.34E-612" 2.37E J1 3.548-11

T
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737 Mhz AT/AV MIJE J8{CUT GROUND PLANE 2
WITH BACKGROUND SUSIRACLED v
TARGET & (PWR LEVLLS) EUALION SIGAA
1234 6 3.688-10 + 4.41E-14P" 2.357E 00 8.59E-10 ¢
1234 3 -3,998 99 + 9,99E 992" 0.00E 00 0.00L 00
1 6 2.208-09 +-2,.00E-39P" 2.37€ 01 2.20E-09
2 6 ~-1,30E8-04 + 1.302-042" 3.348-06 3.488-03
3 6 1.90E-10 + 1,21E-17P" 4.93E 00 1.90E-10 "
4 6 6.L5E-10 + 1.23E-10P" 5.00e-C1 7.338-19.
1 3 4.68E-09 +-4,50E=-592" 2.37E 91 4.63B-0Y 3
2 3 4.426-09 + 1,09E-53p" 2.37E Ul 4.42E8-03
3 3 9,236-11 + 3.,67c-L7¢" 3.58C OV 9,233-11"
4 3 -9.99E 39 + 9.99%E 992" 0.90& 00 0.00E 00
1 Gilz AT/AV MINE WI'HOUT GROUND PLANE
WITH BACKGROUwD SUBTRACIED
TARGET # (2WR LEVELS) EQUALION SIGHA ‘
1234 6 1.51E-10 + 5.81E-59P" 2.36E 01 1.518-10 :
123 4 3 1.076-10 + 6.37E-502" 2.368 01 1.07&~10 :
1 35 1.08E-05 +-1.03E~-052" 3.34E-06 1.53E-10 :
2 6 1.27E-95 +-1.27£-052" 3.34c-00 1.738-10 i
3 6 3.0388-10 +-1.70E-1up” 1.21E-0L 1.388-10 *° ‘o
4 6 3.166-10 +-1.348-10p" 1.72E-01 1.32E-1Q - 3
1 3 -9.99E 99 + 9.99E J9P” 0.00E 00 0.u0E 0V -
2 3 ~-9.39E 99 + 9.9Y9E£ 399" 3.00E 90 0.00E 00 C
3 3 3.328-11 +-1.838-61F" 2.37t 0l 3.323-11 b
4 3  -9.998 99 + 9.99k 332" 0.00E 00 0.00E 00 g(
:é
:
3 GHz AT/AV MINE {TdOUT SROUND PLANE i
WITH SACKSROUND SUBIRASTED 3
TARGET # (PWR LuVvELS3) EQUATION SIGJA §
1234 5 5.70E-12 + 2.09E-20p" 5.G3E 00 5.708~-12 - :
1234 3 ~5.398-14 + 1.232-132" 1.378 00 7.10E-14 - 1
1 6 2.976-13 + 1.502-13¢" 1.355L U0 4.47E-13 3
2 6 1.298-11 + 2.96E-14P" 1.748 U0 1.300-11 B
3 6 ~3.79E-13 + 4.13E-132" 9.58E-0l 3.908-14 :
4 5 -7.31-12 + 1.238-112" 2.13:-01 5.,03L-12
1 3 1.488-12 + 1.40E-132" 1.57L 00 1.628~12 °
2 3 5.698-11 + 9,73E-152" 2.19E 00 5.608-11
3 3 -2.368-12 + 7.14E-13p" 3.572-01 ~1.335e-12
4 3 2,61E=-11 +-1.75c-61P" 2.37E& 0l 2.51E-11

; T YL NN
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737 Mhz t1-16 MINE WITHOUT
TARGET # (P LEVELS)

[YS I8
W W
o

S W S0 b W N -

1 GHz M~-16 MINE WPAOUT GROUND PLANE

TARGET #

NN
Eo

W

PR R R N

3 GHz
TARGET #

NN
w W
[~

B L e W N

WWwwWwondhhagnh Wwo

1.09e-08
3.88e8-10
5.358-05
4.63E~-05
1.08E-04
4,926-04
3.21E-12
-9.39 99
-2.25B-11
-9.99E 99

(P LEVLELSY

WWWWoNo o W o

tM-16 WINE WIdOUT GROUWD FLAWE

3.73e-09
5.93E-10
3.776~45
1.008-04
1.06E~-04
1.108-04
3.35e-11
9.99E 99
3.00e-12
3.18E-12

(# LEVELS)

WwwWwWwoa o onh won

5.11£-12
2.368~12
-3,93E-03
83.91lu~-13
-3.188-11
-1.21E£-07
-9.39& 93
3.21E-12
-9.99E 99

GROU WD PLANE

EQUATION

»

+-2.17E-62P" 2,.53E Ol
+ 5.14E£-592" 2.36C Ul
+-5.35£-052"

+-4.53E-05P
+-1.03E-04p
+-4.,u28-04P
+ 9.04LC-102
+ $8p
+ 3.430-12P°
+

3.998

~
~
~
~
-~

9.9%E 99p°

EQUATION

+-7.32E-632"
+ 4.068-392"
+-3.77E-05p"
+-1.00E-04p"
+-1,06E-94P"
+-1,108-04p"
+-3,238-61P"
+-9.938 3927
+ 8.35E-53p"
+ 1,538-51p"

EQUATION

+ 4,10E-6UP
+ 4,.208-612
+ 3.33E-03P
+~-4.19:2-53P
+ 3.308-11p
+ 1l.212-072
+ J.399L 96P

~
-~
~
~
~
~
~

+-1.10E-13P"
+ 3.99E 399p°
-9.99E 99 + 9.99E 9yg”

~53-

3.348~00
3.34E-00
3.348~-09
3.34E-05
2.37E 00
0. 008 Vo
1.12E U0
0.GuE 00

2.53E 01
2.30 01
3.34E~05
3.34E-06
3.34E-03
3.34E-03
2.37e 01
0.3098 00
2.53E8 U1
2.37E 01

2.35E 01
2.35%E 01
3.34E-C5
2.378 Ul
1.02g-v2
3.34E-06
0.00E 00
9.048-01
J. 008 00
0.00c vO

SIGMA

1.09E-08
3.888~-10
6.035-10
4.93E-10
1.45E-0Y
4,16E~09
3.218-12
U.u0e U
-1.%08-11
0.00c 00

SIGHMA

3.73E-09
5.938-1u
9,23E-10
1.04E-09
1.108-u9
1. 14E-09
3.358-11
0.008 40
3.00e-12
3.13E-12

SIGHA

5.11E~12
2.358E-12
1.638-12
3.01g-13
1.238-12
1.97u-12
0.008 Qv
3.10p-12
0.0G8 00
0.008 Qu

—

o

ot i




737 Mhz #-16 MINE wIdOUI GROUND PLAJE
WITH BACKGROUND SUBTRAZIEZD

TARGET # (PWR LEVEL3) EQUATIOW SIGHA
1234 6 7.83E-03 +-1.63E-62pP" 2,53 01 7.83E~03

1234 3 1.93E-11 + 1.54L-26°" 3,03E 00 1.935-11

1 5 2.84E-11 + 4.23p-51P" 2.37E 01 2,34E-11

2 6 9.102-06 +-9.10E-05¢" 3.34E-05 1.02E-10

3 5 4.008-10 + 4.395-60P" 2,37& 01 4.00E-19

4 6 1.39E8-04 +-1.39E-042" 3.34E-U6 1.96E-03

1 3 2.248-13 + 9.63E-192" 3.73E 00 2.24E-13

2 3 5.718-12 + 1.39E-52P" 2.37E 01 S.71i-12 -
3 3 -2.298-11 + 5.87E-12P" 1.0lE Q0 ~1.70E8-11"° ]
4 3 1.83E8-11 +-1.908-61P" 2,37E 01 1.338-11

1 GHz 1-16 MINE HWIPdOUT GROUWD PLAWE

WITH BACKGROUWD SUSIRACTED

TARGET # (PWR LEVELS) EQUATION SIGHA

1234 6 8.248-10 +-1.59E-63P" 2,.38E Ol 8.24E-10

1234 3 1.06E-10 + 2.33E-50P" 2.35E 01 1.06L-10

1 3 1.45E-U5 +-1.45E-05P" 3.34E-0% 1.63E-10

2 6 1.44E-05 +-1.44E-058" 3.34E-06 1.43E-10

3 6 1.22E-10 +-7.138-112" 1.323-01 5.768-11 - ;
4 6 1.105-10 +-5.558-11¢" 1.22£~01 4..7E-11 -~ )
1 3 3.16B-11 +-3,276-61p" 2.37E OL 3.16E-11

2 3 0.00E 00 + 0,00E 002" 1.50E 09 0.00E 00

3 3 0.00E U0 + 0.00€ 00P" 1.00C 00 0.00E 00

4 3 1.07E-14 + 1.00E-21P" 4.63E& 00 1.07E-14

3 GHz 1i-16 MINE 4TAOUT GROUND PLAWE ;
WITH BACKGROUND SUBTRACIED 3
TARGET # (PWR LEVEL3) EQUATION SIGMA

1234 6 3.172-12 + 3.64L-60P" 2.35E 01 - i
1234 3 2.026~14 + 3.23E-229" 5.072 00 3:33§-i§ By
1 6 B.268-17 + 3.338-232" 4.50% 00 8.26E-17 :
2 6 0.00u 00 + 0.00E 002"~ L.30% 00 0.00¢ 00 2
3 6  =3.30E-14 + 5.038-142" 5.39£-01 1.73E-14 B
4 6  ~L.19e-13 + 2.092-132" 4.945-01 9.00&8-14 2
1 3 3.318-15 + 3.128-232" 4,550 00 3.31E-16 i
2 3 0.902 00 + 0.00€ 002" 1.508 29 0.008 00 g
3 3 =9.39E 95 + I.99YE 992" 0.JJE uQ 0.008 vy 3
4 3 -9.39E 939 + 3.Y%E 399" 0.90E G0 0.00E 00 13

R
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R R S ati A

AT ST SR S G, S ““‘“-“f?i»‘*?é;;?;’r‘fzf;;ﬁ:%: ;,,u;m;ﬁ:d ‘:;.!;a&;“ - 1‘5,‘_{”: »17"“;‘;‘:&,‘;@ ——m——
737 “hz ADAW NILH GROUND PLAJE
TARGET # (PWR LEVELS) EQUATION SIG.IA
1 6 4.548-10 + 4.398-10p" 1.03E 00 8.936-10 ° |
1 3 -4.805-09 + 1.04E-09p"7 3.71E-01 -3.76E-09
1 GHz ADAY §ITH GROUAD PLANE
TARGET # (PAR LLVELS) ~JUATION SIGHA
1 6 4.185-06 +-4.18E-262" 1.62E-05 2.746-10
1 3 1.90E-12 + 1.18E-192" 4.43E 00 1.90E-12 - )
3 GHz ADAM WITH GROUND PLAWE
TARGET ¥ (PVR LEVELS3) EQUATION SIGMA
1 6 -3.98E-11 + 7.84E-112" 2.61E-01 3.86E~11 -
1 3 -9.99E 99 + 3.99E 992" 0.00E 00 0.00E 00
737 ihz AT/AV YIJE WITI GROUND PLANE
TARGET & (PR LEVELS) EQUATION SIGMA
1 6 4.62E-09 +-8.97E-53P" 2.35& 01 4.628-09
- 1 3 9.99L 99 +-9.9%E 99P" 0.00E 0C 0.00E 00
-
. 1 GHz AT/AV MIJE JITH GROUWD 2LANE
£ ; TARGE? # (PWR LEVELS) EQUATLOw SIGMA
- 4 1 6  2.315-05 +-2.31E-05P" 3.34E-0% 3.40E-10
, 1 3 7.13E-12 + 4.19E-132" 1.29E 00 7.550-12 °
ok
s
i
f 3 GHz AL/AV MIJE WITd GROUD PLANE
! TARGET & (PWR LEVELS) EQUATION SIGMA
; 1 ) 2.95E~13 + 4.085E~L7¢" 2.93E V0 2.95£-13
E 1 3 1.19E~12 + 1.958-172" 3.08& uY l.1ve-12
;% -55-
#




737 “4hz ADAH GIrd GRUUWD PLANG
WITH BACKGROLWND 3SUBLRACTED

TARGET # (PJR LEVELS) EQUATION SIGMA
1 5 -5.61E~10 + 3.79E~10P" 3.94¢c~-01 3.13B-10 ¢
1 3 -5.238~09 + 1.73£-09P" 7.67E-0L ~3.50E-09
1 GHz ADAA WITtd GROUND FLANE
HITH BAZKGROU.D SUZTRACTED
TARGET % (PIR LEVELS) EJUATION SIGMA
1 6 2,528~10 +-1.96C-642" 2.59E 01 2.528-10
1 3 2.228-12 + 4,U3E-132" 3.70E u0 Z2.22¢-12 ¢
3 GHz Apad WITH GROJUND PLANE
WITd BACKGROUND SUsSTRACIED
TARGET # (PWR LEVELS) COUATLION SIGHA
1 6 -3.50E-11 + 7.11E-11P" 2.76i&-01 3.518-11 '
1 3 =9.99E 99 + 9.99%k 99P" (.00E 00 0.00E8 00
737 Mhz AT/AV “IHE WIPH SRIUND PLAWE
WITH BACKSRCUND SUSTRACTED s
TARGET # (P9R LEVEL3) EQUATION SIGHA
1 6 2.048-09 + 4.822-11P" 6.23g8-01 2.09c~09 ’
1 3 -9,99E 99 + 9.99E 99%p" 9.00E 00 6.00E8 Qv
1 3Hz AT/AV MINE JIDd GROUWD PLAWE
WITH 3ACK3ROUND SUBTRACIED N S1oia
TARGLT # (PAR LEVLLS) EQUATIO. S1G.
1 6 2.10E~-11 + 2.50E-13¢" L.37E 90 2.1;9-11
1 3 8§.566~-12 + 5,10E-13p" 1.21& ¢O 3,.17E-12 .
3 Gz  AT/AV HI{E WIfd SROUND PLANE
WITH SACKSROUND SU3TRACIZD L
TARGET # (PWR LEVELS) EQUATION SIGHA
1 6 3.05E-14 + 4.39E-172" 2.90E£ 0 3.966-14
1 3 3.228-13 + 3.79€E-172" 2.94:3 OO 3.238-13 -
~56~
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2
L w/vd)

4r R

“ r)ZR

P = PyA (W)

where A is receiver antenna aperture

)\2 G
R 2
4rx (M)

1

@)

3)

Target

Signature =

2
(M)

3
%

P




S T S N S T e e T e s ey Tewe
e AR A S =
T e s T
From {2) and (3).
2
G G A ;
P Po T 'R i
R 3 _4
@ R
Solving for o : : o
i
3 P t
@r R R :
g =
G_G_A
T R © :
Where:
R = Distance from antenna to target in meters.
PR = Power at receiver input in peak watts.
Po = Transmitter power output at antenna terminal in peak watts.
ai : :
G = Transmitter antenna gain G_ = 10 Gain (dB) .
T T 10 .
Gai i
G = Receiver antenna gain G_ = 10 Gain @B !
R R 10 1
e
A = Receive frequency wavelength in meters. B
g = Effective signiture in sq. meters. “gé
1 5%
1
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far I=17 10 22
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next 1
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gt "Torger MHumber'sES . \
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WML IR3T Fersoyegl v bE
IPHfEf)+E
Fi=C8l1y45] . '
R % O WR-AE TarEbich!
rat "Grd plonse=tvpe witl o ar wirmout, E
1f E#a"mith":er53Amw 3
if EF="withount " JRwrSianp 2
P Jik =3
: : E€+C80 157
f - 1anlE¥)=E
' "GP 2Bl L E+ET ]
vrk S
deipignlHE ) =85 v Frd-s |
et SaCELL 5wy 8
o ent "Entrv @rears o oo gt ?=-yesomo” 5l
o ' if LE="no"time 32 :

MR NN
R Tl Rus N RN SO Y

e @7 08 wa. 42 o8 =

' if GE="vwes"sa9ro "ap”
v e ‘3
i fr 2afd.00
j laf J-b «BEsDC ¢ ] o -
| wrt S.29 "OU HAYE ALLESSED FILE #"+Js "WHICH HAS THE FOLLOMWIMG HEADINHG
; urt & .
5 - for I=1 10 5 ‘
; ;;) wrt GeDELZL-2T0wet AaDEL2%I=1T5wrt asDEL 320 150rt &
) wre GIBELII-235uwrt € BEL3T-1 15 ure FnEi[J'Iszrt &
: if D3C3I-21=" "Jaio “"com”
‘ LA
“oanttIArEsCEL L 1+ DEl rEe2E rR-10 ]
gnt “enter commente For current run s DEC34ré-101)
wrt s "THE CURREMT DATA WILL HAYE THE FOLLOWIMG HERDIHG: ™
CowrT B o
e bt B DBL e Tiwet B D024 -1 urt Ui[**rF]swrf iurey £
TN SRR D e D TARET T A L JS DAL 3¥rh ;o
e ¥ : <
! LT Merfagnn TP i of Cutiivw d=vaw=zg,2=-%3"yF%
i if F="u /';1*G=;ro "PUR"
‘ it F$- f~z "YEssiaLe CPURY
it FE="z~u"22+Gi3to "PUR"
dzp “resnter descred cut"swoit Z2ORGieno "CUT”
”PLP“'ﬂsv "zl gerwrutior power lauel"izine

gt "Torset Fowss Dersite”sP
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'”'5’”10?5 /64}37H
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0: "737 Mhz RAW DATA REDUCTIOw PROGRAsM:

1: "COMPUTES AnD PRINTS SISNATURE IN sJ8 Adp SIOKRES Ou SIGw v\ LURE uvAra TAPE":
2: ent "wdICH TRACK O RAW DATA fAPE",2:1if 8>l;gto -u
3: £rk 8

4: ent “WdIZd FILE??2?2Y,F

5: gim AS(15,30],83[15,0],0{3,06,8,2},¢13,0,38]

3: sfg 14 :

7: dsp "COiPUTING DATA"

8: 14f Fr,AS5,8$,D[*]

9: l+L;laM;lan

10: if D[L,M,8,11<=7;-106.09+3.921n(0(L,i1,n,1])+»r

11: if D{L,,4,1)>7;1if D{L,4,8,1]1<=10;-157.6+23.51n(D(L,1,d,1])~3
12: if D(L,#,34,11>10;-95.1+.46D[L,4,d,1]+

13: D[L,M,4,2])+0

l4: R+D=-30+P

15: ta”™(P/10)+)

15: (41) "3*%4.4274+K

17: 11.22%37.58%,0134»Y

18: K/¥+C

19: if M=1;3182+X

20: if M=2;1581+X

2l: 1if :1=3;153.1+X

22: if M=4;15.31+X

23: if :=5;1.531-X%

24: if M=6;.1581+X

25: CT*Q/X+Q[L,M,d)

20: dsp pP;dsp "P=",P

27: if L>2;gto 390

23: L+1-L

29: gto 10

30: l»L

31: if #4>S5;gto 34

32;: M+l-M

33: gto 10

34; l-+L;1-M

35: if wnN>7;g9to 40

36: N+1l-d

37: gto 19

33:

33:

40: wrt 6,"FILE",F*1

41:s wrt 6,A5(1]

42: 1+ 1+1§;0+A

43: fmt 1,2/,5%,"737 Mhz--123 W/saM RADAR XSECIIOJ IJ sgi=";if M=l;wrc 5.1
44: fmt 2,2/,5x%x,"737 Mnz--64 /s RADAR ASECTION 1i sad=";if ud=2;wrt 5.2
*11608
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44: £at 2,2/,5x,"737 Mnz--654 W/squl  RADAR ASECTION Id sgei=";if u=
1455 fnt 3,2/,5%,"737 thz--6.4 i/sqi RADAR XSECIION Id squ=";if -
46: Eat 4,2/,5%,"737 ¥Mnz--.04 w/saM  RADAR ASECIiLN In sgM=";1f ?
47: f£mt 5,2/,5%," 737 Mnz-~.0584 W/saqu RADAR XSECTION Iwn sau=";if ==5;4rt 9.5
43: fmt 6.2/,5%,"737 dnz=-.0064 i/sqd RADAR XSECTIOW Id sgit=";if ei=6
49: fmt 7,5x,"AdGLE",12x,"X-Y",léx,"Y*Z“,le,“Z—X",/;wrt 6.7
50: famt 3,53,63.0,10x,e10.2,7x,e10.2,5x,e10.2
51L: wrt 6.3,A,Q[1,M,J],Q[2,M,d],Q[3,M,N]
§2: A+45+A;N+1>N
53: if a>83;gto 55
54: gto 51
Ml 083 1--d
if «>éj;gTo 56
gto 43
dsp "INSERT 737 »ilz SIGUIATURE TAPE";s8t0
ent "STOwE ON WhiICd TRACK?2?",8; if 3>l;ato -J
trk B
ent "STORE IN WHICH FLILE??2",4
fdft 2
rcf ZIAlesiDl*l QL)
fmt 9,5%,"CdE ABOVE UATA IS IN FILE #",lx,fZ.O,Sx,"GJ TRACK #",1%x,£2.0
wet 6.9,Z,3:Wrt d;wrt 6
"ouD":dsp " INSERT 737 Mtz RAW DATA TAPE" ;end
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"1 Gnz RAW DATA REDUCTION 2RIGRAM":

"COMPUTES AwD PRINIS SIGNATURE InN sqif Adu STORES Ua SIGNATJURE DATA 1aPL":
ent "WHICH TKACK ON RAW DATA 1ApE",3;if B>l:gto -

trk B

ent "WdICd FiLE??2?",F

dim A$[15,80!,B8$8(15,6),v(3,%,3,2],Q(3,6,3]

sfg l4

4sp “"COMPUTING DATA"

1éf F,A$,385,D([*]

9: l+L3l+4;1+0N

10: if DIL,4,t,li<=1;gto "pLuG"

11: -116.32+1.,15*D{L,M,d,1]»R;gt0 13
12 "LOG":=-116.72+0.19%1n(D[L,M,N,1])}+R
13: D[L,M,0,2]>0

lé: R+D-30-»p

15: tn” (2/10)+2

16: (4m) "3%4.4274+K

17: 31.62*%13.13*.01l>¥

18: £/Y+C

19: if M=1;:;3162+X

20: if M=2;1531+X

21: if M=3;158.1+X

22: 1f M=4;15,.,31+X%

23: if ¥4=5;1.5381+X

24: if M=6;.15381l+X

25: C*G/X»Q{L,M,N]

26: dsp P;dsp "p=",P

27: if L>2;gto 30

DDA WO

6% 40 o6 eo o0 es oo oo

28: L+1-»L
29: gto 10
30: 1-L

31: if #>5;9t0 34

32: M+1lsM

33: gto 10

34: 1-+L; 1M

35: if wW>7;gto 40

36: o+1l-+n

37: gto 10

33:

39:

40: wrt 6,"FILE",F*1

41: wrt 6,A8(1]

42: LoM;lani0-+4

43: fmt 1,2/,5%,"1.0 Ghz--123 w/sgd RADAR XSECLIOW IN sgd=";if 4=l;wrt o.l
44: fmt 2,2/,5%,"1.0 Ghz--64 W/sgM RADAR XSECTION IN sgd=";if M=2;wrt 5.2

45: fmt 3,2/,5%,"1.0 3nz--6.4 wW/sqil RAVAR ASECTION In sgi=";if w=3;wrt 6.3
*3029Y5 .
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fmt 8,5%x,£3.0,10%x,e10.2,7%x,e10.2,5%x,e10.2
5l: wrt 6.8,A,011,M,4),0(2,M,4],Q[3,vi,u]

52: A+45+A;4+1»N

53: if W>8;gto 55

54: gto 51

55: M+1l+M;0+A:)+d

56: if 4>6;gto 53

57: ato 43

58: dso "INSERT 1 GHz SIGIATURE TAPE";sto

59: ent "STORE On WHICd TRACK",Y;if ¥Y>l;ato -0
5U0: trk ¥

6l: ent "STORE I WHICd FILE",Z

62: faf 2

63: rcf 2,a%,33,D{*],Q(*]}

65: wrt 6.9,Z,Y¥;wrt 6;wrt 6
56: "EWD":&sp "IWNSERT 1 GHz RAW DATA TAPE";end
*12984 '

fmt 3,2/,5%,"1.0 Ghz--6.4 .i/sq¥ RADAR XSECTIOW ld sqd
fat 4,2/,5%,"1.0 Gnz-—--.64 W/sq:i RaADAR ASECTION Iu
fmt 5,2/,5%,"1.0 Ghz--,064 w/sqd RADAR XSECTION In sgM=":if 4=5;wrt 0.5
fmt 6,2/,5%,"1.0 Ghz--.0064 wWw/sgd RADAR XSECTLuw Id sgM=";if
frt 7,5x%,"ANGLE",12x," X-¥",14%x,"Y-2",12%,"2~X",/;wrt 5.7

d=3;wrt 5.3
guol=";1f d=d;wrt 6.4

i=6;wrt 5.0

64: fmt 3,5%,"THE aBOVE DATA IS I~ FILE $",1%x,£2.V,5%,"0ny TRACK #",1x,£2.0
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I

: "3 3hz RAW DATA REDUCTIION PROGRAM":

"CUMPUPTES AdD PRINTS SIGIATURE IN sqil AdD SLORES Ol SIGNATURE wATa tAPE":

: ent "WHICA TRACK ON RAW DATA TAPE 2?2",3;if B8>l;gto -0
s trk B

"WwilCd FILE 27?272",F
asf{ls,80}),8%(15,6),0(3,6,3,2]1,Q[(3,6,8]

14

: dim
5: sfg
: dso "CoMPUTING DATA"

+ ldf #,a$,38,D(*]

Je l+Li;lssl;lsii; 1+0
-116.32+4.33*1n(D[L,,4,1})+R
viL,M,d,21+D

R+D-30~+p

tn"(P/10) +Q

(4m) "3%4,427 4K
15%19.35%,0011~Y

K/Y+C

if 1=1;10000+X

if M=2;5000+X

if 1=3;5u0+L

if Y=4;50-X

if u=5;5+X .

if #1=6;.5+X

Q*C/4+Q (L, M,d]

dsp P;dsp "pP=",P

if L>2;gto 238

L+1-+L

gto 10

1-L

if M>5;gto 32

M+1+M

gto 10

1+0;1-M

if nN>7:;gto 38

N+ 1len

gto 10

0

1

2

3:

4: ent
5.

0

7

8

34;
35:
36:
37:
38:
39:
49:
4]1:
42
433

wet 6,"FILE",F*1

wrt 6,AS([1}

l+piy1oN;0+A

fmt 1,2/,5%,"3.0

fmt 2,2/,5%x,"3.0

fmt 3,2/,5%x,"3.0
"3.0
"3.0

Ghz--128 A/saM
Gnz--64 W/sqM

Gnz-=-6.4 W/sqgul
Ghz--.64 W/sqg:
Shz--.064 W/sqgd

44: fat 4,2/,5x,
45: £amt 5,2/,5x,
*21213

RADAR XSECTIuw

RADAR XSECTION In sg.i=";if
RADAR ASECIIOn In sgu=";if

RADAR X3ECIIOw 1IN sgd=";if

RADAR XSECTIOW Iw sgi
In Sq.l':";if L'x=5}Wrt 0.5

Jsl;wrt oLl
=2 WEE J.4
d=dwrt 9.3
sM=4;wrt 6.4

=t if
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46

247

43
49:
50:
51:
52
53:
54:
55:
56:
57:
58:
59:
60:
61:
02:
53:
04:
*324

£at
fat
fat
wrt

0,2/,5%,"3.0 Ghz--,00064 /sdas RADAR X3¢ClIuw la sgud=";if M=o;wrt 6.
7,5%x,"ANGLE",12x," A-¥",14x,"¥Y~2",12%,"2~K",/;wLt 5.7
3d,5%,£3.0,1ux,el0.2,7x,el0.2,5x,el0.2
6.3,A,2(1,M,u0],Q(2,4,3],Q[3,#,u])

A+4522; N+ 1>
if w>»8;gro 53

jgto

49

ML+ 028 1>y
if w>6;9to 56

gto
dsp
ent
trk
ent
fdf
rcf
£at
wrt

41
"IJSERI 3 GHz SIGIATURE fAPE";stp

“STORE Ow WHICH TRACK 22?2",3;if B8>l;gto -J
B

“STORE IN WHICH FILE ?22",2

Z

2,38,88,0(*],0(%]

9,5x,"IdE A30VE DATA IS i4 FILE #",1x,£2.0,5%,"Os IRACK 3#",1x%,£2.v

6.9,%2,3;WwLct 6;wWwrt o

"END":dso “IWSERDI 3 GHz RAW DATA TAP=";end
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"737 Mhz BACKGROUND AVEREGING PGH.":
"AVEREGES sACKGROUND DALA FOR USE Id £ LJAL COMPULATIONS":
£lt 2 ;

ent "FILE ASSOCIATED WITH",A H
dim D{3,5,8,2]);:0+P;0+;0>V;U0+M;0+0;0+3 3
ent "IRRADIATION INT.,l-9:;1=123 etc...",:!
ent “VOLTAGE OUTPUT?,ENLER VO",vV
sfg 14
if V<=7;-106.03+3.921ln(V)*R
i€ v7;1if V<=10;-157.6+429.51n(v)+R
if v>10;-35.1+.46v>R
ant "“PAD SETTING?,EJTER PAL",D i
R+D-330+p 3
tn" (P/10) 0 :
(47) "3%4.,4274+X
16: 11.22%37,.58%,.0134+Y
17: £/¥>C 3

. 0 o0 e (1] (1]
it s e Pk

WCOONGTUILS WO
. .

—
(VO SRS

o
Ut
o0 ..

AL

1 e

18: if M=1;3162+% :
19: if M=2;1581+% :
20: if #=3;153.1-% !
21: if M=4;15.31+X ;

22: if M=5;1.581+X 3
23: 1if 4=6;.1531+X !
24: C*Q/X+5-+S

25: G+1+G;0+T;ent "FINISHED??,EdD 1¥,0T

202 if T4l;gto 7

27: if T=1;5/G+D(1,:,8,2];0+G;0+S

28: if M=6;gto "LIST"

29: if M#d;gto 6

39: “LIST":dsp "TO LIST ON PRINTER PRES3 COulI."
31: sto

32: ort "FILE #",A;spc 2

33: for n=l to 6

34: prt D{l,N,8,2]:s0c 3

35: next o

36: end

*3341




"1Ghz BACKGROJIND AVEREGING 2RJUGRAN":
"AVEREGES BACKGRUUWL wAIA fOR USE 1w FLdAL COMPuLALIUnS":
£lt 2

ent "FILE AS3UCIATEDL «H#I1d",aA
dim vl13,5,8,2];:;0+»2;0+:0+V;uU+M;0+0;0+G
ent "IRRADIATION INT.,l—o;l=128 etC.oe.. ", 0l
ent "VOLTAGE OUTPuT?,EnLER VO",V
sfg 14
if v<=l;gto "LOG"
-116.82+L.15*V>R;gto 12
"LOG":-116.7246.19*1n (V)R
ent "PAD SETTING?,EJTER 2AD",0
R+D~30+P
tn" (P/10)+Q
(41) "3*%4,4274+K
: 31.62*%13.18*%.01»Y
17: K/¥~»C
18: if d=1;3152+X
19: if M=¢;1581+X
20: if =3;158.1+X
21: if MM=4;15.31+X
22¢: if M=5:;1.581+X
23: if M=06;.1581+X
24: C*Q/X+5+5
25: G+1+G;0+T;ent "PINISHED??,ENT 1",T -
20: if T#l:;gto 7
27« if T=1;5/G~0([1,M,8,2]};0+G;0-+S
28: if 4=6;gto "LIZT"
29: if “#6;9to o
JU: "LIST":dsp "TO LIST Od PRINTER PRESS COnT.“
31: stp
32: prt "FILE #",A;spc 2
33: for 4=l to 6
34: prt D[1,5,8,2);s8pc 3
35: next d
36: end
*19038
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0: "3Ghz B3ACKGROUND AVEREGINS PROGRAM":

l: "AVEREGES BACKGROUWD DATA FOR U3E Iu FINAL COMPUIATIONS":

2: f1t 2

3:

4: ent "FfILE ASSOCIATED WITH",A

5¢ dim o0(3,5,8,2);90+2;0+8;0»v;0+:1;0+D;0+3 @
6: ent "IARADSLAIIOw INT.,1-5;1=123 etc...", -
7: ent "VOLTAGE OUTPUI?,ENTER vo',V

8: sfg 14

9: -116.3244.93*%1In(V)+7 ?
19: ent "PAD SETTING?,EJIER PaAp",D

1l: R+p-3u=+P

12: tn"(P/10)+Q

13: (4nm) "3*4,4274+K

14s 15%19.,35*,0013+Y

15: £/Y»C

16: 1if u=1;10000+X
17: 1f M=2:5900+X
13: if =3;500+X E
19: if u=4;5u+X =
20: if M=5;5+4
2l: if :i=6;.5+X
223 C*Q/4+3+3

23: G+1+G:0»T;ent "FINISHED??,ENT 1", 1 *
24: if T4l;gto 7 v
25: if T=1;3/G»D(1,4,3,2];0+G;0+3 .
26: if M=6;9to "LIST" 3
27: if A46;3to 6 B
28: "LIST":dsp "TO LIST Ud PRINIER PRESS COnT." ;
29: sto

30: vrt "FILE #",A;soc 2 :
31: for w=l to & ' ¥
32: prt D{l,d,8,2);spc 3 g
33: next u !
34: end :
*12496 N
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J: "AVEREGIJNGS PRIGRaM IJCORPORATING 3ACKGRUUND CURRECTIOWN":

l: "SUBTRACYS TIE SACKGROUWD AT £ACd POIND ANU Pwritls aVERESSC RUsSULLIS":
2:

EEIEVERVE Y E M \)*4,0*'1

4: ent “'nI CH DATA TAPE?, BENT 1 OR 2",

5: ent "wWiHiCn LRA\..A Su TAPL?Y, 4

6: trk X

7: dia as${l3,39),83(13,9),013,0,3,2},213,0,8},C3([7,40]

8: ent "AHICd FReEQUEWNCY 2",C5(7)

9: ent "WJIlH FILE 2?2°,Y%

10 14f Y¥,AS$,38,0(0%*),910%*)

12: 0+A;U+8;0+2:;940:;9+E; 0+4F 3 0+G; 0+ 0+ 13U+ s 0+L 30+l 040> w; G203 U0
13¢ 9+R;U+5;0+0;0>43;0+2;0»2(1,1,1,1);0>x0

l4: for Z=1 to 9o; u»u[l,a i, L],nexf 4

15 "IJCIpEat PUJPR 153 128 4/squ"+C35({1]

16: "INCIDED POJEA IS 64 w/sgx"+I5[2]

17: "IACIDE:. L POWER IS 6.4 wW/sau"+C§(3]

13: "INCIDENT POWER IS .54 +4/sqit"-» ’5[4]

19: "INCIDESNT POAER I3 .0064 W/saxd"+l$5(3]

23: "INCZIDRNL POWER IS 0064 W/sqx l"*\.S[G

2l: for Z=' co 6

22: ent ©{2,2,1,1}

23: next 2 .
24: for Z=i to 3

25: o[1,5,1,1i+9(L,5,2}+Q(2,5,a]+2(3,5,2]»0(},5,1,1]
2%: D{1,5,1,1}+Q1{1,5,2}+Q(2,5,41+2(3,08,24]»211,6,1,1)]
27: next 2

2o DI1,9.,1,1)/24»0(1,5,1,1}

29: o[l,6,1,1}1/24>D[1,6,1,1)

3¢: 0L11,5,1,1}/0(2,5,1,L)}+0({1,5,1,2]

31: v{l,e,1,1}/0(2,5,1,1}1-D{1,6,1,2]

32: (oil,5,1,21+D[(L,,5,1,2})/2+01(3,3,3,2]

33: for 4i=1 to &

34: dl2,2,1,1}*0(3,3,3,2}»0(3,4,1,1! i
35: next 2 3
36: l-~P i
37: 4
38: for z=1 tc¢ 3 &
35: 2{1,p,2)-0i3,P,1,1]>r0;if rid<0;0+x0 e
10: A+rl-a §

41: 21(2,2,2)-013,2,1,1}»r0;if r0<0;0+1r0
42: B+ri-+3

A3: A123,2,21-D[3,F,1,L}>r0;1if r0<0;0+r0
1ds C+ro=C

45: next 2

45: A/3+A

47: B/8+3

43: C</3-C

49

50: "AVELESS OVER CUILS":

*32525
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51:

for s=1 tc 3

52: .Q[(%,2,11-0(3,P,1,1)»rUsif rou<d;J>rvu

3: DHrd-o
. 54: J12,2,21=-0(3,P,1,1)»rd;if ru<d;0->ry
55: ©+ri-+C
55: O12,2,3}1=-v[3,P,1,1}+c0;if r3<0;0>10
57: rF+r0-F
53: 212,P,4)=-0[3,2,1,1]»r0;if r0<9;d->rd
59: G+r0-»3
60: Q(Z,2,5]1-0(3,P,1,1]+r0;if rd<O;uy+>r0
51: H+ro-d
92 QlZ2,2,5 -v(3,¢,1,1]>x0;1f ru<d;0+r0
63: I+r0-1I
6d: H(2,¢,7]1=-003,P,1,1)>r0;2f r0<d;0>r0
55: J+rG+J
86: 2[z,2,31=-0(3,2,1,1]»r0;if ri<3;J>rU
07: &+r0-+K
63: next %
05: 0/3+»0 .
70: B/3+8
71: F/3»p
723 3/3+G
73: d/3+d
74: 1/3->1
75: J/3+J
76: &/3»K
77:
73: "AVeREGE OVER ALL MEASUREMEATS":
79: for Z=1 to 3
80: Qi{L,P,2]1-01[3,B,1,1)+r0;1if r0<U;U>r0
3l: L+rid-i
: 82: 9i2,P,21-0(3,P,1,1)»x0;if rd<u;3>1r0
33: L+ro-L
dd4: J313,2,21-D[3,P,1,1]»ru;if ro0<9;0~-r0
85: L+rQ-»L
36: next Z
87: L/24+L
88:
3%: “"OVLK ALL STAJNDARD DEVIATION":
S0: for 4=1 Lo 3
91: (Q(l,2,2y-0(3,p,1,L]-L)"2+(312,P,2]-D({3,P,1,1]-L) "2+n
Y2: A+ (A13,7,2)-0(3,P,1,1]-L) "Z>u
33: next 2
94: | (:1/24) +i1
93¢
9 "PRINT STATEME.TS":
97: wrt 6,"cLLe #",¥," ","on IRak " ,&," ","UF PAPE " ,d
93: wit 6,A$([1]
356: wrt 6
100: wrt 6,08[7)," AVEREGES CURREBCIEU & I)x 5ACAGROuwD”
*135u42

o T e e gt kAl gy

iy S aas e B

(SR
b e e
B LBy

3

0 youpnke
O §aknld {'*5.35 Sb{‘;..m’

pRtors

)
e e RN

P e T Al

Ve

4t 1Rl Jat g )
R Y A P

NPy




10Ll: wrt
192: if
lu3s if
104 if
105: if
lo6: if
107: if
103: wrt
1309: fat 4x,"X-Y",4x,e10.2,20x," 0 deg",4x,el0.2

110: fmt 2,4x,"Y¥-4",4x,el0.2,20x," 45 Geg",4x,elV.2

111: £t 3,4x%x,"2-X",4%x,210.2,2U0%," 90 aeg",4x,eld.2

112: fat 4,4%x,37%x,"135 deg",4x,elu.

113: £mt 5,4%x,37%,"L380 deg",dx,eld.2

l14: fmt 6,4%,37x," 225 deg”,4x,el0.2

115: fmt 7,4x%,"AVG. OVERALL",4x,210.2,11%,"270 dey",4x,2810.2
116;: fmt 3,4x,"S.o. UVERALL",4x,el0.2,11x,"315 deg",4x,el0.2
117: wrt 6.1,A,D

113: wrt 6.2,3,E

119: wrt .

120: wrt
121: wrt
122: wct
123: wrt
124: wrt :
125: wrt o;wrt &;wrt d;wrt 6 %
125: P+1l+P;if P<=56;g9to 33
127: wrt 6;wrt o;wrt 6;wrc O6;wrt 6 g
128: gto 9 ;
129: "gND":end :
*30653 ¥
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"DATA AVEREGING PROGRA: WITnUUT B3ACKGRCOUWD CURRECTION":
"AVERLGES SIGWATURSES FROM SECOND DALA TAPE w/0 SJBTRACTIwG BACKGROLJ:HL":
0+V;0+W;0+X;0Y '
ent "WHICh DATA TAFE?, EHT 1 OR 2" ,n
ent "tgdICd TRACK On TAERS?" ,X
trk X
dim As$(15,80],3%([1%,6],0(3,9,8,2},2103,6,8],C5(7,40]
ent "Willu FRLQUENCY 22",CS([7].
ent "WwniCa vILE 22",Y¥Y
laf Y,AS$,38,C(*],Q[*]
O+A; 0+ 0+C 0+ U+E; 0+F 302G 0+h; O+ L 200+ UL 0+ UunnpUsOparp s U2
0+R:0+5: 0+ 0»u30+2
"INCIDENT POwWER IS 128 W/sgi="+»CS(1l]
13: "IJCLDEWL POWEA od w/saM">CS[2]
la: "INCIDENLT POWEK 6.4 W/ saW"»CS(3)
15: "InCIShkwt PUWER .04 vi/soi">C8{ 4]
16: "INCIDENT POWER L0044 w/sci">CS$( 5]
17: "INCIVENT POWEK L0064 \./sct">CS[6)

Nl—‘o" 09 go 0e 8% g9 S0 88 o4 o0

PR WONOWULEWNEO

Fam B o B o B o B ]
v, U U

20: "AVEKeGE UVER ALL MEASUREMENTS":
2l: for 4=1 tc 8

22: L+g(1l,2,2)+2(2,P,2)40(3,P,0]+L
23: next Z

24 L/24+L

26: "OVER ALL 3TANDARD DEVIATICON":

27: for 4=1 to g

28: (Q[1,2,4]-L)"2+(0[2,P,5)-L)"2+(Q[3,2,4]~L) " 2+M
29: next 2

30: vy (M/24)+4

32: "PRIWNT STATEMENTS":

33: wrt 6,"fILE #",Y," ","06 TRAK #",X," ","Of TAPE #",w
34: wrt o0,AS8[1]

35: wrt o i

35: wrt 6,CS[7)," AVEREGES WITHOUT BACKGRJOULL CURRECTION"
37: if P=l;wrt 6,CS$[1]

33: if pP=2;wrt 6,C${2]

39: if pP=3;wrt €,CS[3]

dy: Lif P=4;wrt 6,CS[4]

4l: if P=35;wrt 6,CS{5]

42: 1if P=%;wrt 6,CS[06]

43: wrt o;wit 0

44;: fmt. 7,4%x,"AVG. CVERALL",dx,el0.2
45: rmt 8,4%x,"5.D. CVERALL",dx,el0.2
45 wrt 6.7,L

47; wrt o.8,1

43: wrt 6;wrt 6;wrt S5;wrt o

49; p+lspP;if B<=5;gto 29

50: wrt 6:wrt S:wrt 6;wrt 6;wrt 6
51:

1+p
52: gto §
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