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ABSTRACT 

w Two   Marine  Corps  VHF-FM   radio  equipments are  analyzed  to  determine  the 
constraints to be placed on their use when tactically deployed. The equipments are the 
AN/TRC-166, (AN/PRC-25 Manpack Radio with the AN/PCC-1 four-channel multiplex 
Telegraph-Telephone Terminal Set), and the AN/MRC-109 Vehicle-Mounted Radio Set with 
either the four-channel AN/VCC-1 (AN/MRC-134) or the eight-channel AN/VCC-2 
(AN/MRC-135) multiplex Telegraph-Telephone Terminal Sets. Procedures that incorporate 
knowledge of terrain, path loss and frequency-distance separation criteria, are developed to 
assist communicators in the selection of frequencies for operation of AN/MRC-134/135 and 
AN/TRC-166 VHF-FM radios in the field. 
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SECTION 1 

INTRODUCTION 

BACKGROUND 

As reported in Reference 1, ECAC previously analyzed the AN/MRC-109 
vehicle-mounted VHF/FM multiplex radio equipments (AN/MRC-134 and 
AN/MRC-135), in representative field configurations, to determine what EMC 
considerations should be observed in their operation. That analysis was based on the 
assumed reception of desired signals at a level corresponding to a receiver input 
signal-to-sensitivity (S/RJ ratio of 3dB and an output signal-plus-noise-to-noise 
(S + N)/N ratio of approximately 13 dB. The S/R$ value of 3dB assumes a very low 
ambient noise level such as might be available in a laboratory. Under conditions at, 
say, a command post in the field the ambient noise level is likely to be much 
higher. The 3 dB criterion, therefore, was marginal. Because the previous analysis was 
based on the assumed reception of marginal desired signals, considerable receiver 
protection was required. Consequently, the calculated guardbands were wide and the 
list of denied frequencies was long. 

In the marginal signal case, the primary interference mechanism requiring the 
wide guardbands was adjacent band signal interactions. The magnitude of the 
guardband constraints led to a desire to determine the effect of larger cosite 
separation distances and stronger desired signals. 

In the interest of flexibility, the Commandant, U.S. Marine Corps (CMC) 
requested (Reference2) an additional analysis of the AN/MRC-134/135 equipments 
under conditions involving stronger signals (greater than 3 dB), and requested 
inclusion of the AN/TRC-166 manpack radio in the analysis. CMC requested that 
the analysis relate propagation path length and terrain features to various 
signal-to-noise ratios. 

CMC further requested that the results be presented in a form that would be 
easily understood by field personnel. Signal-to-noise ratios, for example, should be 
related to marginal, medium and strong signal operating conditions, appropriately 
defined. 

1-1 
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OBJECTIVES 

The objectives of this analysis were to: 

1. Provide the U.S. Marine Corps with frequency and distance separation 
criteria, related to specific signal-to-noise ratios, for the operation of AN/TRC-166 
Manpack  Radios and AN/MRC-134/135* vehicle-mounted VHF/FM equipments. 

2. Provide propagation charts for estimating desired signal levels, as a 
function of distance and soil condition, over various types of terrain including jungle 
canopy. 

APPROACH 

Preliminary to analysis, the detailed electrical characteristics of the equipment 
under study were collected. Most of the data on the AN/MRC-134/135 
vehicle-mounted equipment were obtained from documentation of previous work 
(Reference 1). As part of this project, the AN/MRC-134/135 receivers were examined 
to determine the effect of stronger desired signals (input S/R$ ratios of 15 dB and 
25 dB) on spurious responses. Spurious emission and response data for the 
AN/PRC-25 radio (the basic equipment in the AN/TRC-166 configuration) were 
obtained by averaging values extracted from spectrum signatures on four separate 
equipment samples (References3, 4, 5 and 6). Other data on the AN/TRC-166 were 
measured by ECAC. 

With these data as inputs, specific antenna and equipment configurations were 
analyzed using a computer routine that produces Mutual Interference (Ml) Tables. 
The Ml Table program calculates guardbands which should be observed to minimize 
the mutual interference between the equipments considered. Additional frequencies 
that should not be used by collocated transmitters if spurious emissions and 
responses are to be avoided are also calculated. 

The performance of the Ml Table program, in making predictions with respect 
to the operation of the AN/MRC-134/135 configurations, was previously verified 
through comparison with measured data, and the results were reported in 
Reference 1. As part of this project the results of the AN/TRC-166 analysis were 
also   verified   by   comparing   the   predictions   with   measured   data.   The   guardband 

The   AN/MRC-134   equipment   I*   configured   with   the   AN/VCC-1   terminal;   with   the  AN/VCC-2   terminel,   It   is 
designated  the AN/MRC-136. 

1-2 
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2. At a specific frequency separation, the interfering signal was fed from 
an AN/PRC-77 transmitter through a variable attenuator to the receiver. The 
interfering power level was increased until the output (S+I + N)/(l + N) ratio 

dropped to 10 dB. 
3. The interference signal power was recorded. 
4. Steps 1, 2, and 3 were repeated at several frequency separations. 

Figure I-2 contains OFR curves for the low band case (fo = 39.9 MHz). Three 
curves are shown for three uses of the diplexer, as indicated. 

SPURIOUS FREQUENCY SPOT CHECKS 

Spurious responses, predicted by the Mutual Interference (Ml) Table program 
for the AN/TRC-166 equipment in both high and low operating bands, were 
spot-checked by laboratory measurements using the set up shown in Figure I-3. A 
noise-modulated AN/PRC-77 transmitter (Output power = 37 dBm), attenuated 40 dB 
by a diplexer, was used as the interfering signal source. 

TABLES 1-1 through I-7 contain the measured results for seven different 
receiver tuned frequencies. At each receiver tuned frequency, several undesired signal 
frequencies were chosen, corresponding to the frequencies that the Ml Table program 
predicted would evoke a spurious response. At each interfering signal frequency three 
desired signal levels were used (S/Rj ratios of 3, 15 and 25 dB). In the last three 
columns of each table, an "X" indicates that the desired signal was obliterated by 
the interfering signal. A blank signifies that the level of the interfering signal at the 
frequency indicated was not high enough to reduce the (S + I + N)/(l + N) output 
ratio to 10 dB. In marginal cases, the actual (S + I + N)/(l + N) ratio is i idicated in 
parentheses. 

ADJACENT GUARDBAND SPOT CHECKS 

The Ml Table program predictions of adjacent signal guardbands for the 
AN/TRC-166 equipment were spot-checked in the field, using the measurement set 
up shown in Figure I-4. The guardbands, as predicted, provide protection not only 
against adjacent signal phenomena, but also against spurious emissions and spurious 
responses that are close to the receiver tuned frequency. 

I-3 
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SECTION 2 

RESULTS, CONCLUSIONS, RECOMMENDATIONS 

RESULTS 

1. A procedure for determining the frequency separation necessary for the 
successful operation of collocated AN/MRC-134/135 and AN/TRC-166 equipment is 
provided in APPENDIX III. The procedure involves a coarse determination of 
expected desired signal power levels and the application of frequency and distance 
separation criteria. Curves for those purposes are provided. The procedure is intended 
for use by communicators in the field. 

2. A Mutual Interference (Ml) Table for operation of AN/TRC-166 
equipment under marginal signal conditions is provided in APPENDIX II. Assuming 
that the guardbands necessary to avoid adjacent signal problems are observed, the Ml 
Table lists additional transmitter frequencies that may result in spurious interactions 
for each receiver tuned frequency tabulated. 

3. A circular nomogram for determining frequencies that may result in 
spurious interactions in AN/MRC-134/135 equipment, under medium and strong 
signal conditions, is presented in APPENDIX II, along with instructions for its use. 

CONCLUSIONS 

1. The F/D curves in this report take into account weak, medium and 
strong signal environments and permit operation of AN/MRC-134/135 equipments 
with narrower guardband restrictions than were recommended in Reference 1 for the 
marginal signal strength case. 

2. Guardband restrictions can be reduced as the strength of the desired 
signal and the cosite distance between antennas increases. (In this regard, the desired 
signal path loss calculations herein are based on a statistical analysis of randomly 
sited transmitter and receiver antennas.) By locating antennas at different elevations 
and on opposite sides of natural obstructions such as hills and ridges, equipment 
performance can be improved with respect to both the desired signal path and the 
collocated coupling situation. 

2-1 
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3. Any placement of AN/MRC-134/135 or AN/TRC-166 equipment that 
results in less than 100 dB of propagation loss over the desired signal path between 
transmitter and receiver antennas (see Figures 111-3 through 111-21) will result in 
signal strengths adequate for good communications. 

4. Cross polarization of antennas provides a degree of protection against 
interference in the cosite case. 

5. If cross polarization is not feasible in the case of collocated 
log-periodic antennas, horizontal polarization provides more isolation than vertical 
polarization. 

RECOMMENDATIONS 

It is recommended that: 

1. The procedures in APPENDIX III be followed when siting 
AN/MRC-134/135 and AN/TRC-166 equipments and their components. 

2. Diplexer/duplexer units be employed when locating VHF antennas 
within 50 feet of each other. 

2-2 
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SECTION 3 

ANALYSIS 

EQUIPMENT DESCRIPTION 

The equipments for which mutual interference criteria are to be established are 
the AN/TRC-166 VHF-FM radio set and the AN/MRC-134/135 vehicle-mounted 
VHF-FM radio set. 

The AN/TRC-166 consists of two AN/PRC-25 Radio sets operating with an 
AN/PCC-1 full duplex, four-channel, multiplex unit and either a Log Periodic 
Antenna (LPA), or two whip antennas. With the 75 foot cables provided, the whip 
antennas can be separated by as much as 150 feet. 

The AN/MRC-134/135 vehicle-mounted radio set consists of the RT-524 
transmitter and the R-422 receiver, operating with either of two full-duplex 
multiplex units (the AN/VCC-1 with four-channels or the AN/VCC-2 with eight 
channels). Two log periodic antennas are provided. Both can be operated 
simultaneously without a diplexer/duplexer, or one of them can operate as a 
common antenna with a diplexer/duplexer. 

Block diagrams of the AN/TRC-166 and AN/MRC-134/135 configurations 
analyzed in this report are shown in Figure 3-1. 

PROCEDURE 

The characteristics of the AN/TRC-166 equipment were measured in the 
laboratory and compared with calculated guardband requirements predicted by a 
mutual interference computer program. Mutual Interference Tables for conservative 
protection criteria were prepared. The predicted guardband requirements were 
spot-checked against measurements performed on AN/TRC-166 equipment under 
appropriate siting conditions in the field. Detailed information on the AN/TRC-166 
measurements program is contained in APPENDIX I. 

The AN/MRC-134/135 guardband requirements and denied frequencies reported 
in Reference 1 were originally calculated for marginal desired signal levels. The 

guardband requirements were recalculated in this analysis for the medium and strong 
desired signal cases, and frequency-distance curves reflecting the guardband 
requirements for all three signal strengths were prepared. 

3-1 
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For several types of terrain and soil conditions and several equipment 
configurations, curves showing propagation path loss versus path length were also 

prepared. 

Procedures that provide for the use of signal strength information and 
guardband requirements (as a function of signal strength) were formulated to assist 
field personnel in siting AN/TRC-166 and AN/MRC-134/135 communications 
equipment. 

CONFIGURATION VARIATIONS 

The equipment configurations shown in Figure 3-1 are representative of VHF-FM 
communications usage in the field. Two identical AN/TRC-166 sets were evaluated in 
a collocated situation with antenna separation distances of 25, 50 and 150 feet. The 
whip-to-whip case and the case of an LPA operating with a diplexer/duplexer were 
both examined. 

Two identical AN/MRC-135 sets were also examined in a cosite situation, and 
again the antenna separation distances evaluated were 25, 50 and 150 feet. The 
LPA-to-LPA case was evaluated for both horizontal and vertical polarization, and the 
case of the LPA with a common diplexer/duplexer arrangement was included. 

The maximum distance between antennas in the collocated situation (150 feet) 
is dictated by the 75 foot length of the cables servicing the antennas. The minimum 
practicable siting separation is 25 feet. The 50 foot separation distance was chosen 
as being representative of the average condition in the field. 

Calculations were made for the equipment type, signal strength and separation 
distance combinations in TABLE 3-1. 

MUTUAL INTERFERENCE CALCULATION 

Basically the Mutual Interference "Table" (Ml Table) is a condensation of the 
more familiar mutual interference "chart", which arrays all transmitter and receiver 
frequencies as coordinates of a graph, and designates unusable combinations with an 
"X" or other appropriate symbol. As a practical matter the "chart" is cumbersome 
because of the large number of frequency channels to be accommodated on such a 
graph: 920 points both horizontally and vertically. In effect the Table retains the 
vertical ordinate of the chart by listing the receiver frequencies in the left-hand 
column on a succession of pages; the horizontal dimension is collapsed to reasonable 
size by listing only those transmitter frequencies that are denied. 

3-3 
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TABLE 3-1 

EQUIPMENT, DISTANCE AND SIGNAL-TO-SENSITIVITY RATIOS 
FOR MUTUAL INTERFERENCE CALCULATION 

Transmitter 
Equipment, 

Antenna 
and Polarization 

Receiver 
Equipment, 

Antenna 
and Polarizetton 

Signal-To- 
Seniitlvlty 

Ratio    (dB) 

Separation 
Distance 

(Ft.) Remerkt 

AN/TRC 166 
WHIP (VERT) 

AN/TRC-166 
WHIP (VERT) 

3 25 
50 

150 

15 25 
50 

150 

25 25 
50 

150 

3 Same set Diplexer 

16 Same set Diplexer 

25 Same set Diplexer 

AN/MRC-134 
LPA (HOR & VERT) 
AN/VCC-1 

AN/MRC-134 
LPA (HOR & VERT) 
AN/VCC-1 

3 25 
50 

1SO 

15 25 
60 

150 

25 25 
60 

160 

• 

3 Seme set Diplexer 

15 Same set Diplexer 

25 Same set Diplexer 

AN/MRC-135 
LPA (VERT & HOR) 
AN/VCC-2 

AN/MRC-135 
LPA (VERT & HOR) 
AN/VCC-2 

3 26 
60 

150 

15 25 
60 

160 

28 26 
60 

160 

3 Same set Diplexer 

15 Same set Diplexer 

26 Same set Diplexer 

3-4 
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The ECAC Ml Table computer program is described in Reference 1. Inputs to 
the program include antenna characteristics, path loss, input signal-to-noise ratio, 
transmitter emission spectra, receiver selectivity data and operating frequencies. Cosite 
coupling loss values were calculated using the program in Reference 8. The coupling 
loss values are mean values determined under matched receiver, transmitter, and 
antenna impedance conditions. The standard deviations for each of the antenna 
configurations considered in this study are provided in TABLE 3-2. 

TABLE 3-2 

STANDARD DEVIATION OF COSITE COUPLING  LOSS 
VALUES FOR DIFFERENT ANTENNA CONFIGURATIONS 

Antenna Standard Deviation 
(dB) Transmitter Receiver 

Whip 

LPA(HOR.) 

LPA-<VERT.) 

Whip 

LPA(HOR.) 

LPAIVERT.) 

5.9 

7.9 

5.0 

In working with the antenna configurations in the Table, small differences in 
coupling loss values can be expected for individual cases, and the effects of adjacent 
signal and spurious interactions in each case will, accordingly, vary slightly. 

A Mutual Interference Table for the operation of two cosited AN/TRC-166 
equipments, with marginal desired signal power, is presented in APPENDIX II. The 
calculations were based on the whip-to-whip antenna configuration (with AN/PCC-1 
multiplexers, but no diplexers). The results in APPENDIX II were verified through 
spot check measurements as described in APPENDIX I. 

A comparison of spot measured and predicted adjacent signal guardbands for 
two collocated AN/TRC-166 equipments is presented in TABLE 3-3. These 
measurements are consistent with the large volume of verification data contained in 
Reference 1. 

3-5 
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TABLE 3-3 

COMPARISON OF MEASURED AND PREDICTED 
GUARDBANDS FOR AN/TRC-166 OPERATION 

(DISTANCE SEPARATION 25 FT.) 

Band of 
Operation 

Input 
S/N (dB) 

Adjacent Signal Guardband (MHz) 

Predicted 
Maximum 

Spot Measurement 

LOW 
3 

15 
25 

5.65 
2.95 
1.8 

3.25 
1.88 
1.3 

HIGH 
3 

15 
25 

4.5 
2.2 
1.45 

3.2 
1.0 
1.0 

PATH  LOSS CALCULATION 

The models used to develop the propagation curves presented in APPENDIX III 
are described in detail in References 9, 10 and 11. The Longley-Rice model 
(Reference 9) calculates median transmission path loss values, as a function of path 
distance, for a large area surrounding a receiver. The path loss values calculated by 
the model for path lengths up to 40 km agree closely with measured all year 
median path loss values for similar path lengths. The model assumes that path loss 
values (dB) are normally distributed about the median, with a maximum standard 
deviation of 10 dB. The standard deviation for a given case is a function of 
frequency, distance, and terrain type. Minimum monthly mean values of surface 
refractivity are assumed. 

The jungle propagation model derived in References 10 and 11 is a theoretical, 
slab-type model. Although it has been validated only for flat jungle terrain in 
Thailand (as reported in Reference 12), this model is considered to be the best 
available tool for calculating path loss in heavily forested environments. Its 
predictions agree closely with the short distance ground and sky wave propagation 
charts used successfully in the field by the U.S. Army Strategic Communications 
Command. However, the precise degree of confidence that can be placed in its 
predictions for varying terrain elevations and path lengths is unknown. 

3-6 
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Input information required for the propagation models includes terrain type and 
terrain roughness. The various terrain types and soil conditions were categorized as 
in TABLE 1-1. The appropriate propagation model for each terrain category was 
used to calculate path loss as a function of path length for a variety of equipment 
configurations. The basic transmission path loss curves in APPENDIX III were plotted 
for frequencies of 47.75 MHz and 76 MHz. These frequencies were chosen because 
the propagation loss is greatest at the upper ends of the two operating bands. 

FREQUENCY-DISTANCE SEPARATION 

The amount of adjacent signal guardband protection a receiver requires in a 
cosite situation is a function of desired signal strength. With respect to a given 
communications path, desired signal strength, in turn, is a function of the distance 
between the desired signal transmitter and the receiver. The distance between the 
cosited interfering transmitter and the receiver can be plotted against the amount of 
guardband protection required if the desired signal strength is known. When this is 
done for three different desired signal levels (input S/Rs ratios of 3, 15 and 25 dB, 
corresponding to marginal, medium and strong signal cases, respectively), the results 
are frequency-distance (F-D) separation curves such as those in APPENDIX III. The 
curves are for application when communicating between AN/TRC-166 equipments or 
between AN/MRC-134/135 equipments, as indicated. Curves are provided for various 
combinations of equipment, multiplexer, antenna polarization and band of operation. 
The division lines between the sections of the curves represent the points at which 
the output (S + I + N)/(l + N) ratio  dropped to 10 dB. 

FIELD OPERATING PROCEDURES 

The most important consideration in establishing VHF communications in the 
field is to ensure that adjacent signal interference is avoided by observing the 
necessary guardband. If this can be done, interference-free communications will be 
possible most of the time. 

Even greater reliability can be assured by avoiding operation of transmitters on 
the "denied frequencies" listed in the Mutual Interference Tables but, for rapid field 
use, the simplest way is to start by avoiding the adjacent signal problem. 

The ingredients for solution are knowledge of path loss (and, therefore, of 
desired signal strength), and application of appropriate frequency-distance separation 
criteria to determine the guardband required for receiver protection. To this end, the 
procedures in APPENDIX III were developed. 

3-7/3-8 
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APPENDIX I 

AN/TRC-166 MEASUREMENT PROGRAM 

GENERAL 

Three kinds of measurement information were obtained with respect to the 
AN/TRC-166 equipment. First, the characteristics of the receiver in rejecting 
undesired signals near tuned frequency (adjacent signal phenomena) were examined in 
the laboratory. The data thus obtained were used as input information to the 
Mutual Interference Table program that produced the Mutual Interference Tables and 
the guardband required for the AN/TRC-166 equipment. Second, the spurious 
interaction predictions were spot checked in the laboratory in closed system (direct 
signal input-no antenna) tests. Finally, the guardband predictions were spot checked 
in the field using an open system (signal input via antenna) test setup. 

ADJACENT SIGNAL CHARACTERISTICS 

The test setup used to determine adjacent signal characteristics is depicted in 
Figure 1-1. Two types of adjacent signal phenomena were examined viz.: 

1. Off-frequency Rejection (OFR) provided by the receiver to transmitter 
fundamental power, or receiver response as a function of transmitter tuned 
frequency. (In this case the diplexer is notched to the receiver tuned frequency.) 

2. The response of the receiver to transmitter noise and sideband 
emissions, also as a function of transmitter fundamental frequency. (In this case the 
diplexer is notched at the transmitter frequency.) 

The adjacent signal measurements were obtained with respect to two receiver 
tuned frequencies, one each in the high and low operating bands (63.5 MHz and 
39.9 MHz, respectively). 

Both with and without the diplexer, the adjacent signal measurement procedure 
was essentially as follows: 

1. The desired signal was fed into the receiver (with MUX) from a 
variable output signal generator and the level was adjusted until an output (S + N)/N 
ratio of 13 dB (corresponding to input S/Rf level of 3 dB) was observed by taking 
the difference in "set level" and "distortion level" readings on the HP 330 
distortion analyzer display. 

1-1 
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2. At a specific frequency separation, the interfering signal was fed from 
an AN/PRC-77 transmitter through a variable attenuator to the receiver. The 
interfering power level was increased until the output (S + I + N)/(l + N) ratio 
dropped to 10 dB. 

3. The interference signal power was recorded. 
4. Steps 1, 2, and 3 were repeated at several frequency separations. 

Figure I-2 contains OFR curves for the low band case (fo = 39.9 MHz). Three 
curves are shown for three uses of the diplexer, as indicated. 

SPURIOUS FREQUENCY SPOT CHECKS 

Spurious responses, predicted by the Mutual Interference (Ml) Table program 
for the AN/TRC-166 equipment in both high and low operating bands, were 
spot-checked by laboratory measurements using the set up shown in Figure I-3. A 
noise-modulated AN/PRC-77 transmitter (Output power = 37 dBm), attenuated 40 dB 
by a diplexer, was used as the interfering signal source. 

TABLES 1-1 through I-7 contain the measured results for seven different 
receiver tuned frequencies. At each receiver tuned frequency, several undesired signal 
frequencies were chosen, corresponding to the frequencies that the Ml Table program 
predicted would evoke a spurious response. At each interfering signal frequency three 
desired signal levels were used (S/Rs ratios of 3, 15 and 25 dB). In the last three 
columns of each table, an "X" indicates that the desired signal was obliterated by 
the interfering signal. A blank signifies that the level of the interfering signal at the 
frequency indicated was not high enough to reduce the (S + I + N)/(l + N) output 
ratio to 10 dB. In marginal cases, the actual (S + I + N)/(l + N) ratio is indicated in 
parentheses. 

ADJACENT GUARDBAND SPOT CHECKS 

The Ml Table program predictions of adjacent signal guardbands for the 
AN/TRC-166 equipment were spot-checked in the field, using the measurement set 
up shown in Figure I-4. The guardbands, as predicted, provide protection not only 
against adjacent signal phenomena, but also against spurious emissions and spurious 
responses that are close to the receiver tuned frequency. 

I-3 
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TABLE 1-1 

AN/TRC-166 VALIDATION MEASUREMENT RESULTS 

Rx Tuned Frequency = 40 MHz 
Interfering Signal Strength = - 3 dBm 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/Rs 

(MHz) 3dB 15 dB 25 dB 

31.45 
32.40 X(10) 
36.20 X X(10) 
36.25 X (11) 
37.15 X(9) 
37.20 X(10) 
42.30 X(7) 
42.90 X(10) 
43.10 X(10) 
43.45 
47.65 X (8.5) 
48.65 X (8.5) 
48.85 X(7) 
51.45 X(7) 
51.55 X(9) 
54.60 
60.40 
62.90 
63.10 (10.5) 
74.60 
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TABLE 1-2 

MUX SITING VALIDATION MEASUREMENT RESULTS 

R   Tuned Frequency = 46 MHz 
Interfering Signal Strength = -3 dB 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/R$ 

(MHz) 3dB 15 dB 25 dB 

30.60 
34.15 
34.40 
34.45 
34.55 
38.25 X 
40.20 X 
42.10 X X(10) 
43.40 X X 
48.25 X X(8) 
48.85 X X(9) 
51.65 X(5) 
51.85 X(6) 
53.65 X X 
57.45 
57.55 X(7) 
57.60 X(7) 
63.40 X(9) 
68.90 
69.10 
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TABLE 1-3 

MUX SITING VALIDATION MEASUREMENTS 

Rx Tuned Frequency = 48.75 MHz 
Interfering Signal Strength = —3 dBm 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/R 

(MHz) 3dB 16 dB 25 dB 

30.1 X X(9) 
31.4 
31.5 
35.35 
35.85 X 
37.3 X(7) 
39.15 X(9) 
41.55 X(9) 
43.95 X(8) 
45.55 
51.25 X(9) 
52.25 X(7) 
53.00 X(10) 
53.25 X(6) 
56.4 X(10) 
59.00 X(6) 

60.2 
60.3 
64.75 
71.65 -,! 
71.85 
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TABLE 14 

MUX SITING VALIDATION MEASUREMENTS 

Rx Tuned Frequency = 54 MHz 
Interfering Signal Strength = —3 dBm 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/R$ 

(MHz) 3dB 15 dB 25 dB 

30.9 
31.1 
32.7 X(10) 
33.25 X(9) 
36.7 
37.1 
38.45 
40.9 
42.55 
44.2 
46.3 
48.2 
48.65 
49.9 
50.2 
51.45 
52.1 X(10) 
55.85 X(5) 
55.95 X(7) 
56.25 X X X 
56.35 X(7) 
57.15 
57.9 
60.45 
61.6 
65.45 
65.55 
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TABLE 1-5 

MUX SITING VALIDATION MEASUREMENTS 

Rx Tuned Frequency = 57.5 MHz 
Interfering Signal Strength = —3 dBm 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/R$ 

(MHz) 3dB 15 dB 25 dB 

30.6 
34.4 X(9) 
34.45 X(8) 
34.6 X(5) 
38.25 
40.2 
42.05 
45.95 
46.05 
49.8 X 
51.65 X 
51.75 X 
52.85 X 
54.00 X 
54.55 X 
54.9 X 
55.55 X(10) 
56.1 X 
59.35 X 
60.0 X 
60.35 X • 
60.75 X (8.5) 
60.9 
62.05 X(10) 
63.15 
63.35 
68.95 
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TABLE 1-6 

MUX SITING VALIDATION MEASUREMENTS 

Rx Tuned Frequency = 67.5 MHz 
Interfering Signal Strength = —3 dB 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/Rs 

(MHz) 3dB 15 dB 25 dB 

33.15 X 
33.7 X X 
33.75 X X X 
33.8 X X X(8) 
33.95 X 
37.75 X X X 
39.45 X 
41.6 X 
44.4 X 
44.6 X 
45.2 X(6) 
45.4 X(10) 
50.2 
50.9 
55.95 
56.85 X X X 
59.8 X 
61.75 X X X 
62.6 X X X 
63.35 X X X 
63.45 X X X 
64.4 X X 
64.8 X X 
65.6 X X(5) 
66.00 X X(10) 
69.45 X X 
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TABLE 1-7 

MUX SITING VALIDATION MEASUREMENTS 

Rx Tuned Frequency = 69 MHz 
Interfering Signal Strength • —3 dB 
X = 10 dB or less (S + I + N)/(l + N), or intolerable interference 

Interference Desired Signal Power Above 
Frequency Sensitivity, S/Rs 

(MHz) 3dB 15 dB 25 dB 

34.45 X X X 
34.5 X X X 
34.55 X X X 
34.65 X X X 
38.25 X X X 
40.2 X 
42.1 X 
45.9 X(7) 
45.95 X(7) 
46.1 X(9) 
51.65 X(10) 
51.7 X(10) 
57.45 X 
57.6 
61.3 X X X 
63.25 X X X 
63.35 X X X 
64.35 X X X 
65.1 X X X(10) 
66.65 X X 
71.25 X X 
71.5 X X(7> 
72.75 X X X(6) 
73.55 X X 
74.7 X X X(10) 
74.9 X 
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The measurement procedures were similar to those used in the laboratory to 
check spurious responses, with two significant differences: 

1. Signals   were   fed   to   the   receiver   through   its   normal   antenna   (open 
system), and 

2. The interfering signal source was an unmodulated carrier. 

As in the case of the spurious response checks, three levels of desired signal 
were checked in each case, corresponding to input S/R ratios of 3, 15 and 25 dB. 
The guardbands boundaries were established where the output (S + I + N)/(l + N) 
ratios dropped to 10 dB. For this condition, the desired and undesired signal levels 
were approximately equal in the passband of the receiver. 

Predicted guardbands were spot-checked with measurements for three frequencies 
in the low band and three frequencies in the high band. Three signal levels (S/R • 
3dB, 15 dB and 25 dB) were checked at each frequency. In all cases the 
measurements were inside of the guardband limits. 

Figures I-5 through 1-12 are plots of receiver output (S + I + N)/(l + N) ratio 
versus interference frequency separation for three levels of desired signal. The 
discontinuities in the curves on both sides of the receiver tuned frequency, are the 
result of strong nearby spurious emissions and responses. 

1-14 
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APPENDIX II 

AN/TRC-166 MUTUAL INTERFERENCE TABLE AND 
AN/MRC-134/135 SPURIOUS INTERACTION NOMOGRAM 

AN/TRC-166 MUTUAL INTERFERENCE TABLE 

The Mutual Interference Table in this appendix (TABLE 11-1) is for use when 
two or more AN/TRC-166 transceivers are operated simultaneously in a cosited 
situation. The most important aspect of choosing frequencies for operating the 
AN/TRC-166 in a cosited situation is the observance of appropriate guardbands to 
avoid adjacent signal phenomena (see APPENDIX III). For each receiver tuned 
frequency, the mutual interference chart identifies additonal transmitter frequencies, 
outside of the appropriate guardbands, that should be avoided if interference 
continues after the guardbands are applied. 

The accompanying Ml Table is based on conservative criteria, in that marginal 
desired signal levels are assumed. Specifically, all calculations are based on an input 
signal-to-receiver sensitivity (S/R )  ratio of 3 dB. 

To use the Table, simply look up the tuned frequency of the receiver in the 
left hand column and read across to identify transmitter frequencies that should not 
be used. The Table heading is self-explanatory. 

AN/MRC-134/135 SPURIOUS RESPONSE NOMOGRAM 

Background 

The 24 AN/MRC-134/135 Mutual Interference Tables that were provided to the 
Marine Corps previously as part of Reference 1 were calculated for marginal desired 
signal conditions (S/R$ = 3 dB). As part of this project, the spurious responses in the 
AN/MRC-134/135 receivers were examined to determine the effect of stronger 
desired signals. Accordingly, input S/Rf ratios of 15 dB (medium strength signals) 
and 25 dB (strong signals) were used. 

As might be expected, most of the frequencies that were denied to a 
collocated transmitter under marginal desired signal conditions were usable when the 
desired   signals   were   of   medium   strength   or  stronger.   The   denied   frequency   list 

11-1 



ESD-TR-72-011 Appendix 

*      u 

LU 

CO 
»— < 
— K 
LU 
_l 

UJ 
o 

m <£. 
< LU 

LU 
LL 
CC 
LU 

< 

3 

u 

< 

can QiAOiAOiAoiADiiiojioiflojiaiflojioi'i   ^ 

TTT » #• T  r *- a* in J» »n >A JI ^ JI i< ii J> n JI >n jt JI in JI 

ao iflkfl a 3 jirf) 9 OLA JI OOJIIA ooin/nijiin  n 
rr T  »   J\    I\   J\   JI   •*    44   4NNKN*a«U>»>|i»    a 

JWI if JI ifl  .n   A /i   n   Ji JI   Ji JI JI j> JI j»   y>  ,r   -n    r    n   n  ,n   -o 
JUi J» j»  j»    fl  JI  JI  JI    Jlil   iflJtjtjiiAjljtiAJtJt    />   n  i/>    n 

QA O i/i   OiA   QiAO   ilO   IAOIAOIAOIA   3 lit   O   JI   O JI   O 
— *« r^ -i   -i   *•   *• ifl   J> -*   •• f^ •- « a» ••   o-   on - -NN  m 

f<v* ••» »»i f* ei f«t *•» «  n*n fl'-it-ii-i***'"**'!*-*- »•  T r »•  *• 
JM JI JI JI  .1  JI J» JI   Ji JI   JI  Jt JI Jt >Ti JI JI   JI JI   JI  Ji  JI  JI   JI 

UA OIAOIAOIA3IAOJ)3IAOIAOJI   3JI  O J»  OiA   n 
o*> CJ o  —  — <M *•* »•*   "1 *-    T  Ji Ji  4>  -•  ^  f-   to cc   t>   r>   oO-> 

O#M nrtflnnnn <^#«»  -i <n ^ ^ --» -1 ^ nrt i *•! »- a- »• 
JUI JIJIJIJIIAJIIA  JiLAJiJiJijiJiLnjiJiJiui   A JI Jt JI 

IAO »/i o tft o j> OIA Otfi otfinm oji o m (i in TLA O JI 
-»- o o »  (-  m • f-   ** *  4 JIJI r  a-»«i«"ir*f>t-*— oOo^ 
no Da» *••>•>•>   •- »   •>»»»»•»»•  »»•»•»»•»  a 
tAft l/l Ml T  ir   »  » r   *"»•   W  *  9  W   *  *   W   T   T   T   T  »   »   T 

JWI OOiAuloOtfl    JtO   DJI ifl  a   OiA   JI    J  J JI   J\ T  Tl  JI 
«« KNNh«   ••   •«•    •»••»•   OOOO—  —   —   — r*   <•*   >« 

r»-» <•> -> o   r-i  -i -i ->   m<n   'i ~\ n r   *  T   T   r  a-   J"»-#   »-r 
rar *"••»» a* r •" #   ** a-   t^ r r »• »* »  »   r r  T   »•»•*-  r 

Jio * o ift C) til O *   OiA   OJI nji  OJI  O Jin JI  HJI  o ,n 
«WI J<-«4r-K««4'»'     •o--NN^l-l»     T    J1jl-fl« 

*•»• r «• # »• » *r »   rr  a-rarrrrrrrara-rr*- 

an IAOOIAJI^C IAIA   ciojijioninjirnAjjni 
•4> •'OOOO--* -*— i ** *t *4 «*i« m »•» r »• T T J\ j\ 

»•*- f- ••«••• m  mm  •••**•• a« •) a • a a 
r-M -i fi n  -. -i n ->   .-> -,   ^1^-,^-,^-,-^-,*1^_,_1_1 

aa JI J* JI cm out JI JI  a O 3 JI JI JI OOOJIJIIA 00 
*>•> •••»'CloOQDO-««--«NNNiNM(y1rt 

MM <**i *4 m ** ** m  **i*  m(nfiminn<n',»rtrtn«n 
r»» <tnnKim«nn ^« *nrtrti«i««»n«^'*i«*n»^n 

dO * Ji   3  9 JI  JliA    Orfl   JIOOi/irflTTOJI   3  o JI  JI   o 
|>W "••! rt  -i ^»  -1 o   r«»   r ji tfl j)  jm ^   «4  N^K N   B 

r*M NNN'INNN    N«|    N  N   NN    •< N   N   N  N   N   N N   N   r, 
^*-» «« o *•! -1 »i ^   f^n   nnnn  nrtn  in«iifln 

1AO Otfi  QOJJODIAO   0iKO34lO0iAOOiA0OtA 
«W (AJI444NK   N*   «*»»l>0OO-«^A|Alf| 
• •     •••»•••    ••     •••••••    ••••>••• 

*** *»« «***I«*I***  *"•«  ^rt^^rtrt«f-irtrt^r>«rt 

GW C*JU*O*Q«O# O* O-o-  •••  0*0*  a 
00 —— *• MM «»   «r«   «««^*>-ai««»4>   o O — — N 

as 00 o o o o a On •••BO 00 •o» — —— — — 

II 2 



ESD-TR-72-011 Appendix 

•n j% o 
•> o — • •   • 
m m  -• 

iil  O  O iA   O 

lA^I-*    * «    *   -««   -• 

I m   OIAOID   OO  I 

tn om  OiAOiaOiArfiiflOootfl oo 

•o * 

« in 

«i *m p- f* i 

Oin  IAIAOOIDIA   OJi   Jtjl   nOiAiJIOiilOi/IOJIoji   O J|   • JIU 

JIOO Ooid mm o o m o 

m >n 

in a !fl  o ifl 3 *   om 

•    T     T     »    Jl     Jl    Jll 

UJ 
-I 
CQ 

5 

i)i*Oifl#0   OiDifl  OOifl m in ^ in 

iA«n i 

OO  i 

M ryi in m m m m » < 

jl    Do m 3 in om Oin oin ooo^oinommmomomoomiAO*" omom 
r O »r lilifl ^ « *•  — — o a *-r* m m r^ ***  * <«iAin «-r  " n r« N - 

J»  O   Jl   '3  iA  ,'3  in   • 1  .r.   ( >    ">    1 
» o o- -«INI n r «' jt 

D<AO iAin in oomoommmotflmoomoooiAtnooinoortifmoom om OiAOmotA om    > _n 

in in if* OQ o o m m m oooin o JIOJIO mm mom o J> O in j» mo IT o m o m mo ommonmm r> • • JI 

Di*i«  iAQ4   ooom oommo  OIAIAO 
.-i *•»«   **»•> »  *-oor». mutmm* • •" * o 

om moommomojii c m m o o om  om omomrsmam 

i -a o a m m  ^moommm^omm oommaommmo 

UJ I 
•c r 

o om oo «n OOIA* om a o m oo m m om mm* ommma 30 ommmooommmoQOiummo 
03 on— —— — — — NHKHllNfl 

*  NO ^o o NOonao«to«n ** f% m m 
* <n <-t « 

i^nrttain ** ft 0 a 
MAllflllA^^ 1 *4 m ft 

aoooooo ooooaooooo 

n  om Om o 
••r m 

m om oi« Otfiom 
iA -•  •* r-  *- • • •> » 

om om 
oo —— 

0* am 0 m 0 in om om 
«••• •i«»wmm«'«rvf^ 

Om omomomomom om omo 
• • » m- a 0 — — ** *• n *% r * mm<« 

11-3 



ESDTR-72-011 Appendix II 

CO 
eg 

o 
CO 

CO 
vflO lA  Dm    0«OinoiAOlllO > JI (^ , 

lOjl  30iA   Jl a O J*        • OUtilOit  Otf  OmOill    O ill  3 in • Jl   3jt  O lA  OiN  O Jl   O Ji  O  Jl 

LU 
-I 
CO 
< 

JlJI  Jl (A Jl JIJIJIJIJIJIJIJIJI        « k/t JI •• « u* >iiu> 

OJIOJIOJIOJIO     OJIOJ*OOJIJI 

i<l  «m«   * vfl  JI  ;(»in ji    Ajiil    ni»j|iAJi.flj>.n 

JlJI Jl Ji ji   i"ir*,fliriAiriAiA        JI Jl JI • I   Jl Jl   Jl J)  Jl Jl    lA IP lA  lA i/l  tA    lAj)   iA  lA  lAd)   tA  Jl   lA iT  Jl   lA iA    T  .- 

J)0   JIOJI O j| O Jl o (ADiA  O       QrflOlAoai  0«   d«3iA O O Jl 
••  •-   9- 

-non 
if a a 

Jl o o O Jl o o o Jl o Ji u Jl 1 ' Jl 

n-ft tit Jl Jl Jl Jl Jl Jl Jl Jl jl Jl Jt  •  JIJIJIJIJIJIJIJI  Ji JI in Li! Jl Jl Jl JI JI JI JI r JI JI JI r JI. JI *••"*• »•   T *" T 

Oil    OjlQ 
JlW   »" rt ^ 

ji a JI o ji a ji  o J>   *oajiOj«oJioJioJio Jl O Jl 
*• Jl Jl 

O Jl  o Jl  O   Ji 
** *<i m 

O Jl o Jl o o o Jt 
JI JI JI 

Jl   3 
Jl « * * 

j|0  O J| Jl 
r Ji Jl Jl JI 

C» "!> Jl  Jl  O 
*   <   *  -O r* 

z 
OJiA  OUyitll  DOiiJOOiJlLllOO Jl Jl o 

—  —  fH 
ei JI JI 
f* *• *i 

O n  Jl 
fla -1 

JI a o JI JI Jl o Ji 
r *• *i 

3 Jl >J1 

j|Jl Jl Jl JI Jl Jl  Jl Jl Jl 

ail 3 JI a Jl O Jl O Jl 
*"» r »• JI JI 

3JlOJ»rjjOJ|OjlC»JIOJIOJ|rj 
«  -«  K  K    ^KN*<»AJTr1rtNn* 

Jl O Jl 
— — o 

oji a J* 3 rfl 
• JJ  K 

3 JI a JI 3 
^     -•   K      J>    Jl 

Jl O  9 
f «   *> 

Ji Jl * • 30 

JI JI JI JI m Ji JI Jl JI JI Jl Jt  Jl  Jt   rjfljljiJIjiJIJIJIJI^JIji Jl Jl Jl ui *- *- **o r r r o w •• o o o OO <->r> 

Jl Jl   3 O Jl J* O  O Jl j| -a a J» J> * o JI JI a o JI Jt o a JI JI a a JI JI O O Jl JI --j   ^ Jl Jl Jl   3 Jl O  U   Jl Jl Jl PIQ 

I ^ rt »•! o^i 

o0 

Ojl 

3 o o oo oo • o ooooaao oooo aoo so o oo oooooo i 

I *1   •*«  «•«!->   «••) 

11-4 



ESD-TR-72-011 Appendix 

r*  M f* 

1*1    N    ^   N   (1    O N    fM   o r 

• 00090000  OOOO  OOOO' 

o » o •   • • 
O o — •OOOUOOOOOOOO»'»0   0»00»    o  - 

CO 
CM 

o <o«oaio»a<oaiOi«0(io»o«oo»oo»i*oo««ij(io<oo5i<Di««*jo»*an 

y» 

LU 
-I 
m 
t 

o JI o n o j\  ooaitA o o«<n ooiAii  oaamJornflintflo^ijinni/iji aooi/i OOJIIAOOJIIII JI 
— O O  O r* f*   — —  n  —  NNNNi'i   nil   r rsN   Nit   •«•»»•*»    OOOO  —   -* —  -.r*»s*fN(N|/i'->'-ii-*>-> 

s;?s 
ssn 

SSSS 
ssss 

5 
• 

SSS.?SftSSSSS5? 
SS25S2SSS ssss ssss 

SSSSSSSSSSSSJ^^ 

ss: £33 S55SSSS555SSS OC.O* 

sss sss 
— — ** 

sssxs 
t*r* r* r* r* 

ssss s 
SSSS 2SSSSSSSSSSSS3S 
SSSS sssssssssssssss 

SSi 2SS S?SSS SS^S s SSSSSStSSSSSS ssss srss?sss2s.ssss? 

11-5 



ESD-TR-72-011 Appendix II 

aa aiflojiaifl  OJIOJIO* 0*0*      iA  • IA 

» r- ** * -• •• r* « -« 1 

JI    O 

JI — -• ill JI 
0 in a in JI iN a JI 0 MI 

•  — •> M» 
0 j» 0 j» 0 JI OiflOiA 
-•nr mi « « r IAN 

iHOJlOjiOaOiflOJtOiflOil        JlO  lA  OJI 

JIO lA  O O oiAoOm JI O   O O O O JI   OjoOoJIOrfi oji 0 0 0 JI o OOJ»OJ»OJIOIAOJ»OOOJI J 

MM   — «t  ft. — — — 0 r »••» mr O r* *M  a 0  O r*  0 O IN) »-»moo'*»»irto«no«n',»rtoo*"»aiooo'n'i n 

no JI OJI 
<«v « »- »> « 41 a  0 MI 

0 0 JI JI 0 — » — •> <• 0 0 JI  0 a Ji JI 0 0 0 
•«i O O «j #1  **» — x x  r« 

OJI  9 JI 0 JI 0 JI JI oaiA 0 0 0 J» • 0O111 a J* 
• *« JI JI • •»•   «PP»   ««N««   -I *  •- x-   »-   -• ^ 0 

ir«n«rr nnr» »noyi 

CN- 

o 
IT) 

OJI  OjlJIJlOj|OjBOJIJIJIOiAOiAOJiiAj|OlAolAOjlJlrflOQiAJIOOJtiAO..tiAj|OiAtftJi:3JI 
»-<»o»-».f>-or*'i*i—x   - ji JI  ctKKnun^rf •NNinifliA4'4  «ifl^^KN««  • « » •> » »  ^  n 

o-<->o^r-.r-txo  — Ntot   ON«   oOt«  • o§«   - o— ai   •   x   r •»-•   •   — •  XXX<»«XOJIJ»*>T'S'» 

C/5 T»  r  r T  J\ J\ x  r T 9 T  x T T   * x T r x  » 1 X   J» X-  x   r <A IAJI   9-   xx, * #• Jl ji  #•*•   x ji *•  T 

JIO OHIO 000 Oiii 00 oji oiAjiiJiiioiiii o I/IJI m o o JI o o Ji  ouii 

LU 
-I 
00 
< 

CUI  O O J)  JI  O JI   lA   OJIJI   JIJIJI  J*  O1AO1A   Oifl   OlA  D 0 4   OUliA  OO OtA   O o i 
•-• — -••«>   isi  n ri   »    O  •+   — r-   ON«r>«KN«4iaN>IIN«   s  «  * o- o  O  — O  I 

—«sj «••>•»  INI <s] — f- *   o —  o — oooooooooo—* — o o •* t* <•* NMMnn Al -• ««!§ » f»  §• ^ r. ^ 

JI JI JI JI  OJtOQtA   O  O O  OJI   3   Oj|   O JI O  OJI   O JI  o JI JI   OlA  OOU1 OJI  O O lA   O Ji o   O JI   O iA   O JI   CJ  JI 

OO JIOOJIOOtAOOJI   OOtA    OOtfiOO*OOtflOOJ)OOJ10 0iAOOj|OOyioOjt   o O  JI   t>  LJ JI 
—— — NNNnn  **» x   r r ifliiiia  < « 4NN  NS« •>  •• •>   o o o — —  ••NmN n «inr r *- ji iA Ji<«  *   -« 

nui Ji  o o JI ji o   OOJI  o  OJJI   o o J* JI JI   O JI JI 001A1A OOOJIO  njiuioojijiji  Oji j«o OJIJI  o 
rr   f  JI  JI  JIJH    -•  *   •• f*-  r*  c* rv   ••««•)  •>#>•*   Oo   OO  —   — —  — r«   N  N N i   1  >n n n   r T   r lA   JIJIJI   -a 

OJI JIJI   '3QOJI    Aj|   3 O   O JI JI   J*   O QO«  iA JI   O  O O >A JI JI   OOOUI   JI J*   OQOJ1  Jlji    Oo   OJI   * JI   O   O 
rs.r*.p*,r*a * « -m   *  » »••> x- » x-  x- oooo o o — — — — — — ^ *•* <SI »^ NNnnn^fin x r  r v rriA JI 

OO JIJIJI   0'3 0>AiAiAOOOiA   JIJI   OOQIAJIJI   3 o   OJI  JI   Ji   O   T)  JI  JI ifl  -j   O   Oiflifl   Ji ( 
•• •> •* > r-  ooo Oo-0«" M««  — — IN) IN] <NJ  NNNIIII nftn nr rr  x x j- ji j* JI J-  - 
-«-   — — —  INI INI iN)   NN  N N   M INI ^   MM^MM   NN  N  Nf,  MMMMMNN  NNNNNI 
m^   <^^'-ii-i<-i1-»'-i^ii-lr>f^«f-»«nrt*,»rt*|^^l»^»^^iri»-)i->rt«»nri^|1-i(»irt^|i MJMJ m #•* nnn ci 

30 lAiAOOJIJI    O o JI ji    o O JI   JI   O  OJI JI    OQ««a   0««   OOtfil    OOM«   O   O JI JI    Oojil   O  O J»   J> 
SNNKt   •••    »-•••>»•    OOO    n-.--.-.NNmN«rt«flT»r»J1Jl*.fl««*4KNKK«««    • 

oo aooooo  oooO' 

• — JI O JI   O JI 
'• rj xji JI •• JJ 
w    I •     •      •      •     • 

uat i «« • « « 
or ifc «• «« inn 

OJIOJI OIA o JI o JI   aw 

*»    »•-•>»••»•   O   i 

I Ml   O J» o *a*  O Ji  OlA 

v«*   •* » •* • 

11-6 



ESD-TR-72-011 Appendix II 

tMO*OdioiitQtfiOtfioinotiiaiA  041 o *      1* a ui      in o 

iMia*rrruirfrrrrrrrrrrf      IA >A IA      »A J» 

aiO« 01A otA a« Oiii 001A1A O «A  M O'CO^ O*11 OIAOI«O«OIAOIIOIIIOIA o      aji a ^ 3 

O''* *•> *•»  O  O  O  r i-*-IiAiAinUtiillfl|AiAlfllAi|lUIKIiA«iOii 

CO 
CM 

O 

CO TJlifl  ji  r   T   ViAVVr*'   r   r  »   x   »•   r «- *-    ViA   rVVUIV   'ifliilJimjliAuiiAifliAdliAiAi/liAiitji 

C/5 r»,rrrr»*>'»,T*,Trr»t,rrrr*»**fr,'»»:r*»'»''*ii>J>***/'J»iJiifl>flJ»j« 

UJ 
_i 
CO 
< 

oooroo 000 

OiAOiAOUt   OiA id  OGiA   O LA  O tA   OiAOtfl 0tA   O O O tA tA   O O Jl «1 tfl   OtAiA   O O tA m   OOOQOOtAiii   O 
fi ••* o« — — a  o •• »- 00 ON 4 «ai ifl rv#i ^•*»»i*»l««*iW*"»ftrt<",i',»T' r j- JI jt JI JI  <-• * «   »NN ^F* a 

00|f|  oOiil   O O OiA  O tA   O «A IA  O  O iA IA  O °OiAiA   OtA   O *   3 jl   ci J»   O iA  o tA   O IA  O >A  OiAiAiAtA  »A   Q  O 
r-. f* r- • v <s   «*•  »•••••  t- •• »  »•   o O o o — -*— — — — oO»-».««ir-.f-   •• <«  i/> <A  » x   <"> *-i »M -O  NN   <M -I O 

O OtA  O O tA   «A   OOhAifi  IA   O1AJI1A   O  OOill * *f   OOO1A1A  K< O  O Cl lA lA  lA Q  OO1A1A  >AOOOiAQtAOtA 
«44KNNN«»B«I  oo ^ ^ »- ^ *  <• « m • • »  w » » »   •>•  oooooo-. — — — -.—*>ifMt>i—-t o a •> 

oJtifljioo 3JtJ>Jin n o ojiiii 4  oo o ** Ji oaoiAtAtA OOO««IA  aoojitAiA a o a J» JI tA  O 
j)«fliii»A4-«'«**«h  N»>»»».^  ooo ooo— — —— ——*»<wM*iNi^rt«^»^i«»nrr»*-TriA 

O  OiA iA °0«A  iA   O Q iA  tAO   O rfi tA  O  O * tA   OOtfl  tA   OOrfliAO   O « iA 
«••» ^ « *•» rrr r«iA J 1A4 «««N NK N««A • t» *- » » O OOO 

» O.A   J» tA   9   O   CliAiAiA    OOOlAt 

oQiiAOniAiA  0 Otfi 
«• t> » •>  a n  0 ra -* — — 

—  — —  —  fM  <M    NNNNN 
*->   1 ->  r>> «n   «   «  «* »^ rt fl 

tA   OiA   Oj    D«  Og 

Noooa 0000 
rt <•* KI n .-»  fi ** ri m 

Otfl   O lA  Off   3  *»  O «A   0<A   Q *A O tA   O1AQ1A  O »   O tA O  «A  O tfl 
'r««44K  ^ • » •- •>   0  0 _ — NN^  nr r JI j<  4KK 

*^rt « « rt ^ rt ^ ^ « ^ rt « ^«^^^rt **•*«««« n ^ <-> 

•A  oj» om a kA 01A OA 
• »•>   OO—   — *# ** r* -» 

0* OAI QA OWI a 
«- «• iA « •• •« i^r- <• 

1AO1A   OtA   O*    OiA   OtA   OtA   O*   O*  Off   OtA   O iA   OM   O*  O 

11-7 



ESD-TR-72-011 Appendix 

*2 

CO 
CM 

o 

CO 

LU 
-I 
CO 

2 

QA at o tit 
uo o « »«i 

O   lAQi/l 
»    'in JI 

in   no 
<N    «   (*- 

a J* 
.ft 

JIOOOIAO otiiiiio 
-»   •>    'O   O-^ill    Nrt 

a JI JI a o o ji  ooa JlO • •• o at JI o JI ji 
t> 9> o — — O 

at  O Jl   3 JI   3 
n o n »   i   N 

Jl Jl   OOOiDiAOO 
r««M  i-i  —  _   -   — m  <>t 

at t/t o 
r   MI 

in J* 
ji "it 

litoinjiiflojijijio 
i-l  »•    •* »T    **  J|   K  K    J,  4 

aijijioaiinjiojiai 
«• us * •• •- r* r» a o • 

JlO ai at ai o o JI 
_.—.».  O   O <N 

o o o lit at a 
i* — — «•• — * 

i> Yl    Jl   *    -C 

3JI oom 
• m *• rt *i 

*  •*» *   -o 

J1   OOlA 
« *• r *r 

/i   « •» 

tit a a 
*« tit Jt 

ji Ji 41 4   Jt 4i   «*)  JI  JI44 

o o o*n o o o Jt oo 
« *   «•» NK   m • « * 

Jtji-»jin««jiji^ 

o JI o JI a til o JI o ai 
o a» — *•» o **i ** o 

* -• 
OO 

Jl  Jl   -m -O   4 Ji 

a JI o o ji ji 

ji •*   «   *   o    n 

o o JI -A o at 
»• m i * sr — 

Jtji Ji Ji Jt 

idU Old  o 

in  /i in ^ 

Jl   O til  O 
n — -• "* 

til tit Jt 

oi  ri »i 

jt -it 

at •* 

01 at  -" Ji   Ji ji jl Ji  J< Ji 

O JI  Ji ji   o JI m  o o m 
in Ji   -* -O   r-  rv   r-  » * t> 

Ji ji JI JI uitn JI ji ji ji 

* o o JI u> in o at at at 
• •> — • » rt noor 

ji at 

oat 
ji in 

Jl   Jl   Jl Jl   Jl Jl 

ji o oat o o 
—   IN r-  r-   a>  «-i 

JI JI JI JI JI JI 

o at um o at 
«1 #.    D'5-» 

do or j) 
Ji ji J> n ji 

01 Jl   O tit Jl 

at Jt JI at 
ji Jt at Jt 

3  O til  lit 

O   Jl til 
tit JI Jt 

Jl    O lit 

ji -t 

tit * 

iflvn  uui IAIA a Oiiiji 
JIJ)  JI JI  JI n JI -AJIJI 

Oii) Jt o  a JI  o Ji o ji 

00400-4   4   — M4 
t JI Jl  n   Jl JI   JI   n JI  JI 

•it ooo auoinoo 

-• * 
jl Jt 

oat 

-  --* ••  4  - 
ai at JI JI jt JI 

ai   o  o Jit  Jl Jl 

jt JI JI -" JI JI 

o at at  3 o LJ 

*rsr * o o 
»r Ti/t jt 

c«o in Oi/i 

o   t-> O   o 
at Jt tit iii 

ji  o o lit 

»• jt <it 

OOO a ^ 

UO  *" o   Oo<*l  *** O O 
JI JI   * jt JI JI r * Jt JI 

noJiQOiooJiJiJi 

*"i rt O ri rt .* — m « — 
•" »• Jl JT   r m JI r  r JI 

o ji JI o om ai ooc 

Jim 

ji O 

«-  «- _ ~ —*- 
•r r ifti" in T 

O l/l lit   O  Ot/» 

T — — — — T 
9" |A   Jt   Jt   jt   T 

ji JI  11 Jt jt a 

in at oi  3 Jl   til   3  Q 
0-    »    O   O 

til   Jl  o o a til O  <Jji    O ji  JI   til  oo o JI JI ji   o ci a at at at 3 O o at at tit a o o at at «* JI -o 
u o   o   <->»    -. 

^^.n*^r--^r^r*.f^    »^r»r^i>»^f>i.pN»,,*«^     -•  Jl   Jl    Jl   Jl  i. 
<tn'trirtnf|ii^nnn»nrt','<no,,ii,irt#i»nnrin 

C4n  oat oat   JJ>  O JI   O JI  o Jt   o JI   r>oi   o o Jt J> at o 

01 Ji 

01 o ri  o JI .ii JI rj r> c j at Jt o o 

Ct 3 JiJiJiaOOJtJiJlO^OjlJlJtOJIjioOjtji O o Jt Jl OQJIi/l   3QIAIA (SOjJt   OOIAIA   aOj|,ji 
at JI  Ji Ji  JI   «   * -a   -«   4 *i tn r* N Nh N«   JI JI   4   ••••-• ^K NN «»••»»•*>.» o   000— — —• — fN^^iN 

OS JiJloonji;3   0jlJijOjtJl    33   OJJ   O Jl  O Jl -J in   3 jl .3 Jl   cj 01   3 Jl    3 at 0  Ol   O Jt    301   3 jl   3  -A   O at 
*«•• IMK(M ****** n i*tn r * *r*r *«n p-r>*  ••»» 30 — — nii^<n« r r aidi «   * r- •»- <• • •>»  o o — _* 

NN    N    NNN 'I  t-1   i-l  -1 ' 

Oil   0«Oifl   3m   O  I*  OlA   O^   34    3 Jt    30  O Jt Jt Jl 3 o O at JIA   O Q  3 J*   Jt at O   OOtAOIWI   OO   O *n ji  ji 

Oo o 000  0000 000000 00 a aoooa oa o a o 1 

1 01 o at   0«  o 
t ft »r ••  •* 01 • 
• *••••• 
1 at a* ai "t ai at 
* W9 W 99 9 

11-8 



ESD-TR-72-011 Appendix II 

o o o a o O • 

i/1   Oj) OIAOIA   Oil   04O|AOJI•l''I3lA0lAOlA0>',   Oil   O lA   O Ul   Q «fl   OiA    O Jl   O Jl   O 

o> * c* V't'^V'  »^>»i>'  o-i>»»»oa»   aoooCJooocJ3oooaooc3ooo 
444 444444 444  4 4 4 4  4 r» r*. 4  r»r*r-i'*'*r»»r-^r*r»rk.*.r*^.^r»h*«,».f>».*». 

l/in
|',0ooifl(30JiiiiQiiiiflii''''jioJioi/iTin   jJiouinJiijioi/iaji   TOJ>JI   SQI/I JI 3 

•• o •  rcrc*«»i-*jiJi«i*o«*i44Jiji4',>««>r,k«D4D4>'  ••oo— "•<^***«^»'»-^t*»iWw',»'nfnrt»- 

•AOifi      JIOJIOJIOJIOOJIJIOOJIOOOJIOJIOJIJIJIOJIJIOOJIJIOOJIJIJIOJIOJIOJIOJI 
ji 4 4       s«  fl'Ho oi««« Ji 44   o-«r«-fs.r*«n«««oitii  H-^Oc'oo----'«NNrtc»»Ti/»i(i 

UJ 
_J 
m 

C9M 
* UJ   I 

I    Jl   Jl   Jl     Jl    '/I     iP     ll     Jl 

Om o JI OjtojiojioojiJio o i/i   r  no 
i  4 « K r~  •«»  »•   oo-TrTinjiaiiP-o  4 

444 44« iA Jl Jl 4 41 lA J) Jl Jl J1JI Jl Jl Jl Jl Jl Jl Jl J» Jl Jl Jl Jl Jl Jl Jl -A Jl Jl Jl Jl Jl Jl Jl Jl Jl Jl 

Jl Jl O u JI JI O Jl Jl Jl 0 OJI a 0 0 JI 0 O O Jl Jl a JI 
0 0 

JI 
0 

JI 
0 

0 JI JI JI O 0 JI Jl 0 a JI JI 0 Jl Jl 
Jl 

O 
Jl Jl 

Jl 
Jl < a 

•0 
Jl 

Jl Jl Jl -0 j» j> Jl Jl Jl Jl JI Jl Jl JI j» JI JI Jl Jl Jl Jl Jl JI JI JI JI JI JI JI JI Jl j\ JI Jl ft JI JI JI JI Jl Jl Jl Jl Jl Jl Jl n Jl 

OJI O 0 0 JI O 
•O 

O J> D O Jl a JI a « JI JI 
QD 

"3 Jl   Jl 
Jl   Jl  D- 

Jl O  O Jl 

o*» *» 
JI 
0 

a 0 0 JI 0 O Jl 
N N 

JI OOJI 
ft *•» *n 

JI 0 0 
T 

O Jl Jl O 
3> 

Jl 
O 

.fl 

B> 

O 
O- 

"• Jl Jl 

1O1AO Jl   OU Jl  Jl   O  O Jl   Jl 

Jl Jl 

o o Jl Jl   O   OJI Jl   O   OJIJIO 

I Jl Jl Jl 

JIOJ1 

oooooooooi 

O Jl Jl   Jl   O   O O Jl   Jl   , 

o 0000000 OOOO 0000  °aooooo— — — —  ' 

o o o JI JI JI 1? M ojijijiaooi 

aa 3 IS 0 0 0 • « • a » m • » <a go as as cat OB CD » •» 4B  SO   OB CD ««« » >**«•«•   1fl«1) x -0   0  -a   is 

OJI   Jl - 0 0 0 JI 0 JI 0 
JI J* 4 4 tv 

r cr cr »•  x 

JI a JI O JI 0 
t- 4D  «   B>   O    O 

Jl   OJI   O Jl  OJI 
O — — r4 <•* «•* n 

Jl Jl Jl Jl Jl Jl Jl 

OJI  OJI 
** cr JI ji 

JI JI JI ji 

0 JI 0 JI 

4 4 r* r* 

JI JI JI JI 

OjiOJIOJIOJIOJIO 
a°s4>«.   u  0  -  -  r^ NO 

J1   Jl  Jl   Jl   4   4    4    4   4    4   -O 

Ji OJI nil 
I   T   T  Jl   Jl 

44444 

OJI  0 
Jlcr cr 

0 ji 
a- a- 

JI 
r 

JI 0 0 jt 
*• JI JI JI 

JI 0 n JI JI 0 
Jl 4 4  4  4 P*. 

O Jl Jl   O O Jl J) 
NN N   ««j a) 4) 

0 0 JI JI 
Cf »  0- 0 

u O Jl Jl 
0 0 0 0 

Orijiji  CT 0 JI ji 0 0 JI JI 0 0 JI JI 
•t  T   »   T   T 

a- a- »- T   T a- cr »- r cr »-  CT  CT   CT   ar CT rr T rr rr cr *- sr sr JI JI JI JI •A   Jl  Jl    Jl   Jl   Jl    Jl    J1J1JIJI Jl Jl Jl   Jl   Jl 

00 Ji Jl   O 0 O Ji JI JI O O O Jl  J| Jl a a a ji ji JI  o O OJI Jl J* 0 a 0 Jl jl Jl   O   OSJI  jl JI   OO O Jl Jl Jl O 
OOOO-* 

T T   *• B»» a- cr T r  a- »-Tr r rr rt r i>r**f cr ar r ar cr cr *• ar *~  T 9-   T   9-  9-   3-    T •   r   Jl Ji Jl Jl Jl Jl Jl 

Oil  0 
<MM  f| 

O Jl 
*n en 

J Jl  -J Jl   O  Jl  CJ Jl   DJI  <3 
N— — Q 3 •> •> * « -*. r*. 

JI 0 JI TJI a JI 
-0     0    Jl   J|    T    *•   <*l 

•T JI 1 j JI 
fl M *4 ^ 

3 Jl    O Jl 
«* O 04> 

3 Ji    3 Jl   UJ1   OJIOJI3 
•>4»4BNipk.44 Jijtear 

Jl 0 Jl 0 Jl 
<-i -n <N IN   — 

ao a L, Jl  Jl 

COO 

OJI 0 • •»» 

0 

a 

Jl •* 

Oo JI JI 

OOOO 

O Jl  O Jl 
OO — — 

Jl  o O  O Jl Jl 

000000 

OJI  O Jl   O Jl 
Nfinnrt 

Jl    O   O   0  Jl   Jl   Jl 

0 0 0 a 0 0 0 

OJI   O Jl  OJI   Cl 
Ji J» 4 4 •* r». m 

O O OJI 

OOOO 

Jl   OJ4  O 
«i •> •> a 

Jl Jl   O O ^ JI JI JI   0 a 0 JI JI JI 0 O O Jl lA Jl 

00 0 

JIO J) 
4fk. r<k 

Jl OJI  O 
O • fst 

it Oifl>  OJi  OJI  OJI  OH 
"*fi**ar r Ji ji 4 4 r. pv 

OJI   OJI   O 
• m 0 •>  0 

11-9 



ESD-TR-72-011 Appendix II 

Jl   O rfl  OUIOtAQOOtA  QO   OiAOO   O Jl 
J1*IN|s««Nrt«^»»     N   W  — Jl     -NT 

r^NNNNNNNJlNinNUl     n   **>  n  Jl    Art 

IAO dioyi 

> r«r iil (A  *>**>*  •*!/! i* • 

I O HI   I 
INN< 

I tA  Jl 

o— . 

Q«  OiAiO   QO   Jl a O Jl   QoOiAiA   OOi 

• tit in 

100 

OOOiAJI   jl —   — ••   •* 

n 1A1/1 in IT o Jl   Jl   Jl Jl   O   O  C>   Jl O   Jl   OlAi/l 

r ••»••• * o « « * o o o oo oooao»»*-ooo»>»'*>»*-fr 
4iilJlifliA«iAiAiA4««44 ~*«-a«-cmtn>^«'«    •« m   m ifl m  J* tfl  i 

iiAiAi/ioaiiioiJijiinin  o cxn **i o oat m m m OJIO oo o m JI 001 
r*r*r»mmm-»-*-*»1>»-   O  oo O-**^—  — rriANi1i14  444NN   i 

I o ui o 

m lA ill Jl 

O UI O Jl 

JWI  Jl   l/l ifl   il  ifl   Jl 
I • * • -1 n . 

m in 

o o IOOIAIAQ  om m o a o m o om JI JI OOOI 
• *<* N M «*<•)   rtrtrtr  *• *t n a- t/t*i  JI ji   « « r» i 

in m r at IA jtr lAi/iin ji 

Jl  O J>   OOiAO  lAiASifl 

Jllil I Jl Jl 

Jl lA 

Jl Jl Jl 

o o m 
ji in 

in JI O  O Jl Jl    O  o*A     lAOOmmOOmjIOOmiAOJlUlJI 

*•*•*• 

U o Jl 

^ #• »• r- r »-JI * 

m o o JI 

i jl in iil <A IA lit Jl : 

UJ 

CD 

OJI iiooifliA  o o JI   onoifli/ijio   oo JIJIJIOOOJIJI mo o c o ji m  o o o JI JI JI o  oonrijiai  o 
**** w«*i**i<i«i*'»"ri — — »A -*— —^   NfwNNMrtfn)if^i-i  n #•  »•»  o *-  »  tn IA in lit « m «  4 •• #i »•» »i -i •- 

iJ   Jl   O  Jl     O Jl  o 

*•»«•» « »•! n « n. m PI »n 

OA OtAOtAOiA oo 

ft **i »*i n W «n 

ill  lA  O 0<l< JO 

i~l ri   <->  f»    r-l  f>   n    «   I rt #»» « *i i trt   rtrtf*tm  nun 

o ft n n n ' 

oo JI JI o  u JI JI a ji 
Jt Jl   JI    Jl -a   "•  4   « r»   r4 

Jl  o CJ O ill ji ji 

>A JI  «   « -• «   «<••*   •* -«   •««•   *   «   « «   •+  -m   «  •« *    -o   o •  .«   * 
*i«ainfinA'*t*im**ir>t**i*i)*,««ir>«a>Ammm«(m   nrtn«  m 

o o o JI JI in   ocmjitfiifioooiOini 
T in JI JI  ji ui   « « «« « « 4N N N K NN  • 

JI   n OJI o 

i*» «*i « 

uj» in 

OOJI    Jl Jl    OOOrflJl JI o OOIAIA ui   o o o JI JI  m  a o o ji  Jl Jl   O O O Jl Jl   Jl  O O Jl 

an o JI o JI o JI om Jl  Jl  O ill    O j| O 

nnnnnnn *nn»n nn  »*l « n *•! *«i  rt n ** « n « «  «n«n  i 

Jl a Jl   O jl  o Jl    OiDOiDJiliaOiAO   Om  Jl   O OiAtA    O O O  O   . 

*ff*   ft|   -.   M —• — mm — M O  OOO OO o c — a o o o o o o o o o OM N o*  «^   -M 

OO O   J> Jl 
p*»H n  fi  <-i 

Jl o o o o 
*• T a 

o 
o 

o 

Jl  J»    O    Ojim 
no—— MM 

O o o   Ooo 

OO Jl Jl   O O Jl  Jl   oo 

oo aoaoo ooo 

Jim 

oo 

o o JI a in 
Jl   Jl  Jl   Jl   T 

o o a o o 

om n ji 3 JI o 
T   -I   f-l   P«   *•   — — 

o o o o o oo 

ill om m 
o am • 

o oo o 

a a m 
» •> •> 

ooo 

JlO Jl   O Jl O Jl 
n fl 

om ri 
*   r- jt 

Jl 
Jl 

om  oui awi OM   O Ji   om  o in om om om om o 
««44K 

iflo* O* om 
Km • •> »  oo 

om o* 
mm — N ri 

om o 

r»* »•«•»••••*»: 
» •• » ••   m- • 

' v «••-»•»•• mm 

11-10 



ESD-TR-72-011 Appendix II 

Jt   CJ   J» 
at * <• • • • 
«•»*•» * 
SN  «» 

at o 3 

ip a IA o 

jl   CD Jl        **>   a ai JlO  ji        01  O Jl iA i(l 3ifl 
4 r*. o-       o — »       <M " -n      r IA n      *•      r- a> -o 

|A   if)   ||t Lit Jl    l/l   Jl 
^>  fs. r*. O* t-» •-. f- 

OiR   OlA   OH   O   OOiA (AbflOOtfloOQillOiAOiAOiil J1aoOj|OjlOJ100aaioat3iAO 

d i in J * 1 »• **< j» ri Vr«  -Ji j» Ji  JI >JI JI in •«   JI Lfi  in   n   n -o    r» 

OlA   O OOtfl  Oiiliil  O  9i/|   O O Jl  O Jt   OiAQOOiil   OillOOj|3i}>AoOOiAOOOi/IOOOinoai|i30 
^^rv«^^«^ji»iNi>-f><^is(r^rtO»«ii»in^^ri^j^r-oC3»-injif>ii/i-«Da--ojit^^-,>fv 

at JI jt ** •** "i "> ON JI » ji o o «- ** *- 

I  jl  O j|   OOOJIJIOOOOJI   O Jl Jl   Oil 
•   —  f* IN   O   O CD   «3    (Oi 4   OK   r III    a o   — «• 

•• fv «  K *. K   -O-o*i^*»-0«r-.-«,-i 

jioOOJtoooQOatjiJioJiojiojiaiJtooojiQo 
«MNNNHifl    >•   (B    Jl   j)    4    »N   N    Oi/l»   >a     41    —  r»    NN   Ua 

jnfl i o JI ji in J> u JI   Oi/i JI IT ')    i JI  j\ nji  oil o" oui JI ji /i ii   Oaoj)30jijiooc3iflOjii/iifliflifi 

T  T   D .«  o o *-  »*iooo^oooi  **  o *• o o Jt *r 

»•#•—e'r^^oo— NrNroooOoNOrOOQNNrirrnOr'iiiOiAifliiaiAOiAjin- 

OlA  O ^ O a 01   OOOOif)   O ai  Jl   O Jt   OIAJIO  OOiAOOifl   O in ^   Oat   QOaO/ojIOi/l   O O Jt  O O  O J> 
co at  iT  a»«o-«',-'i"*i*o<-i   i-i  — o   OOiflifl,||ill4K   4KN  N  a   «o  in   O o  CJ <••    — **  IN o  r* m <-»   — Jl   — JI -c  -e   <N 

JI "I*  *" 01 *l* Jt  ' 

lOJIOOOIOJIOOOt    OoiA   • ill  Ol  O  I"   O O ill   O in   O   ° Jl    O Alfl   Oin   O   Oin  O ifl i<l   0 0101   O Jl 
. ji  Ji •* eo   •« r-   ^   r  «•»   at •*   o o -a 4   — **•»   IN n   ft «   » »•  o>   Qm « •• MNK«    » a> tt •* o>   o o 

.•.•••k    -*•••.»••-•••'»•    i*|».   oOMOOOWOOOy    OQO  — oDOrtOOOOOOrj——  — 
'    T    *"   »•   Jl   »•   r    T-jt3rr:rai*rjtJtjljlJIJ»J1JIJlJl.jlljtj»JtJtJ1jlJlJljiJiJtJlJljljl.nji 

UJ 

CD 

2 

Ot Jl  O o 
-- W  fN 

iA Jl O  OlA iA 
ft *n rt « 

3 n IAI/1   O  QiAiA  ooin  JIO 
rr>fli/iJilA444ji- 

O tA Jl   O  O 
r- »- r-   co   to 

•A   4ft 
a>  at 

° 3 iA at o o 
»  o o 

Ul  Ol o o O O iA at o o ot at o o 
-INMNNTI 

*•*•»#• » r *•»•*' »• *• *- rrrr*rrrf*i »•*•»•*•»• »-   V *•»-*- a- »• *• *• •• *• T r *- »• T- r T *• *• 

OJl iA  o O iA iA   OOUI Jl  O OLA if)   n  UJIJI   oOiAO a out J> o 
o o n a — 

O Lft * a o in in  o 
«M  (N « 

o at Jl  O OiA >A   000101   O 
fi r   T   T  V  iA iA if. iA  4 

*- * *• a- » » sr  *• •• r T r TT9***9W*-*-T r r *- w T »    * *«• * » a- »• *   3" «•»••• v T <r » » «r » 
OlA iA jj a o Q Jl Jl  OI O o O Jl  Jt  Jl   O OOJI J  IAIA lA  OJl   O iA a ji Oat  o iA  OJl o at OlAO 

•> •» o 
at  o at o at  f > ai 
O — — M M H n 

O O O  O  3 a -i °3   3 3  3  T a -> O o — - —' — - - 
OJl   O jt 
O 3 — — 

oj, OinOiA oat OIA   OJl   Oin   Ojt   OlAO a OiA at jt O   Cj °U>   Jt iA  O O o at jt at o O   OjlJIiA   O  O 

oo o o o O ;> Do   O o o o r> CJ o o o O  O   O O O  3  O 

naiflji O o iA   Jl O  O Jl Jl O O Jl Jl   DOIAIAOOIA Jt   O O IA   Jt O o *"tA   O Oat  tA o o iA rft  O O at at  n o in at 

oQJi/ at o 
»> »   •»  »   ••   o 

at J* J* at J» 4t 
-. i-i it i-i f*t *»i 

j cj Oat >A at 

O   3JI <A  Jt  O 
O  O O  O O — 

4    *••«<••• 
r-l     't  It    <-l    »*1   (-1 

3   O O Jl tA tA 

O O Jt at  Jt   OQOiAtAJl oo o at at at t3 °o at -A a>   OOOIAIAIA OOOIAIAIA   O 
-a  -«   -O  -o  «   <3  r. 

-• -»   * •• -»   *  -a 
rt « »n n *-» **t ^t 

tA   OOOiAiAiA 

•a-4)<*->4>-»<«4>«4l<> 
**i'*t*-im<"ii»ii-i^',t f»t*^ 

J  1     J iA   iA   j|   gg  JIAIA 

flflm Art 

iA  il O  O iA 

« ,-t 

jt at o0 0 

rt^rtn#*t -> *i -i 

tA at  tA   O O   3 01 tA 

jl   O  O j|  ji  o   OtAiA   o  OtA  iA   O  Oyi  Jl   gOitl  iA   OO tA Jl  3  O Jl   J»   3   Oat  J|    3o>AkA3   0»AJ1 o o ai at o o o 
a o 3 o — -• — 

N At N r« N  f>« Ot 

at o Jt o J» o J»   OJI  o at o Jt o at  out  o Jt o J»  OiA 
riA>A««Kh>»»»oo»**NNnnrriAiA 

O O O o OO O OOO O —   — — mm — .• — — M -• — 

OJl  OJl   O J»   ri  J» C3 ai   OiA   O jl  o Jt  O Jl 
-» -• -^ ^ «t  • *   » a o ——*<*•»*««•'•' 

o rf* oat o J» o 
•A Ji   -•   -• l^   ^ • 

1-11 



ESDTR-72-011 Appendix II 

4 
o a a J» litiAOO JOO 

o tfi a IA aai IA> 

I   N   »    -K   N   JINN *  ^    •«<•<•-• 
oo QJI  a o am a m  oi 

4  OiArfliil   a  Oi 

>   * •  — r-   "IAKKKIAIAN   — in  — •   tfl lA   — tfl  Jl «    —  — 

o o O*A am OOOOOIA o o o tfi a otft tfi tfi o o i tfl   OOi«il3i IO   Oi«#    3 

tftin 

on 

Q tfl   OJI   O lA  OO  > 
ill ^ IA Jl  Nr ifliA  < 

lA lA  tfl lA  lAlAtfttfltfllAiAiAiAtfltfl   in  J» J» ifl J»  ii   ifl i/i   J» i/i  ifl i/i   J) Jl J<   mjiifli/iifljijiji 

• ^ -• JI JI • •- ^  •*»••  » 

Jt tfl  . 

OlA  i 

•a*  lAiAtfliAtfliAtfltfl   illJlilliAiAiAlAiJIUIIIIlAiA<AiltJlt<tiJlilliAiAini liliflrftiAlAiflKlimi   i/i^   Jiir  Ji  ji 

oo tit o o in oi/i OIA 
^« -••"««»• »  ji JI 

om oi •« -• ^. *• OiA   OIAOIA   O lA  O lA  O tfl   OiAOrflOtflOiAOtflOJI 
• ••>••   o o — — IN IN n orriflili4  * r^  r* « * «-  »- 

O Jl   Otfl 
o a — - 

O lA O tA   OiA 
« n * r 

Otfl   O lA   OlA tA   OOlA lA  O OlA •A   OOtfttflOOtfttft   OOIAIA   OOlAiA   OOlAtA   OOiA tA   O OiA lA  O OiA  lA   O 

Jltf- *-»*•»•»•»•*•»- »•»•*••' *•*•*•**•*•* + **•*• T **•**• r W T T T T «• r *•»*»•»• r r *• r *• r 

lAtfi m  Ooifi  OJI  om 
«•»••    ••**    "A   * f-    f-    «   OD 

o in  3 in 
*- ••   o o 

• in   O tfl  O tfl   OlA   04  OiA   OIABIAOIAOIAOIAOIA 
--Nr*n»1*  V-tAiA-A   ••  f-   r- •   • o    »  O   Ox « N N 

Orfl   OlA 
« *i r »• 

oin 
JI JI 

OiA OiA 
*  *  K   r. 

O. f-l   #f   #•»   —   -•  . 
*• *• r *• T * 

UJ 

s! 
2 

Orfl   OlA   CTOOtAtAiA 

rt— — — oooooo 

OOOI/I  lAifl   OOOtfltfltflOOOtfltflAOOOtfliA lA  O 
O M 

Onji  i/lJi   O O 
 .    — (M   IN, 

o in in IA  o o 
NN   fM   IN,   i-i   tn 

OUt  lAiAoOiAtAOO 1A1A   O  O i/i   in   Q  Otfl lA   OOiAiA   OOiArftOOtA  lAO OiA tfl O   O lA lA    O O Jl   Jl    OOiAiA 

OO iA«AiA   OOOiAiA lA   OoOtAiAiA   OOOiA  Jl tfl   OOOiAiAiA   OCIOIA lA IA o o o in ai ji u a o Jl in iA o 

OO in in in JI  oooiA 
©•**• »- >•*• o- »•  oooo 

tfl tfl  O^   OlAiA  lA  OOOiAiAiA   O  OOlAiAiA  O r» « lA tf| in   O   O   O* lA tfl O O  Otfl  lA lA 

OO Qifl4   O OiA  tA lA OiAiAiA    OJIJI    OOOtflOOOiAOOiAtfltftOiAtfl IA a lA lA    -3   O O iA   O OO Jl  O  OlA 

-o^MiNifM^rNiisjfNiMfNi  NNNNMNiyNNKinNNiKNNNNNNNivN Nninn«n*n<*>n>^n«nnnn#i 
m-i ,-,   n i-i  m -i <-» o fi   m'-in'ii-i<~if*>n--)f-i'nnni-ii-!r"i**,i-t<-i»->riii'"> ****,l  »"lrt^lrt«*nrt'^'Hrt««|rt« 

OO O  OiA   OiA   OlAOlA   OiA   OiA   Otfl   OlA   OlA   Om   OlA   OlA  OlA   Otfl  o tfl Otfl   3 tfl   a tf»   OlA  3 id  OlAO*   O 

»St<M  fM^ODOOQOOOaOOOOOOOQ   —  —   —  —   —   —————-.— —-.—__——— (N|IMlNl*sifs|<S»^| 
^fi n iflflnrtrtin n « «o M fi « »»i »«i *«i n ^i»nm«n«*nm««rti #* *•» « *» «n n A »i m n *n «««««« 

Jl O Jl 
—o o 

Otf, — •- OlA   OlAOlA   Otfl   OlA   Otfl   Otfl   OlA   Otfl   OUI   OlA   Otfl   O tfl O tfl 
o o — — IN  IN *n rt a-  i- iitA ««KN «•*••>   oa--NiNnn 

Otfl 
r T 

Otfl   OMOlAOiAOMOMO 

MO O o«- 
«1*tf 

ooooooooQ   ooooooooooo — — ——— — — — 
*n»nrtf,i««»,»«<^*nrtrt*nrt*^<^^(n»^*,»'»'^*,»*^*,*'^«^i ^^ m n  m   ««-in«i-i»-»n^   •-!  o 

lAO tfl Otfl OiA   Otfl  Otfl  Otfl   OlA    Otfl    Otfl   Otfl   Otfl   Otfl   Otfl  OtA   Otfl  A) tfi 
— — rtffH«^fitf'tf-iAtfi«-«pK.Ph««A>A.   oo — — NN n n # r 

Otfl 
"A tfl 

•tfl   O »A   Otfl  OtfkOtft  o*n   •> 

11-12 



ESD-TR-72 011 Appendix II 

(HO o *A 

IIIAOOOIAOIAOIA   O iA  OlA   OiAOlAO  00*000*0   OOtttn o 

i r* r« r« *i to r* K^o«r^^<*ci' 

o* tf«o«iA aritf.* OIAJI  tfioiM   rf> o ^   3 j» o *n  a JI ««   rfi i« J>   o a o J> •/»  oo 

a *A 

•   * 

•* ••%   tfj K    00«M*^ooo*r^OOl |Nr^« r+ ~ m t* — m m t 

OlA til   Ot/I   Out   OOOiAOOOiAOOtAiA   O iA iA iA   OJIJIO   OOQOJIJI  j|   O * jl   Ji   O n 
*•*   •****-**   ••>»••«.-*   4K»   »  »  O   O — ^  ^   ^ »-*•».* r-   *  »   »   Qn   nr  Ji»- »•  r.   N 

o 
o o 

•A   • » 

•o •o « *   « 
J1 Jl 
o •> -> Jl O vrt 

l*OO**CJ0-«-«0—— —   I 

CO 
CM 

o 
CM 

*•*••*   +   -C •*  -4    OOOOOOQOOO    O — 
IA*A iA ji tA ifliflinJ»iflinjijiJ»  i/> iA rf» lAiii 

ifliAOoifi 0O111  OJI otA am  arfiomo 
jt Ji ••  -«   * •• r- • o »•   o o «** *« .->   *•> »- 

- JTJT--JT-JT jr*.Tj:^jrjri--jr3i „„„„ « <• *A tA tfl iA iA 

a o 

oaoao o o«> •• «- o o o a o o o o o o o o o o o o o ooo 
JlJIlAiAiitkni/irrrtAJtilttAJIillllllAiAiAiAi/iiAiAi/li/liAdljiJl^j),!),!) iA  iA Jl 4   lA Jl tn   lil ifl   tfl 

OiA a IA  OIAOOOJIUI   OOtAtflOOOiA   OOtfltft   O o trt tA   tAOiltAOOiAtAaoAOat        IA   OlA   OlAOtA 
JIJI* « ^  - 9   oOoo----**w«*»'*«irt*»ir«-*-*  ••jiJiji^^^^r*^  « T «-       « 4 » 5-S"-- 

i 
CO 

2mm 2S ££"  S£2S?2 SSSSf1" °-222'!l0-020- 0>" am o ou> o      « o 00* o* 

*5??! J! r ". . r*r^!*r ~— r — T ~ — T ~~ T ~ ~ ~ — — r»'^*""*'*,o!^'fl«fl *< * •« J» r* 

UJ 
-I 
CQ 

2 

OlA ifl  ji   n   OOiO   OOOI i/lin  HIAIA  O   OlA iA   o 
mft PI <-i *-  ••»• ** «"» « « ••» ** r rr« iA iA * <• 

ooijoouidioo^ifliflemjioiyimooo* omoiA 
* T    .^^t  *1*  *••••••* •" O » •> •- •   o ci — «N   O — M 

oun orftaj a>  o o o LA .A LA   oo oyimjoo orf» ««   o a 0 « <A •» OooiAmootA  out   o* a 
''•''•••'•'•••^^'^^f*'^  ************   a 00000— -ooao-.—fMfM nt'tk <i 

OOO   Ojt  iA   III   OO   OJI U 

r«* r% #•». r*. •* t^ ** n» P*.^  1 
"> *i .1 »•> i-t '"t « « rt^ 

iA   O  O  OtA   >A   >A   O   O O  1 
*  00000   O -.  — -• 

O iA  OtA    OO!   OtA  O tA    =KA    O 
00—- MM<nnr *• J» J» •* 

(3lA    Orf,   OJI   a«   OlA   ( 
*^^»   «••-••   O   O  — -. f 

OlAlA   OOO JSO 

rtrt«  rtnfl«flrt ft«*f«l   ^ <n « ^> n  < :3 2SS3 52 2 3SS;SS55S5SSSS: 

I (^   (-»   rt«    rl  *   1 

•ssass «s |ssss5:sa *-.sssz 1" SS ss SS??2?2S822-3-222-- 
S222I2 il~222S2S22i2 222922 kk 22 22 00 0000»o00000500000 

• • • •  • 
sssss 

5S2S3S2-^-S^ •  ••    •   •    •    •••    •   •   • 
ssssssssssss 

• ••••- 
ssssss 

9t 
2: 

2m ?2 • • ^srs2rs.2,isssft2tss; 

11-13 



ESD-TR-72-011 Appendix II 

lAAOOOift OKI Orfl  o ut  o ui 
r*m ft —•«r — r* * ui »•> »• u» 

^**^*   -•-•*-•••*<•-•••*-•**-•-•*••-•«*••   ••-•-•«       •*            «'• « 

O*A ««o«n«ayi«MOia«#o«tfOtfiajo*aiA*i<i«iAoooi««ao mtA 
• i»fr0^r«rrr«iAaiN«4««NKaN*^o«N<*»»nar«a'4 •» r* 
*-«**•> -* r-   OOM«100*««*0 0<4(**««l*ifs (**•*»>• <"« — *«N— « ca « * *  'i « • «• 

cam in O<A aiAQOOioooioooit* o ui IA *A oj»ino QOOOJIJIJI oi«iii J< OO 

«•• <•  f**l « « O O* « Od4  •• O — -* — «* »N| — — ** ** •*•*   *•—*-«•<-»••»•*'*»•*•*» 

dioooo out IA am o ui ooutinouiooootA oo«« OOIAM a«# o o o IA o o o      O O U 

ijiiiioii a out oi«i« o aiAJi oo* «o aatm o out ji o out ui o o IA ui 3 OUI «A IA ui •« OJ* o out ui 
r**Nma a* *- *•* it K * ««•»»-•* •>• o o o o — *•»*•*• NNNflnart rrr — — •* * a***** ••»••• 

8 
CO 

i <• oooooooaoo o— m — — — — — —— — — 
liAriliAiAintAiAJI   lii Jiifl   iAifl1fljiuiifl'fllflJiifl   lA UI 

UliA O  OlA   J»  O J»   OlA O (A  O lA   O I 
O  O  —  —  r* 

lOtAOiA   Otf|aiAOto>*-H.u 
i« " r a* ui ui * •* »* "- •  • a* 

4  « •• iA (A <fl t(l ii 

n"  O O        UI   O Out  tA O I 

ooooooo^w-^oooooooooooooooo^ooo-.— -. — -*—— — — — a M   _ _  — — — 
atJiwijiJi  A**-  friiitiiiii'ji jiin«  JiinunniflJiiflrfiifl*  Ji*ifljiiflJiifliiiiflJi  *JIJI « UI UI IA tA IA IA 

OlA OtflOtflOOOtflUt   OOtA   U>  OO   O UI   OOiflU)   O O lA lA   lA  O lA tf|  OOtAiH   OOiAOiA UI   OlA   OiAOiA 
m Ji<   « N   N «   oooo— — —  — NNNNnn^irrr*   TJIJI^^JJ   «SN   I-I   r  *• !>*.«#>   o -• r-   — 

»»»»»»»iAiltitliAJI«iliAilliAill   i/lifli 

OJ> Ml   O O  i 

'rrrt'rT»»-»-Tr»r>-T«'»"ii>in'''iflinJ'i/ilfljijnflrfi«i»^i/'in'-iflJilj>'0«L(i 
•r     rtt»r»rr »•»•*•*•»•»**•»*»*•* r *• »• r •*•»•"•• «• •* «•••«• J MI «?«>•> •? e » 
ivfl^vfl   O  O O «A  «tf O   O O ui UI UI   O   O O lA lA   «  O  O oiA  Jl ill   O O O *A  O lA   '   lA Jl lil Jl   tfttfl   O 
•V   •* *- UI  UI UI tit   Ut UI <«   •* -•   «   «  « r-   *» r». ^ *•*   r*. n   «o a  «   •  •>  •-   a* ••    * fv »*.   "-* «  •   O  o •- <K   — 

ui 
-J 
00 
< 

>J*kAiA'~:iniA  NNiAiA  N 

—   —   — UI   nNOONNO 

OOUI en   O OlA   O tA UI UI   O O O UI UI lA    OOOiAinifl    OO  OiA«iA   OoOiAUlrft   OOOIAIAOOIA   out   out   o 
f*P*«.«-«.«rvr-.^r..^C-    • •«•<»*•'*-•-«••-•>     00oOOO~-OaoO-.-<M«M"«'N^ 

.NkN««a«aaaaoi3 0Noo««   "> ^ -» 

UltAOUItA   <A O O lA a UI   OlA   OUIOtA    OlA   o Ui   O *A    0»A    OlA    Otfl    Out   OJI   O lA   OlA   OlA   OlAUl   OOOtA  OO 
***** *• r  TIAN Na a »t< oo**<»Niiflr»*a'«<kK *•«»»- oo——MN»*i»,ii«»a*a*a-  a- at ui 

UI  OlA   O lA    OlA   OiAOiA   OlA   O ifl  OlA    0«A   OlA   3iA    Out    OlA   Otfl    Oui   Oil  Oil   Out   OJI   Hi/l   Oifl   OUI   Otfll 

t*t*t <-i«-»*-i'nM<-t«-i<-i»n^i^>*no  m 

«ui o o a ui ui ui aaowiia a o o « 

>o ooooooooo   ooooo o OQOO o o  o0aooooooooar>ooooao 

* 2* °£   °*! 9 * P* P*?? 2*   ow»  oui biA   Orit  o«A   oui   a** out o ui  out oat out out  a>a*  o* i 
OO   —NNn  «  *r Ji 

11-14 



ESD-TR-72-011 Appendix II 

tfl tft tfl   OiA4 O OiA  OO  O j| Q  rf)  tfilAOtflOtfliAtfl  OlA *A  OOi*  O OiA  tfl Q   O tfl  1/1 Ji  O  3 1/1  Ji  3  O Jl   Ou 
<M  »* M   <t  *-  M <•   T «  KJIJI «»   •>   a •   — — f^ •>   r^n«««»».»-r-   O 44  a •>   «•<•   «-Nir  m tfl a   ->  r* < 

Owl        OiA(A3iAiAJItAOiAj|iA   ajOtflOiA  41  OOlfli'l   3 OiA tfl Jl   Cl O ill IA   Q O  O O O Jl  A   Tifl   3 71   Jl   13 
NV      n4n«N«rrKN1jldi4rMl'tKt>NO«oO'«-*«-*»NrNOin«4rrf,KiAK--o- 

>•-<•»•> « ^ •> rt »*i t> •> -*•*•*>  r •   r o  a- • 

cut      A   oji3inoi«oi/iOi«oi(iajo«OiAO>iio«Oiiiaiii3jiDJi3i<i3ir3iiioaioQjiijic]ji 
• tfi        o   "oNNnArr i« «4   •• r* f» m m •• o-   oo— — <N*«-i'*irjtfiji*   « i*.   r*. a 41 •> •>   O o • <•   JI <n 

CO 
CM 

"5 

CO 

-I 

< 

Jl Jl   *? tfl   tftiAtfltfliAtf*J»tfltflj*tfl   J»  tfl « 

Otfl    1   O 
»-  ••          '   CD 

tfl  tf*   O O tfl tfl    O O tfl  tfi  0 
»   X,   >   »    0-   •-     O  O    O   o  — 

O  rf,   Jl    O  O J»   Jl    O   O Jl  Jl    O   O Jl   Jl    O   C) tfl    Jl   o 
-^-NNNi^rtnfli   #•  «•»-   r  Ji  JI  jl   tfl4) 

o JI tfi a o JI JI OOatfi tfl o 
4)4)41*tp»f,h''»9a»   •>»-   — rx 

*,,-,   .-t   _, 

tfitfl   OUI OjIQlA   OJI   Otfl    D ji   O 
rriflji44KK«a» 

•AotftOtftOtflOtflOtflOiAOtflOtflOiAO Jl O tfl O tfl O tfl OlA O Jl OO 
».   O   O   —   —  Mf^i-l-l—.   -.«-». 

am tfi a 
WN   O — 

Ojtj)   OOOtflOOtfjitfl OoiAJItf  Otfttfl  OOtfl   tfl   OOOtA   a o  Jl Jl O O  Jl  Jl   Jl    OtfltflOtflJItfltfl 

am lit JI 
OO  — M 

ooojiJtji  aaojiJi 
p**»*i>«r«ir«»v**^«n  -i -i "i 

tf* o a • JI JI JI oootfttfitfia aojiji JIO 
nr   «•«•«-•*   «-tfltfllAtfl«AlA4)4)4)4l4)    4 r- 

O O   Jl  Jl   Jl    OOtBtfl   OOtfl   O 

Otfl Ji lit 
— M M 

**** o o 

O o tfl tfl   OOiAifl   OoiA 
rrr*,>niAifli(i44'« 

oooooo O O O o o 

J1   O   O Jl Jl    O   O Jl  Jl   OOtfltflOOtAJIO   Otfl 
4N(^KN«»    •   *»-•>   »>   4>   0   O   O   O  —   MM 

tflOOtAiAOOtfltfttflJltftO 

oa JI IA *A   U O   O Jl JI   Jl   O   O Q tfl Ji JI  o o a tf* ji ji  o o o JI JI ji  ooiStfitfiiA OOOtfltfltflO  OOtfl   Otfl   O 

OO Jl  o 
"in • •> 

Jl   OJI   OJI   O Jl   O Jl   o tfl 
•>  DO — — N N n »n T r 

Otfl    O Jl o tfl   Otfl   O Jl  CJ Jl   Otfl   Otfl   Otfl   Otfl 
Ji^i 4 4N (^ • «••>»• o  o — — «s »* *-i *-> •» r 

Otfl   OiAOtflOtflOtfl   riOO 
diai44KK**»MNN 

JlO ill o 
NS  4N 

ilOi  Otfl  O tfl  O tft o tfl 
*-»•«•>•>   O   O -   - r^  t* 

Otfi   OtflQtftOtflOtflOtflOtflOtftOtf*   Otfl 
no rr««44NK««»»  O O — — *»• «• 

OlA   Otfl  Otfl  OtftOtfl   O Jl  Jl 
<^fi r r A Jt4  A *- * i*< *4*4 

JI n oa tfioaotA o o JI JI JI o tfi tfl tfi o ji tfi oootfio ootA ootfitfttfia j> JI JI otfttfi o nootfi tfi J* 

*•*• r r »-rr»"*"»-*-re*-»- r »-  rjijitfitfiJi.njiji  JltfitfttftJttfttfi  JI JI JlJllAtflJlJltftJltfltfttfl      MM 

oa o JI 
ji ji JI JI 

•AtflOOOtAtfltfl   Ooa 
•A tf) 4)   «   •  4)   4> 4)  r- rs,  r* 

tf* JI JtooOtA jitfi oo a JI JI JI aaotfitft 
<-* r-  ^ • M • **•••>*> •>«>•>•> ooo oa 

JI a a 3 tfi JI JI   o a a a tfi j> 
O —  — -,—  — —  fir*  r  T   OO 

at o a o A ji ji aooiAtfitfiaO o« tfiifiaootfitfitfio CJ o JI J* JI oo o ji Jijioootfitfitfiooooo 
*« P«   1  M   M   M f-l   M*T   OOO   O 

on o a oooooa o o oo a 

iA o Jl o Jl  O jl   OJ»OJIOtflo«A 0«    Otfl O «A   OlA   O Jl  a  tfl   Otfl   Otfl   Otfl   Otfl 
*-«-tf»tf»-«.4>^»^»A>»-4'    OO  —  — *4*«»l>-i 

otf* a tft o tfi o tfi Otf* Ok* a 
rrjiji«4Kfs4«»>«>   o 

11-15 



ESDTR-72-011 Appendix II 

Hi 

QQ 

2 

o    m       o o      m       m       o-  o *       m       MOM       oom       *        o o       o       m      -       •       ° -  o      o       o 

• K" 5- ^ I K° «r?J? J? « ^ ~-° i g gg s s *. * tt* * » 
:      : : :? 2 r 35^5 s gs s as g s ss t s s s sss s a 
• •• ••• • •••• • •• • •• • • •    • • • IW —   —   M M A 

: : 1 ?s x i «?« : ;: : ;j ; : ;: i : : : -?i J 
: itsit*. sss5 : ?; ? s: : r :: i s s ? «:» • ? 
:       :•';«! sss? ; :. . s* * * *- * * •• - «•»•• * * 
1 o o  mm  o  o momo  m  mom  mo*  o  mm  o  m  o  *  •» g. *  °  * 

:       : : :: ; ; *;*:; s rr 7 rs 5 * *• 3 s - « ...... * * 
:      « s *,? e s ss2s : s« : ss M H ; ; f M» t ; . • .. •  • .... . •• •  •• • •  •• • • • j i«u     » 
:       1 ; :: : : s-mS 5 5- 5 ss s m 55 s s - - :ss s s 
: 2 1  ??  S  8   «;?*   5 sg :   SS  2  t   88  S  8  ?  S  «|  3  5 
• £  8   SS   8   S*   s's's's   5   SS   S   8*8*  3   8   88*   8   8*  8   8   888   S   S 
:       : s is s s ssss s s? t is s s ss s s 8 s szs s s . •     •     • 7     •     •     ••••     •     ••     •     ••     •     •     ••     •     •1111111 
; s   8   mm   3   8   3333   8   33   3   38   3   8   83   2   3   8   8   333   3   3 
:        ? '  °: ? • •??? r r: ? ?? r  r ?? ? : ° " ???  ?  f 
J •     ?     75     7      ~     7 r r r     r     r r     r      r T     r      r      wr     r      r     r     ••      r*r      r      j> 
5 o     o     mo     o     m     moom      m     mo     m      mo     o     m      mo     o     o     m      o     om m      o     o 

NN     ~Ji     •>     i     n» » »     ••     »-m     m     mx     x     «      *r-     f     K     »»     •     T.T      .      . 

• *        * TT + T ********* *  ***** W * * * 
* o    m     mm      o      o     ommm      o     oo     m      »n>     o      o     om      m      m     g     O     om m     m      o 

2 7      *      rr      ******      ******      ************* 

Z. o     o     utu\      a      o     mmoo     m      mo     o     mm      o      o     mm      o      o     *     •      o o m      m      o 
mm     mm      ••      *      ««»•      r-      i« •      •      ••     ••      ••      •• ••      o      o     o      o     - - -      -     N 

- o     o     inut     m       o      oomm      m      oo     o     mm      m       o      oo     m      m     m      o      oom      m      m 
i .     .      • .      .      •      ••••      •      ••      •      ••     •      •      ••      •      '11     '111' 

£ m      omom      omomom      om      omom      omom      om      o     m o j      o     IJ 

2 K      •-      l»r*      K      i»      ^r>f.t.      ».      t»r>      »^      Kfc      t~      m       -•      •      •     •      •      • • •      •      • 
~ n     r»     in     1      <i     n « n n     n     i «     m      in     n      n      « n     n     n     <i     *>     mam     n     -i 
" momomom om o     m      om      omom      omom      o     m      o    m om      o     m 

•     T      . .      •      •      ....      .      ..      .      ••      •      •       ••      •      •     •      •      •• •      •      « 
^ .      r~      M>      r>      r«      M»^r.      r»      r. r.      >»      l»K     ^      »      r> >»      K      •     •      •      •••      •      • 
2 „      „      nn      «      o      nn r\ n      o      m<n      «•>      rtio      n      >n      »in      «      n      n      «      n <i r\      m      -i 

" mo     o,n     m      m      ommm      o     mm      a      oo     m      o     oo     m      o     o     m     mmo     m.   m 
77     ."     •     .     ....     .     . .     •     ...      .     ••     •      •    Z.    1     111    11 

1 *     JI     mm      m      m     mmmm      *     -a •»     -m      4 •*     -a      •»      •» *      J      •*     •      *      2ii     i     1 
• "      «      nn      o      n      n n n n      n      nn      -i       n n      n      «i      "> n      «      m      a      «      nl«      -^      -i 

'. o     o     Om     m      m      ooom     m     m o     o      om     m      m      oo     o     m     m      m     ^°o     m     m 
J n     n     «"      a      m     r***     *      * m     m      mm     m      m      •* •»     *     •*     *     *     777      7     7 
I "••"••'•••''•'''''''''1111111 1 mmmm      m      m     mmmm     mmmm      iimm      m      •*     »     *     «      i     Jil     '     5 • • n      an      a      a      a a n n      «      rt n      a      am     n      a      n a      a      fi      a      a     m a a      a     a 
I mo     oo     m      m     mooo     m     mm      a      oo    m      m     mo     o     o     m      m     mor>     o     m 

S    m     m5    m     m     m - - -.     x     x-_     ^     12    "•     2     2"      i     I    "      -     --'-    1     i 
t a     a     mm     m     a     a a m a     n     a a     a      a it     n      a     a a     a     a     a      a     m a n     a     a 
"                   o o J>^, o o mmoo m mo o Jt <it o o ^ i» o o     m      m      oom      m      o 

" _ -." IM •« N M a a a a* * * * m m mm •• *     ••      *     ^r»^.      r.     a 
\                  • • • • • • •••• • •• • •• • • •• • liiiiiii .                   o o Oo o o oooo o oo o oo o o oo o o     o      o     ooo     o     o 

« « an a a n n n n n n a n n n n n a a a n     a      a     a a a     a     a 
l                 ia     m Oo mom oomm o om m oo MOM OO mmo °"" " a ° °"" 

o    o —— — • — i* a N m * *•> « #«i r^ rrr mm m     m     *• • ^#«K •>!* P-M 
• 7. .. ... .... .      .. . .. ... •• • .      • 1 ••• • **JJ 
• o     o oo o-«o oooo o oo o oo ONO oo o     a     o °N?S°N5rS .                    n      « an n t* n n n n n n a a a an n r. n n n n      n     a at*aaat*.af*a 

ooommmmooommmoommomooommmmooommmmooommomooommm oo 
• ...   ...'••   ..   ..»••   ..   ...   . •   •••••   ..   •••   ••   ••   ••   ••••••••   •• 

OMO_oo-*ooo—oooOMor«ao«<ioNOar«iooONOOMaMowoN«-.ooo^a-.p 
nr*nr*nnr*nr±nr*nnnnt*nr*nn*.nr*nn**n^n^aa**a^a*-a^n**mma^amm 

.._ momom      omomom     om     omom      0l"0t0*2*.2!S2S i»M o     -     —S      a     a     n***     m     « «     r.     »»•     m      »      »o     o     —     ••     "J     ••« «     »     * 
sjte x o    o     oo     o     o     oooo     o     o o     o     oo     o     o     p..     ~     a    ^     ^    a ?' ?     ^    •" 

1-16 



ESD-TR-72-011 Appendix II 

o    »     e « O * *      o«      o     « 

o 

UJ 
-I 
CD 

2 

• •* 
•4 

4* 
•A 

•   • 
PA mm 
p* p«- 

PA 
• 

-A 

• 
*m, 

4 P*. 

• •* 
4) 

~ 
-A A -A p*. 

Ml 
-4 

• 
-4 

Jl 
A rs. 

• 
•A 

A 

• 
Ml 
4 

• •    • 
p-   4) 

9 
-A 

9 
A 

10 
P« W 

O 
•A 

O O m* Jl O Ji 0 
p^ 

O 
P*. 

Ml 

Jl 
Jl 
4) 

O 

m 
41 Ml 

O 

Ml * 41  O 
4) K 

Ml O • 
»4 
4) 4) 

— Ml 

P*  4J 
PJ 
4) A 

Jl 

4) 4) 
JI 
-4 A •A •4 

Jl 
-A -A 

ft 
A 

*A 

-A 

JI 
4 

ft 
•A 

r 
•A 

Ml 
•A 

- PI 

P-   * 

PI 

•4 A 

Jl 

PJ 

JI 
41 

PM 

OiA 
A" A- •    • 
41 "« 

A- 

O 

Jl 
-A 

Jl 
Ml 

O 

Jl 0 JI O • 
O 

Jl * 
O 

0 » 
0 

Jl 
-A 

PI 

O 
PM 

Jl 

PA 

Jl 0 
A- 

ft 

Jl 
P- 

O 
Ml 

ft 

0 

r 

O O 

»  41 

Jl   — 

Jl 
Jl 

a 
A 

o 
p* 

•4 

a 
-A  -A 

OJI 
•>  Pv 

A 

O • 
•A 

O 
Jl 

•A 

Jl 
w> 

•A 

0 
0 

A 

Jt 
O 

A 

O 

•A 

O 

-4 

Jl 

-A 

O 

A 

Jl 

A 

Jl 
A" 

•4 

a 
JI 

A 

Jl 
Jl 

A 

O 

•A 

O 

A 

Jl 
P- 

4) 

0 * 
A  4) 

Jl  Jl 

— A- 

-A 

a 
0 

A 

Jl 
O 

o 
•A 

p* 
-4 •• 41 Jl 

O 
•A Jl 

0 
-A 

O 
-A A 

O 
A 

a 
-A 

O 
-A 

-n 
-A 

O 
4 

0 
4J 

O 
A -A 

O 
-A 

O 
•A 

0 
-4 

9   O 
4)   -A A A 

o 
•4 

JI 
•4 

Jl   O 
-A »- 

a Jl Jl O • • Jl • Jl • O 
A- 

O 
m 

Jl 
A- 

Jl 
A> 

O 
O 

O 
O 

Jl 
O 

Jl 
O 

O 0 Jl Jl O 
P* 

O 
PJ 

A- 
Jl Jl 

A-   •* 
Jl   Jl JI Jl Jl 

A- 

Jl 

A- 
Jl 

A> 

Jl 

A- 
Jl 

A- 
Jl 

A- 
JI 

A- 
Jl Jl 

O 
A 

O 

4 

O 
-A 

O 
A 

O 
A 

0 
A 

O O 
A   4) 

O 

A 
O 
-A 

Jl a Jl   O • •> JI •• O 
O 

Jl 
O 

a Jl a Jl 
M 

O JI 
<-i 

O 

A- 

Jl a 
JI 

Jl 
Jl 

O 
A 

Jl 
A 

O Jl 
P*. 

0 Jl 
4)   • 

O 
4> 

Jl 
A> 

m 
Jl 

LA Jl  Jl 
Jl   Jl 

Jl 
Jl 

A 
Jl 

A 

Jl 

A 
Jl 

A 
Jl 

A 

Jl 

-A 

Jl 

A 

Jl 

•A 

Jl 
A 
Jl 

4 

Jl 

•A 
Jl 

A 

Jl 

A 

Jl 

-A 

Jl 

-A 

Jl 

-A 
Jl 

-4    A 
Jl Jl 

A 

Jl 
A 
Jl 

m 
m 

ft 

• • 
1 

O  O 
A* A> 

PA <n 

Jl Jl 
A' 

O 
O 

O 
O 

Jl 
O 

A" 

Jl 
O 

A- 

O 

A" 

O 

r 

Jl Jl 

T 

O 
IS 

»• 

O 
PM 

r 

Jl 
PJ 

Jl 
P* PI 

A" 

O 
*A 

Jl 
PA 

Ml   O 
PA 4- 

»  4- 

O 
A" 

9 

Jl 
A" 

A- 
lit 

Jl 

o 

in 

a 
JI JI 

JI a 
— rx 

JI 

Jl 

Jl 

O 
m 

Jl 

Jl 
ri 

Jl 

O 
A- 

Jl 

Jl 
T 

Jl 

O 
Jl 

Jl 

Jl 
Jl 

JI 

0 
A 

Jl 

Jl 
A 

Jl 

O 
P^ 

Jl 

Jl 
P- 

Ml 

0 * 
Jl 

Jl 
m 

Jl 

O 
A- 

Jl 

J« 
A- 

Jl 

O 
O 

Jl 

Jl 
O 

Jl  Jl 

• 41 

Jl Jl 

Jl 

o 
JI 

o 
Jl Jt  Jl 

O 
Jl 

0 
JI 

O 
Jl 

O 
Jl 

Q 
Jl 

a 
JI Jl 

O 
Jl 

D 
Jl 

O 
Jl 

O 
Jl 

0 
JI 

O 
Jl 

O 
Jl 

O 
Jl Jl Jl Jl Jl JI Jl 

jt 41 
A- 

Jl   O 
*•    O 

P-*  * 

Jl 
O 

A> 

JI 
0 

• 
O O 

A3 

Jl JI 

• 
O O 

• 
Jl Jl 

PJ 
O 

A> 

0 
PA 

• 
JI 
ft 

Jl 
ft 

m 

O 

A- 

m 

O 

V 

m 

Jl 
9- 

m 

J*    O 

r JI 

41   • 

0 
JI 

* 
Jl 
Jl 

• 
O 

*- 
o 
»• 

*   9 

Jl  Jl 

4*  »• 

T 

Jl O 
Jl 

O 
Jl 

O 
Jl 

Jl 
Jl 

A- 

Jl 
Jl 

Jl 
Jl 

r 
0 
-A 

O 
A 

A" 

O 

m- 

Jl 
4 

*- 
Jl 
4 

*• 

Jl 
A 

*- 
0 

p* 

T 

0 
Pv 

0 
p% 

w 

JI 
p- 

9    9 

41 41 
P«k P*. 

9 

0 * 
9 

O • 
*- 
o 
PJ 

m 

Jl 

01 

*   9 

Jl   O 
p* ft 

r* P* 

O 
fl 

T 

Jl Ji 

IN* 

• 

*- 
O *- Jl 

rm 

Jl 
W 

0 
JI 

O 

Jl 
Jl 
Jl 

A- 

Jl 
Jl 

**, 
O 
A 

A" 

O 
•A 

M 

w 

Jl 
4 

P* 

r 

JI 
-A 

0 

p* 

9 

0 

A"   9 

Jl  Jl 
P*.  f*. 

P«4   »M 

A" 

O • 
PW 

9 

a 

*- 
o 

41 

ft 

a- 

O 
41 

A- 
-1 

*- s- 

0 JI 
•A   A 

A-   A- 
-1  ft 

r 

JI 
-A 

•- 
JI 
A 

A" 

O 

•• 
• 

0 

T 

a 

A- 

Jl 

•• 

<-i 

Jl 

» 
f| 

9- 

Jl 

m* 

O • 
»• 

O 
•3 

A- 
*1 

r 

0 

ft 

Jl 
A) 

A- 

W 

Jl 

A- 
>-l 

A- 

Jl • 
ft 

A" 

O 
•> 
A- 

i-l 

0 
A- 

A- 
ft 

9 

0 
A- 

ft 

A"    9 

Jl  Jl *>   *> 
4-  *• 
i-l ft 

9 

Jl 

A- 

-l 

O 
O 

O *- 
O 

4) 

• 
Jl 
A 

• 
O Jl 

p- r»- 

• • 
O • 
• 

JI 
• O 

9> 

m 

Jl • 
• 

0 
0 

A- 

JI 
a 

O JI 

•> 
O 
0* 

A- 

Jl *>< 
•> 

O 

•- 
Jl 
»A 

A- 

O 
a- 

• 
Jl 
9 

A- 

O 
Jl 

Jl 
Jl 

*> 
a 

-A 

A- 

Jl  O 
« P» P- 

A 

O 

A- 

o 
•r 

m 

iA 
A 

«A 

"i <i 

O Ji 
JI JI 

• • 
0 
A 

• 

-1 

j> 
A 

* 

<-i 

O 

• 

r-l 

Jl 

• 

-1 

O 
m 

m 

JI • O 
A- 

• 
JI 
A- 

• 
O 
O 

A* 

>n 

JI 
0 

A- 

<-l 

O 

ft 

Jl 

A- 

ft 

0 »*< 
A- 

*A 

Jl 
P>* 

A> 

ft 

O 
ft 

*• 

ft 

Jl 
•1 

»A 

O 
A" 

»A »*l 

Jl   O 
A   Jl 

ft 

Jl 
Jl 

ft 

0 
A 

A- 

ft 

JI 

9 

A 

O 
Jt 

f\ A 

Jl JI 

Ji * 

A   -A 

O 
-A 

-0 

0 
A 

-A 

0 
•A 

A 

JI 
A 

A 

ri 

0 
p- 

A 

0 »-. 
-4 

0 

-4 

Jl 
P< 

A 

O • 
A 

«-i 

O • 
-A 

i-l 

Jl • 
A 

Jl 

4 

fi 

Jl • 
4 

ft 

O 
A- 

4J 

ft 

Jl •- 
4 

ft 

Jl 
t> 

4 

JI 
A- 

A 

•A  PA 

O Jl 

O O 

n 

JI 
0 

p* 

PI 

-     O 

P>. 
»n 

Jl 
p» 

O • 
f>  ft 

O  O 

»1 

Jl JI * 
<-l 

Jl • 
i-l 

O O 
A- 

ft 

O 
A- 

JI 
A- 

»-l 

Ji 
A- 

Jl O 
O 

f| 

O 
CJ 

ft 

r> 
0 

ft 

Jl 
O 

PA 

Jl 
O 

PA P^ 

O O 

PA ft 

O Jl 

ft 

Jt 

ft 

Jl 

Jt Jl O  O 
O  O 

O 

O 

J» JI 
^ 0 

Jl 
O 

Jl 
O 

O O O J» Jl Jl 0 0 O 
PM 

Jl 
PJ 

Jl 
PH 

Jl 
P« 

O 
PA 

O O 
PA PA 

JI 
ft 

Jl 
ft 

n -1 
PJ  M 
*A *^ 

^ ^ •-I 
<*< 
•-1 

^ ^ <NI 
ft 

P* p^ P* PJ 
ft 

*S 
PA 

•S 
ft 

P* 
ft »A 

(4 P4 
•^ ft ft 

PJ 
<-l 

O • 
o 
PA 

Jl • 
O 
PA 

Jl   O 

•    • 
O  O 
ft *A 

O 

O 

Ji JI 

• • 
•A O 

O Jl 
<1 A- 
•    • 

•A a 
*^ 0 

»*> — 
O Jl 

O 
Jl 
O 

JI a 
JI — 

*•» -* 

a 0 
-A — •   • 
m — 

Jl Jl 
•A — 

ft  — 
P* P^ 

JI 

PI 

O 
P* 

O  O • <* 
PI   — 
P* PA 

Jl 
PM 

PA 

Jl 
"•# 

PA 

Jl   O 
•> PA •   • 
t* PA 

O 
P"» 

PA 

mm 41 
PA PA •    • 
PA PA 

Ji 0 a 0 
— r »4 r 
•    •AM 

4- - *• - 
NP1KP1 

til 

o 
ft 

•A O O  O J» 

•  •    •   •   • 
PA O ft 0 O 

JI • 
0 

J» 0 JI n 
VA.   (4  A- 
•  •    m   • 

J> O —   D 
4) «•> K « 

OJI 

•   • 
•A O 

Jl   Jl    O 
•• r 0 •   • • 
0 n — 
*•» »> 0 

C3 
O 

OJI 
*• O 

OJI 
•• 0 
• • 

Jl O 
A"  — 

p^ <n 

0 JI JI 
p- — • • 
P^.  ft 

Jl  — 
•   • 

P- »A 

Jl  O 
4) PJ •   • 
PA  — 
P*. *A 

0 a JI 
P4   A «< •  • • 
ft t*. ft 

OJI 
a CM. 

» •• 
O O 
ft ft 

f* ft 

OJI 
r*«A) • • 
KPI 

OJI 
P-* PA •    * 
P-  f* 

CD 
O*. 

til « — *- • a 0 
^*A) 

•AiM O  lA 
Jl   * 

O  O 
Jl* 

0 a JI ji 1 
•"A.    <•!».    , 

3 Jl 
n A. 4>0 

JI a 
A  O 

Jl Ji 
4) O 

O jl 
K Pi 

a a 
Jl   *A 

Jl O Jl Ml 
Jl   — 

am •> — OO OO JIJI 41 
4NONN 

OOMO 
•• PI   A-   PI 

PAO 
p**A 

— 00 
P* »*l PI 

"JO * « •« *% Jl   O 
4 ** 

»-i a — O « 0 Ji — 
KP)K1  4)«*l 

41 "• Jl -• 
•A « p* PA PX  « 

Ji — 
4 PA K «A KPI 

Ml •• 
4J<1 t*« 

9   —   — 

P*.  PI   ft 
m% — 
-A #1 

t <r *j 

use X 

O        41        OJI O        Jl        O       J* O O      41       a 

11-17 



ESD-TR-72-011 Appendix 

LU 
_i 
CO 

** a m a • — 
• • • • • • 

m*        «-       «-       -< 

O       ill        O j»        ill        o 

»—••-• *        t* N        « N        <« 
•*- r*        *        * #        -•        r*        «        ^        « 

•aa«OtfioiiiiAoo 

i «     *      * 

I lA        O       <A OOiAOO 
> t>      ut     w      •     f^      Mn« 

«     *    *     M 

fM f* lil 

o      m      o      o     m       o 
» O        O       <• I* 

* <* -• tfi M 

lit lA HI o 

•    • •  • 
in 
4 

o o J» -• 0 o a o 
•m — • • 

-• 
in lA 
•s  w 

O 
m 

un 
at 

m o 
Of* •        •        •       • 

tmv4      9i*41*      ****** 

lA lA a a O 
w 

O 
w 

in •- in in o • m 
m 

in 
•n 

o <• a iA in o 
fv 

o 
t*. 

lA lA o * O • in un * * 
o o o o -- o o o a - o o o o o o O o o a o o ao 

OiA 
o o 

o in lA iA o in o iA O a o iA o in a in o tn OiA 
o o 

a iA am 

lA lA in A 

o a 
•o <• in 

r* 
in in in 

o o 
>n Jl IN in A in iA iA lA lA JI iA IA«A 

lA  O 
r lA 

a 
in 

in 
lA 

QlA a in -• in •• o 
ts. S in 

in 
fs. 

O • • in 
m 

iA 
m 

o tn in a o 
o 

Jl iA O 
O -• 

in A LA U1 in in in m in in in in in in in in iA iA in in •A IA in in in un 

o in o in Jl  O o in o in o in o in o 
o 

iA 
O 

o in o m a in o iA oun 

•A lA Jt in iA lA «n j% in iA jt in •n in in in Jl A in tn iA iA A A in JI 

Jl    O 
lA   « 

o <• in •• oin 
in in 

o 
r* 

in 
r* 

*n a 
m * in • in • o o >A un o 

o 
o 
o 

in 
o 

IA a 
o — 

o Jl ufl o 

*  « • *> -   M * * • m 
in in 

• • • • •• r- »• » •• •- •• •• 9- 

OtA in tn (A   O o >A in iA o m o 
o 

iA 
3 

m 
o 

iA 
O 

o o o in * in o O oin 

in in a o o o o 
o 

O 
o 

in 
o 

in 
O 

o 
o 

a 
o 

in in o o iA in o o lA lA o O «n in 

o o 
o o 

in 
o 

in 
o 

in in in !   1 
1^ 

in o o o in o in o in o in a iA   O m o 
o 

Jl o 
o — 

o o o 
r 

o f-J   fNI a o 
T 

o O o o o o o o o 
r 

o o o 
*• T   T 

lA   O in 
o 

lA  O 
O — 

o C3 in in in o in o j* o in o in O lA   O in • lA  O 

»   » 9- o O O o O o o o o o o o o o o o o • O o o O O 

lA   O 
4 r> 

o • lA  O in o 
o 

in 
o 

o in o a o in in in o o o IA iA in o o a 

•>  (J- •• «- o- o- 9- o o o o D o o o o o o o o O O o o o o 

O Q in o o a in o o m in m o in in in o 
tn 

in 
in 

in 
in 

a •* o o a o o 

o O 
w ru 

o in lA iA o o o in in o o * o 
a- 

in 
r 

A 
a- 

A 
T 

o 
m 

o 
<A 

• in 
in in 

in A O CJ 
« 4 

lA   O a * O in >A in 
w 

o 
in 

o o 
in 

iA 
in 

in 
in 

m 
*n 

n o a Jl in in O o o •A in lA O 

lAA lA a O lA 1A1A a o A in JI a o j\ in o o in in A >n a o iA in JOO o 
o 

JI in 
o o 

in <M un p* **• M 

jio a 
***• «• 

in *- OiA m o o 
• iA iA 

in 
iA 

OiA 
«in 

in a 
4 -O 

o o oa> 
o« 

-n •* mo o m <n iA iA O —• o a OiA a in o a o in a in IA O O 

« « M 

iAn ui IA a 
• r^ o •" «• 

in o 
A iA 

o a 
W- lA 

in in 
»• in 

in in 
o- «n 

o a oo ai m o in n n o o 
ON 

inm in* o o o o j) rf» *n 
f* m m 

a o M 
lA »•  * 

o in J» m 

iA   o in • o lA  O iA 
O 

O in o in o in o in o iA o in o m a « o •• a 

11-18 



ESD-TR-72-011 Appendix II 

*       **       4J       *•.•#       -m       P- t 

Ji»*OJlJ»oOO 

a    «i    o    m    « *. »       ^       n       _      ^ • •       •        •        •       • 
*• **     *      *•»      •*      «      *      «      ••«      »n      dnn 

•• ««««**..«       * -•      «      «•«-« 

41        o       o      JI       a      in       tA_     Ji^      u»   a      JI       iNOO 

«n       M 

O        *        O        a J»        O        lAOtA        41 O        JI        O O       41 O        41 
M        *»        M        K   »        JI riNlApk. r*        ** » O       •* OO 

"S 
00 

3 
CO 

2 

M M «1 M ft •n - - *^ « - --.- - - - 
o •> o in in a a 

O 
o 

41 
iA 
41 

o o O 
«• 

IA OlA • »- » O 
o 

41 
o 

o 41 o 
M 

JI 
M 

o 
ft 

JI 
•1 

O JI O 
JI 

o 
41 

o 
4J • o 

41 41 41 
m 
in 

* 
iA « « • 

in 
• • • 
lA lA 41 in 

f 
JI in 

•> 
in in JI JI 

•> 
JI JI JI 

a o 
a- 

in 
a- 

a 
in 

in 
in 

lA 
M 

O 
ft 

OlA in 
ft 

O OlA 
*• r •• 

iA o 
in 

o 
in 

JI 
JI 

JI 
JI 

O o 41 JI O J 

• 
HI 

• 
41 

• 
in 

m 
in 

* 
JI 

• 
in 

in 
m 

iA 
iA «A Jl 

in 
in 

lA lA iA 
lA 41 41 

in 
m 

in 
JI 

JI 
JI 

JI 
JI 

m 
in 

JI 
JI 

JI 
JI 

JI 
JI 

JI 
JI 

JI 
JI 

JI 
JI 

o *n in o 
N 

o m a m O 4A o 
o 

JI om 
o —  — 

o 
M 

m 
M 

o 
I-I 

JI 
ft 

o 
e 

JI 
a- 

o 
JI 

Ji o 
41 

JI o 

gl 
JI 

JI 
in 

in 
in 

m 
in 

m 
in 

m 
in 

M 
in 

M 
in 

lA lA 
lA iA 

ft 
in 

•   •   • 
lA 41 41 in in 

ft 
41 

ft 
JI 

• 
ft 
m 

• 
<-l 
JI JI 

ft 
Ji JI JI JI 

4 
41 •* • 

a in 
P- • 41 lA o 

a- 
O  O m 

a* 
O OlA 
lA 41 41 

lA iA 
in 

o 
4i 

JI 
41 

JI <• m 
41 

o JI 
p- 

JI 
P- 

o a 

M 
JI 

M 
in 

rsi 
in 

fM 
in <n a- 

•k 
r a- 

» » •» 
T W   * •* •• 

a- a- a- a- a- a* 
•* 
a- 

•• 
*• 

o 
M 

•- 
41 
•Si 

•> 
m 
M 

o o o •n 

•• 
in 

r 

o 
r 

a- 

JI iA   41 

* W  » 

o 
in 

a- 

o 
>A 

r 

a 
iA 

JI 
JI 

a- 

JI 
JI 

*• 

Ji 
Ji 

*• 

o o 
41 

V 

o 
41 

JI JI 
41 

a- 
a- 

in 
M 

a- 

** 
JI 
M 

V 

a- 

o 
ri 

a- 

o 

a- 

a- 

o *-» 
a- 

a- 

in 
•n 

a- 

a- 

in 
•m 

f% 

a- 

in 
41 

a-  a- 

o o 

»•» ft 

a- 

o 

ft 

rrv 
JI a o 
K  «   • 

«•! « « 

a- 

a 
to 

ft 

a- 

in • 
a- 

o 

a- 

o 

f-i 

a* 

Ji •> 

a- 

JI 

a- 

JI » 

a- 

O 
O 

a- 

a* 

JI 
o 

» 

a- 

Ji 
o 

a- 

JI 
o 

r 

jt a 
in 

a- 

in 
m 

a- 

JI 
in 

in 
in 

a- 

o 
41 

a- 

in 
T 

a- 

o 
in 

in   o 

r- 

in 
4J 

•• ••   »• 

041   O 
C-   P-    • 

T 

m • 
a- 

o 

a- 

JI 

a- 

o 
o 

a- 

JI 
o 

a- 

o 

a- 

JI 

a- 

o 
M 

a- 

JI 
M 

a- 

o 
Mj 

T 

JI 
n 

ft ft 
a- a- a- a- a- a- *• •• a- 9- *  * » »• T a- 

M 
a- 

M 
a- 

M 
a- 

M 
a- 

M 
a- 

in o 
M 

JI 
M 

a 
n 

in a 
ft 

•A    O 
ft   W 

in 
a- 

OlA   O 
lA 41 •* 

in 
41 

a *n D • JI 
. m 

o •> JI O 
O 

M 

j» 
o 

M 

a Ji 

JI •- o 
o 

in 
o 

o in o in 
in 

in 
in 

lA   O 
ill -a 

o 
41 

041 lA 
* -m 4i 

in 
-o 

o o a Ji Ji O • O • o Ji 

o o o a o o o o o o o • o o o o 

m 
a- 

in 
a- 

o 
JI <n 

o o iA 
9- 

in m o 
o 

in in   o 
o o — 

o o in o 
•M 

o 
M 

o 
M 

Ji 
M 

o 
n 

o 
ft 

JI 
ft 

Ji 

O 
9 

o 
r 

o 
a- 

o 
a- 

o 
r 

D 
ft ft ft 

• * • 
« p\ *l 

• 
ft 

<• 
ft ft 

A rt •9 
ft 

• * <• 
ft ft ft 

m 

p- 

o • o * in * in • in * o 

41 

m 

-• 
IA IA 

•   • 
o * 
4J 

OOlA • • • •   •    • 
-•* 41 

m • 
•o 

JI 
•a • 
4) 

o 
•• 

4J 

o 

•# 

o •> 
<4J 

JI 

41 

JI 

41 

JI 

4i 

o 
O 

p* 

o 
o 

K 

O 
o 

p«. 

ft 

o 
41 

in 
41 

«n 
41 

in 
41 

o o 

fi 

o 

ft 

a 

n *i 

in ji 

ft 

lA •> 
ft f% rt 

o o a 
o o o 

ft 

iA 
O 

-I 

in 
o 

iA 
O 

ft 

a 

ft 

o 

ft 

o 

ft 

JI 

ft 

Ji JI 

ft 

o 
M 

o 
M 

41 
ft 

41 
ft 

41 
ft 

41 
ft 

•* 41 M M 
1 

M  M 
ft   ft 

M 
ft 

ft ft m 
ft ft ••» ft 

ft 
ft ft 

ft 
ft ft 

*1 ft ft 
ft 

ft 

O 
<m 

O 

• 
•n • in in a •• iA 

M 
in 
M 

a o 
»«i n 

lA 
ft 

4i o a 
« •• •• 

a 
9- 

a •• o 
JI 

o 
JI 

Ji 
JI 

41 
JI 

O 
4J 

O 
4J 

JI 
4J 

JI 
4J 

JI 
4 

ft 

O 

• 
M 

ft     S 

a in m — -• — •    • > 
M J*<N 

in 

M 

in o 

1^ 

a 
M 

M 

Ml 

O 
M 

M 

»t fi 

rfliA IA 
» M M •  •    • 
*A M  M 

ft 

O 
ft 

M 

ft n ft 

OiA 4) 
f* rt « •   •   • 
M M  M 

»-l 

iA 
*J 

M 

o 
a- 

M 

-1 

JI 
a* 

M 

ft 

JI 
a- 

M 

-i 

o 
JI 

M 

O 
JI 

M 

JI 
JI 

M 

i-l 

JI 
JI • 
M 

ft 

O 
4J 

M 

-I 

O 
4 

M 

ft 

O 
4J • 
M 

o 

M *»*| 

o in *o 

ft 

a in in iA 

K « rt 

o o o 
-# M   r* 

iA 
M 

*» rt « 
lA  O O 
M « « 

lAo JI 
ft 

i-l 

o 

ft 

O 
a* 

ft 

41 
ar 

41 *• OO 
•>tA 

ft 

O 
JI 

41 
41 

ft 

JI 
41 

ft 

04I 
O JI 

M 41 M MM 
p*e» 

N in «« iflM tit  M M 
ft 

MM M 
•^ »n « 

M M N M 
i-» ft  ft 

MA M 
»0 

M 
ft 

M 
i-l 

M 
»1 

M M^t 
P^rt 

M N 
ft 

M 

p*.« 

j»o 
J»*3 

o a in in 
r a «a 

O lit 
p* o 

o in 
in a in - 

iA  O, 
ill a, 

OOlA 
•  Ml  — 

IA a 
4 M 

41 41   OlA 
*  *M -1  ft 

lAo 
or 

4141 Od 
• JI 

o«t 
• 41 

4IO 
•4) 

4141 
• 4> 

41 O OM1 •A Oiflrfi o o 

lAM 
pw«» 

M M 4>f4 
••ft 

til  <N MM NO •2 4QO 
41 «j « 

M a 
r*. ft 

*t O O O 
p* «j «J « 

»^o 
••ft 

M O Mo Mo MO 
**ft 

MO 
P*. ft 

p*-o 
••ft 

M O 
P» ^ 

MO 
P- "* 

MO 
P* ft 

pT o 
41 f* 

m 
o 

o in o in 

• 
a 
ft • 

iA 
f\ 

o lA   O 
»  lA 

iA 
iA 

041   O 
41 4> K 

m 
p* 

a * 41 • o 41 

• 
o 
a • 

41 
O 
• 

O 41 

• 
O 
M • 

JI 
M • 

w     r •• i 

11-19 



ESD-TR-72-011 Appendix II 

•   «   «•« 
r+  <•      *      4)     K <• 

O       «        HI        (A O 

••   *        «        4)        <•' 

O O      M        O       Oi 

« * - o* * oo m* o o MUk o o«          o *          o* 
• • • -••••»*-»***•- *•           •   • 
• «• «#•**#»« Airt'ii'i^n**'!** ^ •"*          •* ^ 
4) A*  41 KKKKK   hKKKKhNN^                 *» *                K •» 

MI oo iAO*«o**0**e*** «• PS ** P-1 * 
• .   • ..»...-•••••   ••*   •••   ••••• 

4 4> <• ««4)4)4l4)4>«4)«4)4)4>4>*.r*4)4jr»t».«4) 

tA O O jl Mi  O  ojl   ilOOill  JOO«OaOOi«aori   o 

o     o    m *     a O     O     Ji*       o of* 

I   4  4)     4)4)   «   41   4)  4)  4>   4) 4)   4)  *   4)   4)   4)   4)4)   < 

JI a o JI J* ootfliA aoiA iii a aril dia i 
•-OOOO   —   — —  — MNNN«n^lr 

|N   N   NNN   NN   NNN    NNNr 

o    in      O<A      oiAOmo 
*-*«»<•.*»••)»-••    OO i «N  ** O   r> 

iflifl Jl        lA       Jl   Jl        lA 
•*      o o     o 

a        Jl        Jl  O O 

o      o o      aooooooooooooo—— — -. — 
«       -m ••       «4)-4i«4)4)4)-*4)4)4>4)4>4i4)4)4)4>4>- 

lA        ifl   O OtfllAOOlAlAOQiAiAOOiAiAOOiAiA 

n       tA  lA 

iA        OiA O 

<A  iA 

O iA 

Jl Jl  Jl Jl Jl   IAIAIAUIIAIAIA  iA tA  AliliilJIiAJIiAJI 

i   OlA   OJtOjlOJIOJI 
i — — IN r* <-i mr rifliA 

tA lA 

tA   O 

•A        tA       IA  I Jl        (AiA Jt       tA        iA  lA jtjlJljljiJlJlJ*JlJlJl 

a        a       O O        —       -•       — « 

Jl  Jl Jl   lAtAtAiAiAtAiAiA 
Jl Jl Jl lA lA lA Jl Jl Jl Jl jl 

I  O  OlA  1A1A  O Jl tA Jl O Jl 

v      »• o      a      o      o o 

iA        O O O        tA        JltA        O        O        OtA ill     «      o o      a 

loooooooooooooooooaaoi 
i Jl   Jl Jl jl   ifltAtAtAiAtAiAiAtAtAtAtAjliAtAiAi 

Jl   Jl Jl  O   a O Jl   tA  lAOOOtA   ill iA  O  OOtAtA  t 
r>  »-  ••   O   OOOOO — — —•• — •••*•  M «4 «H M  I 

8 
r *• »- » *  r »- *• »• » r e T   «• rr r ryi jijtJijijijijijiJi JI JI JI tA iA   lA tA   iA 

lA lA o o 
IN 

O Jl 
(M   ft 

O O 
0% 

OtA a o 
w 

«  lA •A   OlAiAiA    O Jl  Jl   OOOiA   O O O lA  O 
*-  Jl   Jl  Jl J>    «-44NSKS««««»- 

OiA lA tA   O 
•»•>•••>   O 

*• * » *• r  *• «• •• »- *- •^ »• W  •* •* »• »• *• r «-«>«'«>rv'«>«'«'«>«>«- r r rr yi 

lA  O 
W lA •    • 
rN   r* 

ji 
in 

o 

IN 

iA   O Jl 

IN 

O 

*N 

IA  O 

•   * 
CM  ** 

Jl 

• 
IN 

o 
o 
fl 

lA   O 
o «* 

tA   OlA  OiA   OlA  OlA   OtA  OlA  OiA  OtA 
->NXIfmrrill|ll44KK*   •  9-   » 
•    ••••     •••••••••••• 

OlAOifl   O 
O  O    —  —   TV* 

9-  T   * 9-   T 

IA a JI o lA    O tA O lA   O tA o tA   O IA   O t«   OiA    OtA   OiA   OiAOtAOtA   OiA OtA   OtA   O 

T        *•   W W »• 

lA        «A  O O O 

O      O O       o       o 

lA   tA        iA 

a o 

O        OO        iA       iA        lAO        Ol 
»-       a      o o      oo      o — 

LU 
_i 
CO 

2 

3M 

in 

m 

OlA 
w w 

in •A O lA 
lA   tA 

in 
tA 

O 
41 

O o 
4) 4) 

»n O O  O tA  o Dm iA 
r*. m • • • 

lAOlAiAiAOWItAOOOtA   OOOiA   O 
• •>•'   ••    »    OOO—   —   ——    fN*^IN»Mn 

tA 
O 

IA IA 
O O 

O O O iA tA ifl O O o in 
<N 

lA    tA 
»4  M 

O O Om IA 
m <* to ^t m 

Jl   OOOiAiAiA   O O  O Jl tn  iA  OOOiA 
01 * * *   *-*-*-JiJtjijiJiji-«4>«« 

r* r* r- «-* ^ r*. r^ f* r«. r* r- »s. r* K p*. r* »*• *»»»» FN. ^   ^   rv   Kr.rs.Nr*KNN?s^r*Nr«. 

O lA lA 
*4 «N 

in 
<N 

o o o tA in tA   O 
#1 »• 

O 
r 

o tA   tA tA   O   O o«A 
T ai  tn i/i ji 

Jl  Jl    OOOJtJIJIOOOJIJIJIOOO 
Alfl  4 4   4)4)4>4)^^KKp^r>.A>aia 

rt  ^ o fl »^ « rl rt »n *n rt <H 0% "» rt n n m t*t m n 2 n i^rtrtrt^ m^i^^^m^*^ 

tA lA o o tA   tA O O o in O 
o 

o 
o 

Jl   lA 
o o 

O   O   Jl  Jl Jl O Jl  Jl   O  O Jl Jl   OOOlAOoiAiAOO 
NMNAnmArrrrAjiiAiA • -« 

<N r* *4 >N <N IN    <N <N IN IN M rt f» *> rt t-1   i-P    «  fl r-l m« «»^^rt^rt««^^ <*i o ^ o i-t 

tA -• 
<N 

a o 

(N 

J1 o a 

fN   N 

in Jl 

fN 

iA   O 

•   • 
<N  f« 

Jl Jl 

*N 

o a 
o o •   • 

1A1A    OooiAOOtAiAOOlAiAiAOlAjlOOtAiA 

•    •    •••     ••••••••».-•••••• 
n n  •^<-i««n'-)'-ii-i^n1-»nri(-im'^«n«-if*if-i<-t 

O 

IN 

tA lA 
-A  -• 

a o o O lA   lA 
f-   ft 

N   «4 

a 
(N 

#1 

O • 
«tl N 

OtA O •• 
f4 

o 
•• 

(N 

iA   f) 

<N   IN 

O  O iA IAIA OiA*   o o J» in   OOOtflOOiAiAOo 

rt rt « rt « «-i i-i « »n n n f» n^rt^An«^nA#« 

OtA IA a IA 
oo o 

iA O IA 
-•O 

(A lA O tfl 
m —«N   (M 

*A 
fN 

a Otfl  tA OtA O  O 
1lA 

3tfl « O IA o   OlA    Orfi  o 
A4)   ••  rsK » ••> 

IA a tA  a wi OIA  o*  amojioiAOiA 
»-   O  O  —  — NNrtflr  4T Jl  0I44NK 

«a 

tA 
41 

tA   O 

•   • 
•A lA 

tA 

tA 

a 

in 

lA    O 

IA   1* 

tA 

tA 

o 

tA 

Ml   O 

•   • 
01 « 

tA 

• 
o 
• 

tA 

m   O 

•   • 
lA   * 

JI  o tn o«A 

•  •   •  • • 
« 4)   4>«« 

OM   Of   OM 0«>  O*   OJ»   O*  OtA  O 

*•    •••••••••*••••• 
4k4)  4)4>4)4>4|4)4l4l4>4l4>41i^A**» 

11-20 



ESD-TR-72-011 Appendix II 

o*« o o — w *•» 
«•        O **        O   «£   oO • 
->      MP% M      «   PV* ew < 

^ *    * 
«o     o 

P*K * **   *•* r*» * ^ 

OO O *   OO tfl o 

K        pk, «*•.       f» IK^   p* -• p%        -« * 

o o o « o o * o*  otf> t* %m * o 
rw«  —   -»   — n   n  - .           r    Nh«4^» O*    »>  *    M •" •  •> 
•   •••••••             •••*••• •••••••* 

** • • • • • *      • r • « • »» « ».• m + •> » * * 
**  ***««*          **»«,«**•>* + +    « *   « K   ••   * 

rfiia QoiDiitoO     JI « o o»« •* o o* in o o * m ° 
«-r tfi •*»  in ui * -•       *  •• ^ f. r* »*• • mm «•>•.*•>   o 

*     S* 

i MI a« o     tn IO  DlAO«i 

IMM**MM    MNMMMMM< 
*   * *   -•  *    *•*   +•*•••••+•* 

on o (• OtHQi" 
** is K 

a • i/i a m o tn o 
• »  v-  o o - 

•A2 M O i*  O ill  O 
«M Nn M V V •* 

tfl iA  III tfl tfl 
tfl  O O — P» 

IA   O O          O tfl O 
-• K p-       tfi tfi n 

tf» tfi o a o tfl tfl O iA tfl 
V •*  V tfl tfl 

(•OOiA 
•^ •  •>  « 

til • O B I* •*   O O a»«n   o o ji JI Q a 
O"  -*—  — — M •* 

tfi a tfi o tfi 
M tfj *  — *«l 

O ill tfl   iA tfl ill o 
m — •>  W M M — 

tfi o tfi a tfi 
•A M n n *i 

o o o o o 
»- ^  — J» • 

** * * 
Jit* •* I* 

4)4 ••  * 
tfltfl ill * 

* * * .# * r-. *- 
til ill Ji tfl O * 

ps** *»** r* K p*. K 
Jt*  tfl 1*  ill til tfl ill 

r<k r« M p^fs. 
tfl * * * tfl 

IN   *-»  ^     ^1«1 
*    *    «      I--    -•     "•    * 

p*> rt n n n 
tfi * * * * * tfl * *  tfl 

•• * ^ P* 
Otfl  0*A 
• OO* 

O 
O 

tfl   Oi«OIIO 
o — _ M M n 

iflQ tfl O oi  Otfl   O 
«* etf» «** K 

tfi tfl O O ill tfl tfl O U^ O tfl o 
1 •  N rj   o Otfl 

tfl lit tfl o tfi 
n tfi M * * 

ill tfl   O tfl tfl 
44iANN 

tfttfi tfi *• Otfl tfl •« 
tfi in in *n 

4 
01 
****** 
tfl iA  tfl tfl tf> tfl 

** ****** 
tfl* JI tf* tfl tfltfl  >* 

* r«* •» M * 
tfi ill tf» * tfi tfl *  * vO   •« * tfl tfi in * ill tfi tfl tfl   *  tfl tfl 

lAQ   O O 
c * • m 

iA o o o 
Oo » » 

JI o o at tfl O o 
o o o o o — 

IA1* JI o tfi tfi a 5 
-.—  —M  M M«  M 

o a in o o 
« m • « «• 

o a o o tfi o a 
O   *• »    N «• tfl A 

tfi a o a tfi 
* »• * tfi tfi 

a O o Otfi 
* • P*. * m 

^ KN   ^r*p*f*rfcK.-*p 

CJO  Oil   JlgtoO OiAiAtflOQOai'tflOOOtfl 
»-v» ««««»«•       rrvriAtfitfi  rf|tf*tfi**** 

tfi      Jiinooi 

tfliA tfltflill|Atf|tf>        tfltfltfliAtfltfltfl 

lAtfl tflOtfJtfloO OtflOoOtflO    o**» tA tfl   O tfl iA   tf» OOOOO        tflOOtfltfltfltflOtfltfltflOtflOtflOtfl 
OO   O  —   —-•  M  ** MMrt^rt*^»"^»'r»tfltfl||l* *p%r*#-p* Pvifl-»JtU1»PO«-NN-rlNN 

IAO* onoiflu iAOtfiotfiutf*   a"1 a tf)  o tfi o ^ 
Mm ^tf-W-tfltfl* **>r»«a*-*>     0°«*-*MM«*l'*t 

••»• »•»•»••-»'»• »'«-*-vr*'«'tf|tf*tf«iJitfitfiiAtf* 
9-T   *•   T   *• 9-   T  *• **•*•*•*•**    a-*'*-*'*-*-*'*' 

tflOtflOtflOtfl0 tf*   Otfl   otf*   3 J*    o*   otf<   Otfl o * 
o— -N Nnrt r rtfiiA-A*^^'   •••••'   o o — — 

ui   vi   III    - in v>    — r*     r.    —   •"uiiji*""*"    »*• 
*-   T   *   JI   » TJljiJivlJlJ    ffjirrrt; 

OtAtflOO OiAOtfliAOOtfltflOt 
v**r»* P».P*.JI— aj •>•> • •> 

i a tfi o 
r tfl tfl v 

tfl   O O tfl  O I 

LU 
-1 

2 

r»- •" «•  *•»•»• : 

a o o ui JI ai a       ootfi, 
itfltfltfliAtfl*        **•«< 

tfitfitfitfitfi      jitfitfi i tfi tfi tfj •• tfj 

• •* •* •• •• •• *      •-^r»-*,^'»'*»-»e»'» 

I tfl ill   Otfl tfl til O tfl tfl   o O  Otfl    O ° Otf»   O Otfl 
I «  «   r T   »   •" lAtfliA****^^^^*)**) 

000««i*   O   0°4lM00   O       tf*  O tfl in   O        OtfltflOOtfttfltflOOOOOtflilltflO 
»•••*••-».•'».•>••   00°        O •• »  ^   —        00»    D---N^Nfltflflii» 

tfltf*   O O   Otfl I 

lAtfl  tf*   O   OOtf»  > o o o tf>  «* tf*    O ° Otf* tfl tf* a   °       OtfltAO 
O O  o  O   O o   — — — —  —  — r«j   M        MOO-* 

O        Otfltfl   OOOOi 

I   tfl   O  iA LA   O  O *  id  OoOvl   O   0tflj|   ooiflifl   " OtfltflOO tfltfltfltflOtfiOOOtflOOJItflOOtfl 
I   * f^   f»>H. *  • ••••o-»»'Oo00—  — — —    "" MMMM*^ MArtMrrv1JI4«4  444»hK 
•    •••••* ••••••••*•••••* ••••• ••••••••••••••••• 
i**innn*n*2 **i*,i^irtMrtr^*,e«-»'tf-rr * T * * w *•**«•   T»-*-»-»-»-r-r*- r-*-r»- 

i  OIA   a o JI tfi a oji JI JI   Otfij|Ootfttfioo   ° tAooiAtfi ono  oatfitfitfitfitfiiAtfiaotfitfio 
I   « *   KK P^f* »«•««»-»».    OoOO— —    — -»MNMM lit    Tf   f f   r iftifl /  JI  * 4  4 «N 
  ••••*•••••*•••• ••••• «•••••••••••••••« 

i n r-i ^ r\ *\ <-> f^M^nrtn^^tr^evrr  J ••»•***» r»r ^«-»'»»»e»*»*,e»^» 
i nn «nn<i nnAnnnnnnMnrtfin " «p|rtd A •nim<^n^nf^#iA»'^MMA)AtAt 

i   tf*   O  rftiA   O O tAtftooO^Oo^tAOatfltfl    £ O tfl  JI   O O tfltflrftiAiAOOOOOOOtfiJiO OiA 
tfl  *    ** fs  P* KK««»t»»»ftOA OO    ° — — — MM M^rt^lt-i-'tf'rtfliAtfltfttfltfl*** 

i     •••*•• ••••••••••••••• ••••• •••»••••••••••••• 

«*>Mrt««««A»   **        ««««« 
*••»••»•'•••'' 

i  a* otfi otf*iA oiAOtfi o«n a m °m Otft o«   QQ4 OK» o« AOIAO oomooifitfji* o o o * n « 
••••  oo-*—— MMt^A»r •'tftiA'*«'"f**>«i •'in*' oo-«—*MM«-i«<tA>-t«>e«'*>«>tfitfitfitfitfitfi 
*••••"•»•••••••••••••    *•••-•-*•>•>••••••••**•••• 

t«iNri1nr»nl.n-nrtrtirtl1rt^nr,-n  ft-rnrvrvvrvr vfrrrrervrvrrrr 
I rtrt  <nm n "N  r» »n »*i *-» n Mrtin « « n n *«   M^Mptif^AKn^Ai MM M«M««*%**««««« 

u) Oiflom  O       tf*   OJI  o J»    °*   O^omotfio*''        Otfi O*   O tfj   Out   Otft   Otfl   Otfi Otfl   O tf*   Otfl Otfl 
MMMrr>A      iA*«n.f*.«t*)»»'ao-«i _ „,   M      O M W- 9 JI «««Nh ••»»ao- — M M M « •  •  * *  • ••••••«•••••••••• 

« • * * * •••0«|O00O«>tf>*'*'»»t>*> 
***** *****4>«««*)*i*<*4>«** ******     ***<•***«*••*** 

11-21 



ESD-TR-72-011 Appendix II 

* i» " *• on • • • . . . 
oo<*          o — « 

SSSZZSSS   32 •   •  • ••••••••       •   • 

5S£SS2SS£2^S*S'A?'JSSS'2 2£2S2SS,S2'iS >t ? ifliniflifl-*  <«-««»> 

I lA lA lA lA V W «-   T  T Ji   ifl 

i * «4 «      «      4 « 

A *A in J» JI ifl i« in jt in >fli/i*>fljnnjiJiJ> 

• ••••*»•»••' DODO««««NNNMHMf|fltf tr#dlitM 

uiinintAMiAiniAiniAiAiAbniniAintAtniiiJiiAiArfiiOiA>'>iAiiiifitAintn 

000<AoOtfliAiAOtAiJ|iAOlA«A   O O O lA   OOOiAO  Oilji^   ci in in 

IIAIAIAIAIAIAIAIAIAIA 

JIM  (A  -flifl   ji  i nn J> jt J> u« jt J»  in jt in in iAiAiA*iAiAiAiAtAjttAiA 

in  o m  o m  o •A   QJ1   O lit   O | 

R 
*"   r   *"  **    *  *   »T  | 

«000|AOOOillOOy|illiflOifli<lrtl ' ° ° **  ° P*        *"        iffOlAi 

»"#•»•«•   *•  W  W W   W  »• 1 

i u* o  o a in in in  oa 

M in   JJo  ODifl   iflifl   OQ  OIAIIIIA    OOOi 

i ••••••••**   • - 
r «• r r *• •• r i 

IA      JI a ooi O  OOJIiAiA 

Ui 

2 

ftJMAl ix«o«sssr?»?;y »m»SSS* •i-i <*J^%K r- K••••••»»»»•» 

«-»• •• ^ »• *• *• e rrvvvvv»> 
r* M "i •* M MM 

9- T 
«« fl N M M N 1^1 

W5 ssssssss^-esff ss^sss ss £22"i*SS o SSSSSO0,J:S5S5S 
??? ooooooooooooo ooooooo 

• •   • *••••    •   •    •   ••••* •   *   •   •    • • • •:•: SSS2??? 
•  •••••• 

r ?2SSSS"5'&2 2 2'i'i •    ••••••••    •    ••• 
Ml* "?i«-i ?,?;•;-•-•;•- "ss"r;ss •ft « rt rt rt*  « .-» ^ 
&2! SftS^SSSS^iCS s^ssts- SM SSiSSSSS s ssss^ss'S.sis'as 
£S£ J> JI ./. inmuiimnuiooniiij! SSnASSi V. *«£«*££ - 

?r; ̂ ^%°if§gSS22- iisssss ss ???lf^5S s i'i'js^^^i'^rj:^ 
*•<*•» <-i 5SS55SSSSSSSS SSSS33S ss sssssss s sassssssaasaa 
ass ^srs^sssss'ss 22-SSSS 55 SSS°SSS s SSSSSISSZXSSS 
sss 5SSS5555SSSSS sssssss ss sssssss a SSSSS2SS5SSSS 
5^ zxssssffissss SS2t2°5SS sssx??i ? S5S2S^SS^^^^^ 
sss 55SSSSSSS5SSS sssssss S* sssssss s ssssssaasssas 
^s tssssssaagsss sss??:s ?s 00SSS22 S22221SSSM*S5SSS 

Ifl   DM   O*   Orfl   OtA Orfl    OiAOtfl   OMQiAO 
«Kr^ •>*»•»   o o — —  Mmtmm w m-m  *A •• 
•>»•*•" •> •»*  oooo ooooooo oo 

»-»«-% r-»   #-|   ^i   «|r|   | 

>A OtA   O*   OiA 
••^K   • •  • *> 

_o o o o o O o 

1 •* ••*•«*»-• * 

11-22 



ESD-TR 72 011 Appendix II 

o* o « 
PN *- • « •  •   •  • 
o o o o 

r» *•» p*        i*. •>• pv r-        IN. 

o    * o m 

r» PN     KK r* 

lO*   OOiHOM O  O *•   O *   OJI 

cut 01A J> a a J» JI o o IA ai O O JI J> oo«i«ooiiii aoii      JI      00* 1AOO1A  lA        a I 

ao 00 a o ° o o oooooooooooo* 

lOJlQ   lA  O*  OJI   OJ   a Jl   OtA   0*   OlA   OlA  O lA O lA   Old   O 
•00—  — AI *• #«l * » •• j» rfi <A •• K »» «••**-  00 — — *•** m 

Oli   OiflQ«OiA        QiD  Oin 

jt-*  * A ««*•«•• *««*««.*« ««««ti»r*rvr»> »N. f* IN, 
« « « « <A « * * -o ««««-•*«•• ««««.«.•-•* * * * 

IN. PN ^ rN.fN.r-.rN r-* 
I « <• *j 

3 in a o 

r«* A- »• rr'**1*'**! I U) lA LA ui if) >n «• Jl lA Jl 

AOiAO  lA a tA   Oifl   Q iA   Oifl    OiA   O J»   OJI   a i«   OdlOiA 
~-N4 *s*<-»   Hr ' «iA   4«KK  ••»»    OO-   -NNrtrt 

O        tfi        O *  O ill  O I 

00 OO   Oo°OOQOOOOOoO- I »* **  N N 

ifliA  OO  IAIAOOIA  *0  O j|  J» O  O J>  Jl O O Jl t 
A>.».00   00""-"—""**WIAI*i»,l«r'*««IA*A*A,i 

lA        tA  O O 1 

JltA lAiAiAtflirliAtAiAiAtAiAlfliAiAtAiAiAiAtAiAiAtAiAiAlAtA        ^        Jt  ill 4(1 y) rf| « iii   rf)       lA Jl (A m 

J) Jl *A«A   <Aji«flJiii   ifliflJiiflJtJiji'i'jiimi   1A1A1 

OUI   OiA    n j|   OIAOIAOIA   O ** O J)   3|fl OiA   O IA   i 

JI  Jt  Ji   iii  JI  .it JI   JI 

Jl   O lA   O J»  OiA    O 

iA A A j| Jl  Jl Jt 

Jl   OJI 

»"*•»•»•»-»-»• 
O  O O O        O 

O       IAOIAQIAOIAO       Jl  a Jl  O        Jl   O Jl 

r-- r-.  •>. K    ^r^fvr-.f».pN. fNfN.rkrNP^r^rN.rs.fSi#KP^^r^P«,rsr^fN.r>. m m • * 

OiA IA m 

OO OlA   Jt jl   OOOUItAtAo   OOj|J>JIOOOiAiAiAOOOJt 
OO OO   Qo,"','-",<''-Nf*NNl',NnflnAnnrHff 

*• » r »• »• r »• 

J1   OOotfltAiA    O 
r«AiAtAtA(A(A   -• 

UJ 
-I 
CO 

OO tAiA    OOOIAOOIAIAO    O Jl jl  J»   OI/I lAOOiAtAOOOtA O        OIAIAOOIAIAIA 
«-•-•-•   f^rN^-rN(DflD««»-   flr- A» A-  »-   ooo   ----N   NNN       #•)        n   <i *i r r  r a-   «• 

— -*—-•-*-•—-•—    — —  —   — »M N rsi   NHNNN   NNN 

iAtA<AOOOtAiAiA    OOQtAjltAOOOAIJJlAOOO JIlAOaoiAlAiA        U O   O ji        lAlAO 

JIO Jt O   *0*  OA   OlA   OiA    OJI   O »A   0«   Q iA  O tA  O tA   ' 
r*|»  T J*   iA •*  -A P* **   10 <o  o- v-     O O —   — r*r* rn   Mr rtftl« 

OJi   O m        qiA  O 

mrt r»i «   *» « M « * 

OiA*AOOiAiAiAOiA<AOO^|iAoOOiAOO<AiAO        o 

m   "» **>  «•> <-,   *i r>   i 

Jl  Jt Jl  O Jt  JI O I iA   O o        O tA   O 

•AiA lA <• 
f»fi  ** *l 

•AiA   OlA 

in   "i -i «i r-i   t i -»  ^ nn ^   ^fl^rt^imn 

O O J» (A        (A   OUI 

I   OA  A OO A« AO AAO  OjitA  oOOlAOQiAlAO        O       «>«<*Q««0   O 
•••-•'  oo  ooo—   — -N  •NNnn   innri-  rr JI      *      JI A JI«4 4N  K 

»**••*    4   ••   « «    «<A« >«« « ««<*««««« 
lAiA OO 
HA •• r • • • • 
JltA IA<A 

OtA  **• A  O   OOiAtA    «A  O o   OiAtAj)    OOQiAifl   lA  OOOQ lAJt  <** OO QA Jl i 
rt   'tifl   JIIAJIJI   JIA-A   «444NhhNNK««   0« Q«f«AlA>€r>A>»> »l 

•    ••••*•••      • . •••••«••     • 
JI   J»mjiJlj»J»JiJi    r ji ViA   J» J» JI J>   JIJI «A iAj|iAtAiAiAtAiA«A    & 

«#»^»n#^    r-t n   r-l o    « 

NO JI   OO       o Ji   O 
r- I-N m m      m m •- •   •   •  •        *   •   • 

i Jl O   OOOJJ  J» lA 
i»o  o o • O OO 

ON 

(JKX 

O j)   OjtOJJOiAOtA  0«A    0«| ojt    0*Oi«0«Q« 
•>•-   ° o —  -HNA   flrr  J» J> A A   ** »N. a • m-   9-   OO 

11-23 



ESDTR-72-011 Appendix II 

OOO  — —       KM 

P*»S»» **• I*       f*#«» 

i»      am       o« OMi oo«   o « oona*o«     ois 
•   •  *   • ••••••••      •   • 

Kl  « ^ lA t*M»MA«*et«M        «•   *• 
**. r» i*. r«. N r>K*»KKNK      r* p* 

liKO o ilrilOOKllOOUI«00**l*Oai 
tA K> •> ». •'^oooo—— ——iMM^^on' 

.— —«        n  — — 

a m o o     LA « o at     OKIOK»O*OIAOKIOIAOI*OIAOKIOKIOKIOKIOK*O 
KIKI   <••       A) Po •)   a       »»00«^NNKlirri««44KK««»»   o o — * •• 

OlA* » O       KM 

OKI   OKI O 01  a  Kl 
r- r»   •   Q        — ••   O    0 

* -•   « •«  « « •* < « <• <•   *   •» •• 

DO O  O 

1AOO1A 

o     o o      ot 

in OO        IAJI    OO        OiAOo 
0%      • »        *• »•  iii **»      fi KI «  « 

o OO o o o o o < 

I««00«IAOOI 

ooooooto OOOOOOI 

*-        r r v r   ** O       o »" r   »• 

O        Kl  O        Kl O Kl  O       Kl   Oifl    o 

I Kl  Kl tfl        Kl  Kl Kl   m       iff i 

UJ 
-I 
00 
< 

>*  o«om otnOiAOtAOk 

ill       Kl Kl       IAIAIAIA      at Jitii rfi      1/1,/iinifliniiiJiLnJirfiinjiJiuiJijiiftifliriftifljiLftinifliiin 

Kim •#) o 

r   T T   T    T   •St 4/1    V   V    «• 

Oifl K* Kt    OlA OtAiAii) OOOKlKlKIOOOiA   Kl Kl 

* •        «   "^  »-   rv        r^r^fk^K^^Kf^Kfitl •   • to   ••••*•«•<•   m m m 

lOOOKtKIKIOOOKIKI   Jl   OO 

mm m m 

oo o Kl 

i *»•       « « «•».      ^  fi ' 

tA   O O Kl Kl   O O O Kl O  OKI 

r e »• »• »•* »•«• a-ra-r T  »•»• 

moorfi IA KI OKI KI OOI/I KI on 

MM        MMMrt       o r* r>  , i   *«l «*t    ^irtrtf-t-nrtf-t^n   ft I* *•» « inn nn 

o o 

Oifl 

O '3   O W        •*  O O   o OOO  oooo  OOO  OO1 

illiilO   OQi/liAdl   O Q  OKI  • 

» •»       i> •   OO      Q O O a     OOOOOOOOOOOOOOOOOOOOOOOOOOO 

o o 

**«»•» n ««•!»•» ei m n *•» « 

Jl  irt tn    OK)  I* © O Kl tA    O O 

n« »* n ** »•» **i « ^rtrtrt n n * 

m'm n  m A) rt A) n 1 ** rt o 

o     oo     o- 
tA OKI Kl    OQlA tA   OOOKI   O  OKI 
•••«<•<« *»*»«*»» m m m m + •- + 

OO   O III   Jl 4|   o •A  O 
— r* 

mm  m m       --><-» m n 

•A OO Kl Kl  OKI   OOQ 

mmmmm**mmmmmm**nmmmmi 

•AK I 

f| ft   f*l   1   r- r>    K n » 

**»« •*  •*       «- «• I 

KIKIKIO   OO tf> Kl  Kl   OOOKKK 
KIKI Kl •«   ••««••   •«K#>»t«.ftf*r>k •   •••    •   •    •    •    ••••    •    •   • 
*-•*••   ««««««««   ««« 

Kl O Kl  O Kl   OKI o 
MM   o » * Kl Kl « 
•   ••• •    •     • • 
<-*•*•» «-«-.«- r 

fv  r* i^   Ftp*.  Ph**^   Ns  Mv   KNNh   r^K4>^KA»«^Akf^A»ff>kp^ 

11-24 



ESD-TR-72-011 Appendix II 

became a smaller, more manageable package, and it was now possible to provide 
information to the field in a form less cumbersome than the Mutual Interference 
Tables. Thus, a circular spurious response nomogram (Figure 11-1) was developed. Its 
purpose is to provide the field communicator with a means to determine quickly 
the frequencies that will be most likely to result in strong or persistent spurious 
emissions and responses in an AN/MRC-134/135 receiver, under normal conditions. 

Procedure 

The  procedure that  follows  is for using the nomogram illustrated in  Figure 11-1: 

1. With a straight edge, line up the received tuned frequency (on the 
outer ring) with the center cross of the nomogram. 

2. Read and record up to three frequencies (one from each of the three 
inner rings).* Add ±50 kHz (one channel) to any frequency recorded from the 
innermost ring. 

3. Avoid all recorded frequencies, in addition to adjacent signal guardband 
requirements, when operating a transmitter collocated with your receiver. 

Example 

By  performing  the  steps under "Procedure", above, for receiver frequencies of 
50, 57.5, 71 and 76 MHz, the following results are obtained: 

Receiver Frequency (MHz) Spurious Frequencies (MHz) 

50 73 
57.5 34.5, 51.75 
71 48, 65.25, 35.5 (± 50 kHz) 
76 53, 70.25, 38 (± 50 kHz) 

Three inner rings are provided only for receiver tuned frequencies between 60 and 76 MHz. Between 53 and 
60 MHz, only two Inner rings are provided; and for frequencies below 63 MHz, only one Inner ring appears. 
Note that the frequencies of 30 MHz and 76 MHz appear at the same point on the outer ring, and that only 
one inner ring should  be used  when  the frequency  is 30 MHz but all  three  inner  rings are  used with  76 MHz. 
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APPENDIX 

VHF MULTICHANNEL EQUIPMENT FREQUENCY SELECTION AND 
SITING GUIDE 

GENERAL 

The selection of frequencies for collocated operating transceivers must provide 
for channel separations to preclude adjacent channel signal interference primarily. In 
this type of deployment the possibility of interference from intermodulation and 
spurious signals and responses is present but of lower order concern than the 
adjacent channel problem. Accordingly a simple procedure for selection of 
frequencies based on adjacent channel restrictions is provided here as the first order 
consideration for cosite electromagnetic compatibility. 

PROBLEM  ELEMENTS 

In order to prevent adjacent signal interference, the communicator must choose 
frequencies which are far enough away from the receiver tuned frequency to be 
outside of the adjacent signal area. The question is, for a given set of conditions, 
what guardband is required? Knowing the length and type of the communications 
path, the distance to the closest cosited transmitter antenna, and the equipment and 
antenna arrangement, the field communicator can determine the strength of the 
desired signals he will receive, and the cosite frequency separation required, by using 
the path loss and frequency-distance curves in this appendix. 

Marine Corps VHF receivers should not be tuned to frequencies that involve 
interactions with an internal oscillator or are multiples of the receiver intermediate 
frequency. The frequencies to be avoided are (all MHz): 

AN/TRC-166 (PRC-25) AN/MRC-134/135 (R442) 

34.35 34.50 
45.80 46.00 
57.25 57.50 
57.75 69.00 
68.70 
69.30 
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PROCEDURE 

1.   To begin, complete the following input information: 

a.   Antenna Type: 40-FOOT LOG PERIODIC 
(AS-2236) 

30-FOOT LOG PERIODIC 
(AS-2851/TR MANPACK) 

10-FOOT WHIP  

b.   Type of Terrain: SMOOTH PLAINS 

SLIGHTLY ROLLING 

HILLY       

c.   Type of Cover: 

MOUNTAINOUS 

VEGETATIVE _ 

DESERT  

MARSH      

LOW d. Band of Operation 

e. Desired  Link Path Distance 

f. Is there a jungle canopy? YES   

g. Equipment in use: AN/MRC-134  

AN/MRC-135  

AN/TRC-166  

h.   Is there a COSITE constraint? 

YES (Antennas separated by 50 FEET OR LESS) 

HIGH 

km 

NO 

NO (Antennas separated by MORE THAN 50 FEET) 
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i.   Is diplexer in use? YES NO 

j.   Antenna Polarization:        VERTICAL 

HORIZONTAL 

2. Enter TABLE 111-1 with your combination of antenna type, terrain 
roughness, and terrain cover (items a., b., and c.) to determine the number of the 
appropriate propagation chart, and find the chart from among Figures III-3 through 
111-21. 

3. Enter the chart at the bottom with Path Distance (item e.) and draw 
a vertical line to intersect the appropriate curve (depending on type of terrain and 
cover). 

4. Draw a horizontal line from the intersection to the left edge of the 
chart (Basic Transmission  Loss line) and record the transmission loss. 

5. On SCALE 1 of the DESIRED SIGNAL STRENGTH NOMOGRAPH 
(Figure III-2) select the appropriate combination of equipment type (itemg.) and 
antenna type (item a.). 

6. Find the point on SCALE 2 corresponding to the recorded 
transmission loss value (from step 4). 

7. Lay a straight edge between the selected points on SCALES 1 and 2 
and mark the intersection with SCALE 3. 

8. From the intersection point on SCALE 3, lay a straight edge 
horizontally to the left and note where it intersects the S/R Ratio column as 
appropriate to the equipment in use. Read and record the signal strength (marginal, 
medium or strong as indicated by the Legend). 

9. If there is no cosite constraint or if no diplexer is in use, locate antennas as 
antennas as far apart as cable limitations will allow, and refer to step 10 for 
frequency guidance. If there is a cosite constraint and a diplexer is being used, use 
frequencies which are separated by the following amounts: 

Equipment 

REQUIRED FREQUENCY SEPARATION (MHz) 

LOW TUNING RANGE HIGH TUNING RANGE 
Marginal 
Signal 

Medium 
Signal 

Strong 
Signal 

Marginal 
Signal 

Medium 
Signal 

Strong 
Signal 

AN/MRC-134 
AN/MRC-135 
AN/TRC-166 

2.85 
4.85 
2.35 

1.15 
1.95 
1.40 

0.55 
0.90 
0.90 

6.60 
11.30 
2.35 

2.65 
4.50 
1.40 

1.25 
2.10 
0.90 
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10. Find the Frequency-Distance chart (Figures III-22 through 111-31) that 

corresponds to input items a., d., g., and j. 

11. From the point on the left edge of the chart corresponding to the 
distance between cosited antennas, move horizontally to intersect the appropriate 
curve (depending on signal strength-see step 8). 

12. From the point of intersection, drop vertically to the bottom line of 
the chart and read the required frequency separation. 

13. Choose a transmitter frequency that is separated from the receiver 
tuned frequency by at least the amount of separation indicated in step 12. 

An example of this procedure is illustrated in Figure 111-1. 
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