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OVERVIEW OF THE STUDY 

This document reprerents the test results, analyses, and conclusions 
of a study of the U. S. Marine Corps Landing Vehicle, Tracked, Communica- 
tions (LVTC7) antenna system. The specific antenna system recommenda- 
tions contained in this document are the result of measurements obtained 
with 1/12-and 1/24-scale brass models of the LVTC7 vehicle. A different 
antenna system approach is presented which incorporates a new broadband 
vhf antenna design. Possible design approaches for a vhf multicoupler for the 
broadband antenna are discussed. 

OBJECTIVE 

The primary objective of this effort was to recommend a new antenna- 
system design approach (including rf distribution) for the LVTC7 vehicle. The 
proposed system should be the best compromise for overcoming the problems 
with the existing configuration within the constraints imposed by vehicle 
structure design and equipment selected by the Marine Corps, 

This objective was to be met by using modeling techniques. Two brass 
scale models of the LVTC7 vehicle (1/12 and 1/24 scale) were built. These 
models were also to be used to compile a comprehensive set of radiation pat- 
terns for both the present and the proposed antenna systems. 

SCOPE 

The scope of this study includes the following: 

1. Model measurements at 1/12 and 1/24 scale to analyze the present 
antenna system performance. 

2. Model measurements to simulate land- and sea-deployment 
conditions. 

3. Comparison of previously measured full-scale data to establish a 
relationship between the actual vehicle and the two models. 

4. Model measurements for antenna radiation patterns ir. the azimuth- 
al and vertical planes. 

5. Model measurements to verify individual antenna designs and the 
feasibility of the antenna arrangement, including antenna impedance and 
radiation patterns. 

6. An analysis using applicable antenna and electromagnetic theory 
to estimate expected system range performance. 

7. Design approaches and feasibility determination for a new vhf 
multicoupler and broadband antenna. 

8. Recommendations for modifications to the present antenna sys- 
tem and arrangement. 

• 
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LIMITATIONS 

This study does not consid r any major c' tssis design alternatives 
which affect antenna placement, nor does it covt, the below-deck layout 
requirements for the equipment to be served by the antenna system. In addi- 
tion, measurements were not made for the single uhf antenna on the LVTC7. 

BACKGROUND: PROBLEMS WITH THE LVTC7 
ANTENNA ARRANGEMENT 

The LVTC7 is a full-tracked, armored landing vehicle for communica- 
tions built for the Marine Corps by the FMC Corporation. The primary mis- 
sion of this vehicle is to be a communications command post during amphibi- 
ous operations. It was designed to provide unit commanders with the tactical 
advantage of a mobile field communications center. 

The vehicle is capable of encrypted voice communication in the high- 
frequency (hf), very-high-frequency (vhf), and ultra-high-frequency (uhf) 
bands. Its antenna system consists of eight antennas - one hf, six vhf, and 
one uhf. A very limited amount of space is available on the vehicle for mount- 
ing these antennas. Consequently, the present eight-antenna configuration has 
resulted in two problems: a closely coupled antenna system and the "porcu- 
pine effect." 

A closely coupled system is usually defined as one in which the 
antennas are separated by about 1/2 wavelength or less at the frequency of 
interest. Three consequences of close coupling which result in an overall sys- 
tem performance degradation are: (1) antenna radiation pattern distortion, 
(2) antenna detuning, and (3) receiver front-end overloading. 

The "porcupine effect" means that the identity of the command 
vehicle is compromised because of its large complement of antennas. The 
antennas stick out like so many quills, making the vehicle easy to identify. 

As mentioned above, this present configuration was investigated using 
scale models. The results served as a basis for comparing antenna system 
design changes. The three basic criteria for any design change are: (1) to 
increase the overall communication efficiency, (2) to reduce the number of 
antennas without reducing the communicrMons circuit requirements, and 
(3) to improve the electromagnetic compatibility of the systems. One design 
approach to meet these criteria is to replace five of the vhf antennas with a 
multicoupler and broadband antenna combination. This is the proposed sys- 
tem analyzed in this report. 

DESCRIPTION OF PRESENT ANTENNA SYSTEM 

The present antenna system arrangement of the LVTC7 is shown in 
figure 1. 

The hf antenna is a 15-foot monopole or whip fed by the AN/PRC47 
transceiver, which has a power output capability of 100 watts PEP. The fre- 
quency range of the PRC-47 is 2 to 12 MHz. The bas* of the antenna is con- 
nected to the transceiver by about 3 feet of RG-8/U coaxial cable. The tuning 
and matching of the antenna is accomplished within the PRC-47 equipment. 



, AN/VRC-47 VHF ANT., HO. 1 (AS-1729/VRC) 
, AN/PRC-47 HF ANT., NO. 7 115' WHIP) 

, AN/VRC-64 VHF ANT., NO. 4 (AS-1729/VRC) 

, VHF RCVR ANT., NO. 5 (10' WHIP» 

AN/VRC-43 VHF ANT., NO. 3 (AS-1729/VRC) 

AN/VRC-64 VHF ANT., NO. 3 (AS-1729/VRC) 

AN/PRC-41 UHF A» T.. NO. 6 (AS-1404/PRC) 

s i/VRC-47 VHF ANT., NO. 2 (AS-1729/VRC) 

AN/PRC-47 HF ANT., NO. 7 
(15'WHIP) (PORTI 

AN/VRC-64 VHF ANT., NO. 3 
(AS-1729/VRC) (STARBOARD) 

AN/VRC-64 VHF ANT., NO. 8 
(AS-1729/VRC) (S) 

AN/VRC-64 VHF ANT.. NO. 4 
(AS-1729/VRC) (P) 

. VHF RCVR ANT, NO. 6 
jr     (10'WHIP) (P) 

)()()(ytjng 
1 

SCALE:  1/4 IN.-1 FT 

Figure 1. Present antenna arrangement of LVTC7. 



• -'-■■■»»""' Mummy^mtotmM^nviinmmWin-imm**)*, KW»* ■»in'Wi.m^-Jt»^.^ ^-* 

The vhf antenna group consists of five AS-1729/VRC antennas and 
one 10-foot monopole or whip. The AS-1729/VRC antennas are used with 
two AN/VRC-47», two AN, VRC-64s, and one AN/VRC-43. Ali of these 
operate in the range of 30 to 76 MHz, with power outputs of about 50 watts 
for the VRC-43 and VRC-47 and 2 watts for the VRC-64. The 10-foot mono- 
pole is untuned and used to feed four receivers in parallel. The first receiver 
is connected to the antenna with 20 feet of RG-58/U coaxial cable. 

The AS-1404/PRC is a uhf broadband antenna designed to be used 
with the AN/PRC-41 manpack transceiver. The antenna is used on the vehicle 
with a PRC-41 t^at has a power output of 3 watts in the range of 225 to 400 
MHz. 

DESIGN GUIDELINES 

These significant design guidelines are important to follow for a land- 
ing vehicle antenna system: 

1. The LVTC7 antenna environment is unique. Several antennas must 
be arranged in J very small area. Clearance requirements and operational 
envelopes of all vehicular systems must be observed. A broadband intenna 
capable of handling several rf circuits simultaneously through a muiticoupler 
may be proposed to reduce the overall number of antennas. 

2. Mutual coupling between antennas is a potential source of system 
degradation. Undesirable effects of mutual coupling include distortion of 
radiation patterns, alteration of antenna feedpoint impedance, and the trans- 
fer of rf energy from one antenna to another. To alleviate these problems, 
the number of antennas should be reduced while maintaining the required 
electrical isolation.\ 

3. Environmental factors that might degrade the performance of an 
antenna should be avoided where possible. Some factors in this category are 
stack gases and saltwater spray. 

4. Communications circuits must be established independent of direc- 
tion, using vertical polarisation un">?ss otherwise specified. 

1/12-SCALE-MODEL TESTING APPROACH 

Antenna performance can be measured with either a full-size or scale- 
model vehicle. Each has its advantages. Measurements of radiation patterns 
in the azimuihal plane, isolation, and impedance had already been made on 
the full-sized amphibious vehicle.' The LV iC7 was then modeled for the 
following reasons: 

1. A full-scale vehicle will not always be available for future testing. 

2. Modeling costs are usually less than those for the use of a full-sized 
vehicle. 

1 See refrrences in Appendix C. 



3. Models are easily updated when chassis changes arc made in the 
full-sized vehicle. 

4. Radiation patterns in the vertical plane, which are difficult and 
very expensive to measure full scale, are easily obtained. 

5. Antenna system design changes are easily tested. 

Measurements were first made on the existing antenna arrangement 
for the vhf antennas. These measurements can be used for comparison with 
measurements made on future antenna system designs. The vehicle was 
modeled at 1 inch equals ! foot for a 1/12-scale model. This scale brings the 
vhf frequency band (30-76 MHz) into the range covered by the model-range 
measuring system"  Next, tests were run on the proposed antenna arrange- 
ment, which env~; ys a broadband antenna. The reasons for this alternate 
arrangement aic given in the Proposed Broadband Antenna section. 

1/12-SCALE MODEL OF AS-1729/VRC ANTENNA 
Tests at vhf also required modeling the AS-1729/VRC antenna at 

1/12 scale. This antenna is a 10-foot, base-tuned, center-fed, vertically polar- 
ized dipole having an omnidirectional azimuthal radiation pattern. It is not 
a broadband antenna, but covers the 30-to-76-MHz frequency band in 10 
pretuned segments. Its gain is nominally equivalent to a 1/4-wavelength mon- 
opole at 0° elevation over an extended groundplane. Figure 2 is a picture of 
the 1/12-scale model of the AS-1729/VRC antenna. The teflon base is used 
to mount the model antenna on the vehicle. The model design was based on 
the full-scale antenna. A unique feature of this antenna is that the shielding 
for the inner conductor is grounded to the top of an outer shield. This 
ground point is located approximately in the middle of the antenna model. 

The base-tuned impedance matching network was not modeled 
because of its complex circuitry and large number of components, each of 
which would also have to be modeled at 1/12th scale. Thus, the impedance 
of the model could not be measured, but its voltage standing wave ratio 
(VSWR) was measured using the setup shown later in figure 7. From the 
VSWR measurements, the mismatch loss was calculated. 

The I /12-scale antenna was verifieid as being a model of the full- 
sized antenna, as each provided the same radiation patterns when measured 
over an extended grounoplane. 



Figure 2. !/!2-scale model of AS-J729/VRC antenna. 

ANTENNA RADIATION PATTERN MEASUREMENTS 

The basic test setup for antenna radiation pattern measurements is 
shown schematically in figure 3. The measurements were made by transmit- 
ting a known signal from the arch antenna of the NELC mode! range to the 
antenna under test mounted on the vehicle. The signal received by the 
vehicle's antenna is plotted on a polar recorder. The vehicle is mounted in 
the center of a specially designed turntabie, which is an integral part of the 
groundplane and is rotated through 360° to obtain azimuthal patterns. The 
arch antenna can be raised or lowered to measure vertical )atterns. Refer- 
ence 2 discusses in greater detail the use of the model ran* e for measuring 
antenna radiation patterns at vhf and uhf. 

Figures 4 and 5 show the model submerged in the groundplane up to 
the waterline. The model range facility, including the base of the arch tower 
and the illuminating antenna can be seen in the background of figure 4. Fig- 
ure 6 is a close-up of the model with all five AS-1729 antennas replaced by 
the proposed antenna system - a broadband trimonopole antenna. 

Energy levels are calibrated on the moöei range by the A-B comparison 
method, the reference levels having previously been determined by measuring 
the levels of a 1/4-wavelengili monopole mounted in the center of the ground- 
plane's turntable. This pro~:d»»re establishes the system levels relative to a 

10 
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Figure 3. Test setup for antenna radiition pattern measurements. 
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Figure 5. 1/12-scale model of LVTC7 submerged in groundplane to wp'.rline; 
clooe-up showing present antenna arrangement. 
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Figure 6  l/i2^icde model of LVTC? on top of groundplane; close-up showing all five 
AS-1729 antennas replaced by broadband trimonopole antenna. 
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1/4-wavelength monopole for each frequency. The vehicle antenna gain, 
which contains a loss due to its impedance mismatch, is thus established rela- 
tive to a 1/4-wavelength monopole. The impedance mismatch for the model 
antenna was added to the 1/4-wavelength-monopole reference value in each 
figure in Appendix A. This was done to make the pattern gain for the antenna 
on the model independent of the mismatch loss. Thus, the value given for 
0 dB on each figure includes this loss. 

Azimuthai patterns were taken at 5° elevation at four frequencies 
across the band: 392.4, 542.4, 685.2, and 876 MHz, which are 1/12-scale 
equivalents of 32.7,45.2, 57.1, and 73 MHz. Maximv.m agreement between 
the azimuthal patterns of the tall-scale AS-1729 antenna at these frequencies 
and its 1 /12-scale model was sought to establish the model as tmly represent- 
ative of the full-size vehicle in the vhf frequency band. The full-scale patterns 
deviate substantially from being omnidirectional, as they contain many nulls - 
some very deep. The patterns obtained from the model, however, did provide 
an accurate reproduction of these full-size patterns. Agreement between the 
two patterns was achieved within 3 dB over 90% of the pattern circumference. 
Vertical plane patterns from 5° to 60° in elevation were then taken at 0°, 90°, 
180°, and 270° relative to the vehicle's heading at the same four frequencies. 

ANTENNA IMPEDANCE MEASUREMENTS 
Figure 7 is a schematic of the test setup used to measure the impedance 

of the broadband trimonopole antenna. The impedance was measured for 
both the land- and sea-deployment cases for two conditions: (1) other anten- 
nas open-circuited at their feedpoints; and (2) other antennas grounded at 
their feedpoints. These measurements were made to obtain three kinds of 
information. 

1. For a transmitting antenna, the tuning characteristics, including 
sensitivity to change in termination of other antennas, are estimated. 

2. Compatibility of the antenna with the multicoupler can be 
estimated. 

3. Antenna system efficiency can be calculated when the coupling 
device characteristics are known. 

15 
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ELECTRONIC 

COUNTER 

Figure 7. Test setup for antenna impedance and VSWR measurements. 

ANTENNA VSWR MEASUREMENTS 
Figure 7 is also a schematic of the test setup used to measure the 

VSWR of the five AS-1729 center-fed, dipole antennas. From the VSWR 
measurements, the antenna mismatch loss can be calculated. This loss is used 
to connect the model antenna pattern gains to that expected from the full- 
scale AS-1729. These connected patterns are used in the calculations for pre- 
dicted range performance. 

The VSWR was measured for each AS-1729 antenna for both land- 
and sea-deployment cases for the condition of all other antennas shorted at 
their feedpoints. This was done to maximize the coupling effect of the 
antenna for wirst-case analysis. The VSWR was measured at four scale fre- 
quencies: 392.4, 542.4,685.2, and 876 MHz. 

1/24-SCALF-MODEI T ESTING APPRO ACH 
Figures 8 to 10 are photographs of the 1/24-scaie brass model LVTC7. 

They show the model mounted either on top of (figs. 8 and 9) or submerged 
into (fig. 10) the groundplane. The arch towers for both NEJ 1 antenna 

16 
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Figure 8. 1/24-scale model of LVTC7 on top of groundpiane, with model range in background. 

Figure 9. 1/24-scale model of LVTC7   n top of groundplane, close-up. 
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Figure '0. 1/24-scale mode! of LVTC7 submerged in groundplane to v.aierline; close-up. 

model ranges can be seen in the background of figure 8. The vehicle is shown 
configured with the present antenna arrangement in all three figures. 

This smaller model was built for the same reasons itemized in the 
1/12-Scale-Model Testing Approach section, only for use at hf instead of vhf. 
Tests were made on the 15-foot hf antenna using the present antenna arrange- 
ment. Thus, pattern agreement with the full-scale hf antenna could be 
observed. To bring the hf frequency band (2-12 MHz) within the range of 
the measuring equipment, the vehicle wac modeled at 1/2 inch equals 1 foot 
for a 1/24-scaie model. 

ANTENNA RADIATION PATTERN MEASUREMENTS 

The same basic setup shown in figure 3 for vhf was used to measure 
the radiation patterns of the 15-foot hf antenna. Azimuthal patterns were 
taken at 5° elevation at 237.04 MHz (1/24-scale equivalent of 9.96 MHz). 
Vertical plane patterns were then taken from 5° to 60° in elevation at 0°, 90°, 
180°, 270° relative to the vehicle's heading. Patterns were taken for both 
land- and sea-state conditions. 

ANTENNA IMPEDANCE AND VSWR MEASUREMENTS 

No impedance or VSWR measurements were made on the hf antenna. 

18 
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PROPOSED BROADBAND ANTENNA 

As discussed earlier, the present configuration of eight antennas on 
the relatively small LVTC7 has resulted in overall communication performance 
degradation. This is the result of excessive antenna VSWR and deep radiation 
pattern nulls (see reference 1). The presence of this many antennas can also 
compromise the identity of the command vehicle to the enemy. Therefore, 
any redesign of the existing antenna system should emphasize reducing the 
total number of antennas, but without reducing the communication circuit 
requirements or performance. 

The approach investigated here is to replay, the five AS-1729 dipoles 
with a broadband vhf antenna and multicoupler combination. The same num- 
ber of circuits could be maintained, but fewer antennas would be used. The 
following section contains a discussion about preliminary work in progress at 
NELC to seek a feasible vhf multicoupler design for this application. This 
multicoupler should be designed for use with any suitable vhf broadband 
antenna. 

An extensive search was conducted to find a broadK ~.£ vhf antenna 
that could meet the unique requirements demanded by the LVTC7 vehicle. 
The type of antenna sought had to be simple in design and construction, yet 
able to withstand considerable physical and environmental abuse. The antenna 
that most closely met these requirements was the trimonopole. This is a 
broadband antenna, designed at NELC (patent pending), which can be used 
at vhf. This simple yet rugged antenna basically consists of three vertical 
whips that are equally spaced from each other in the form of a triangle. They 
are simultaneously fed at their bases. 

Figure 6 shows a 1/12-scale mc del of this antenna which was built for 
this evaluation. It is shown mounted aft on the vehicle's centerline. Figure 11 
is a diagram of a proposed design approach for the full-scale version. The 
dimensions of the scale model, also shown in figure 11, differ slightly from 
being exactly 1/12 scale of the full-scale version. This is because the dimen- 
sions of the full-scale trimonopole were changed slightly to improve its impe- 
dance across the band. 

Radiation-pattern and impedance measurements were made with this 
antenna mounted in two different locations on the vehicle. Figure 12 is a 
diagram of the vehicle showing the two locations tested for the trimonopole. 
These are referred to as the stern and mid vehicle locations. Results of these 
tests are presented in the Test Results section. 

19 
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DIMENSIONS OF 1/12- 
äCALE MODEL SHOWN 
IN FIGURES: 

D -  1-1/4 IN. 
D'- 1-5/1SIN. 
L   - 7 IN. 
H  ■  3/8 iN. 

FEED WIRES 

3 WHIP 
ANTENNAS 

BASE 
INSULATOFN 

DIMENSIONS SHOWN 
ARE FOR A FULL-SIZED 
VERSION 

. FEEDPG1NT 

M-^F==1\-\ 

L - r 4- 

T H - 8" 

0 DISTRIBUTION 
BOX 

8-20° 

Figure 11. Design approach for full-scale trimonopole antenna. 
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AN/lfRC-47 HF ANT.. NO. 7 (15' WHIP! 

VHF RCVR ANT..NO. 5(10'WHIP) 

J 

SCALE:  1/4 IN. - 1 FT 

Figure 12. Two proposed locations for trimonopole antenna on LVTC7. 
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MULTICOUPLER STUDY 

The use of close-coupled multiple antennas on the small LVTC7 plat- 
form causes antenna radiation pattern disturbances, antenna detuning result- 
ing in equipment VSWR changes, and receiver front-end overload, as described 
previously. A method of minimizing these problems is the use of a single vhf 
transmitting antenna with a mulcicoupler for all RT-246/VRC and RT-524/VK^ 
transceiver units, it is the purpose of this section to identify probable multi- 
coupler techniques and to select a recommended technique. 

MULTICOUPLER REQUIREMENTS 

The most desired multicoupler characteristics are low insertion loss, 
minimal channel separation requirements, adequate isolation from channel to 
channel, freedom from generation of spurious signals, and minimal encum- 
brance of the operator in terms of additional or critical adjustments. For the 
LVTC7 vehicle, there are additional physical constraints of size and form 
factor which are set by the space available in and around the operator posi- 
tions. These constraints and operational requirements are to be investigated 
in the follow-on work in FY 74. For the purposes of this report, it is suffi- 
cient tc know approximate sizes and general limitations. Measurements indi- 
cate that space available at the operator positions, assuming no relocation of 
tin existing equipment, is restricted to 3 inches in height, 6 to 10 inches in 
depth, and 10 to 12 inches in width. 

There are additional requirements set by the receivers, as typified by 
the R-442/VRC coined in the ECAC reports.3-4 Additional data on the R/T 
units will be requested from ECAC for work during FY 74. Based on the 
preliminary data and results of tests at NELC, it appears that additional rf 
selectivity will be required in the receivers. 

Assuming no changes are made to the vhf communications equipment, 
a total of five transmitters and nine receivers will be required to operate from 
the proposed broadband transmit antenna and the present vhf receive antenna. 

REPRESENTATIVE MULTICOUPLER TECHNIQUES 
Four basic categories encompass most multicoupler techniques. These 

categories are antennas, amplifiers, tuned passive devices, and untuned passive 
devices. There are also combinations of these four. Table 1 indicates repre- 
sentative techniques from each group which come clos°st to meeting the 
LVTC7 requirements. 

Examination of this table indicates tact only techniques 4,9, and 10 
satisfy the requirements for the LVTC7. Technique 10 is clearly preferable, 
while 4 and 9 are about equal wnen all factors are considered. 

A low-loss transmitter combining with a tuned filter at the receiver 
input, technique 10, offers the possibility of adding only a single knob, the 
receiver filter, to the operator controls. This technique requires development 
of a wideband-transmitter combining scheme with losses less than 3 dB, which 
may not be possible. 
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TABLE 1. REPRESENTATIVE MULTICOUPLER TECHNIQUES. 

-'. 

Technique 
Operation 

Complexity 

Channel- 
to- 

Channel 
Isolation 

Insertion 
Gain 

Additional 
Prime 
Power 

Required 
Other Advantages/ 

Disadvantages 

I. Cross-polarized antennas None 20 dB Few dB None Only two channels, physical 
constraints 

2. Multiport antennas None 20 to 30 dB Few dB None Only three channels, may not 
be realizable at vhf 

3. Power amplifier, 
wideband 

. None Adequate Selected 9X Second harmonic problem for 
octave bandwidths. peak 
power limitations, intermodu- 
lation distortion 

4. Tuned filters Moderate 
to high 

Adequate -2 to-3 dB None Complex tune-up procedure. 
maintenance problems, icvr 
and xmtr use same antenna 

5. Isolators None 20 dB -1 to - 2 dB None Generation of spurious noise 
due to ferrites 

6. Hybrids None 20 to 30 dB -3.5 dB/ 
hybrid 

None Combining 6 channels results 
in i 0-dB lo?,s 

7. Traveling wave direc- 
tional couplers 

Low to 
moderate 

Adequate -1 !o-2dB None Diff cult to design for tuning 
to different channels by 
operator, physical constraints 
at vhf 

8. Hl-Q loop excites a 
broadband structure 

0 ? ? None •> 

9. Hyb id combining with 
narrowband amplification 
and tunable filters at 
rcvr input 

None Adequate None 7X Considerable heat must be 
dissipated due to combining 
technique, maintenance 
problems 

10. Low-loss transmitter 
combining with tuned 
filter at rcvr input 

Low Adequate -2 to-3 dB None Minimal operator complexity, 
orovides receiver filter suit- 
able for other VRC applica- 
tions, wideband-transmitter 
combining may not be 
realizable over full band 
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Hybrid combining with narrowband amplification and tunable filters 
at receiver input, technique 9, also offers the possibility of adding only a single 
knob to the operator controls; but, in this case, the usual 3.5-dB-per-hybrid 
loss requires about 2 kW of additional prime power to compensate for the loss 
in hybrids. An additional disadvantage of this technique is that it requires 
dissipation of an additional 6100 BTU due to heat losses. While the heat load 
could be dissipated externally, it would provide an additional IR source on 
the vehicle, and would have to be evaulated for intensity compared to other 
vehicle sources prior to implementation. 

The conventional tuned filter approach for multicoupling, technique 4, 
has the disadvantage of requiring a longer tunt-up procedure, involving several 
additional operator controls. While this method has been used or. shipboard, 
it appears desirable to avoid it, if possible, in the LVTC7 application. Losses 
associated with this conventional technique are in the 2- to 3-dB range, and 
are being used as a maximum loss criterion for the selected technique. 

RECOMMENDED MULTICOÜPLER TECHNIQUES 

Assuming that additional data to be received from ECAC da not alter 
the requirements imposed on the multicoupier, techniques 10,4, and 9. in 
that order, are the preferred implementations. 

TEST RESULTS, ANALYSES, AND CALCULATIONS 

In this section, the results of the tests described earlier are presented, 
and predicted range performance parameters are discussed. Sample calcula- 
tions for predicted range are presented as a method for system performance 
analyses and comparisons. 

ANTENNA RADIATION PATTERNS 

1/12-SCALE MODEL OF AS-1729 ANTENNA 

Figures A-l to A-6 and A-7 to A-12 in Appendix A show the radia- 
tion patterns for the full-scale and 1/12-scale-model AS-1729 dipole antennas, 
respectively. These patterns were taken in the vertical plane at selected fre- 
quencies. The model's patterns were measured at frequencies scaled up by a 
factor of 12 from the full-scale frequencies. As suggested earlier, excellent 
agreement exists between the two sets of patterns. This is evident in the lob- 
ing structure of the two antennas. The nulls between the lobes for a given 
frequency occur at the sam? elevation angle in both cases. A simple'inductive 
matching network consisting of a shunting wire to ground was used on the 
model to obtain the proper lobing structure above 60 MHz. Thus, the model 
antenna is truly representative of the AS-1729 dipole at 1/12 scale. 
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1/12-SCALE VHF ANTENNAS ON VE.IICLE 

Figures A13 to A36, A37 to A60, A6i to A84, A85 to A108, A109 
to A132, and A133 to A153 are the radiation patterns taken for the five 
AS-1729 antennas (1, 2, 3, 4, and 8) and the 10-foot vhf whip (antenna 5), 
respectively. These patterns were t?ken using the present antenna arrange- 
ment wrii.e simulating both the land and sea states. All antenna numbers are 
specified according to figure 1. 

The azimuthal plane patterns of the model antenna are a close repro- 
duction of the full-scale patterns at each frequency. The mode! patterns 
closely match the many nulls in the full-scale patterns, with a maximum dif- 
ference of 3 dB between them over 90% of the pattern. This verifies that the 
model antenna system closely approximates the full-scale system. Thus, pat- 
terns obtained f im future system redesigns will be closely repicsentative of 
what would be obtained at full scale. The vertical plane patterns presented 
are therefore considered equally representative of the full-scale vertical radia- 
tion structure. 

Il:i 
1/24-SCALE HF ANTENNA 

Figures A154 to A159 are the radiation patterns taken for the 15-foot 
hf whip antenna. These patterns were taken using the 1/24-scale model. The 
present arrangement was also used while simulating both land- and sea- 
deployment conditions. 

Agreement between the model and full-scale patterns in the azimuthal 
plane were also verified to be within 3 dB for more than 90% of the pattern. 
The vertical plane patterns are again considered equally representative. All 
patterns were taken at 237.04 MHz, the 1/24-scale equivalent of 9.960 MHz. 

1/12-SCALE BROADBAND ANTENNA 

The proposed vhf broadband trimonopole antenna was tested for two 
different locations on the LVTC7 vehicle. The location of the stern and mid- 
vehicle positions is shown in figure 12. The stern position requires that the 
uhf antenna (AS-1404/PRC) be relocated. It can be moved to a position for- 
ward of Ihe double hatch doors, about 2 feet to starboard of centerline. The 
midvehicle position does not require any antenna relocation. The trimono- 
pole, of course, replaces the five AS-1729 dipoles. Use of the broadband tri- 
monopole reduces the total antenna complement to four: one hf, one vhf, 
one uhf, and one broadoand vhf antenna. 

Figure? A160 to A183 and A184 to A207 are the radiation patterns 
for the stern and midvehicle locations, respectively. Both land- and sea- 
deployment conditions were simulated. Patterns were taken at the same 
four frequencies utilized for the AS-1729 dipoles. Antennas 5, 6, and 7 (see 
figure 1) were all grounded for these measurements. 

The patterns indicate that a high degree of omnidirectionaiity is pos- 
sible with this antenna in either location. The stern position provides the 
greatest omnidirectionaiity for both land and sea deployment. The most 
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obvious example of this can be seen in figures A178 and A202, which are for 
the same conditions except for different mounting locations. Figure v202 
has a deep null at 300°, whereas figure A178 is fairly omnidirectional. 

Figure 13 shows the impedance of the vhf trimonopole (the dimen- 
sions of which appear in figure 11) when measured over an extended ground- 
plane. The impedance is within a 3:1 VSWR circle for the 30-to-76-MHz band. 

The photographs in figure 14 display the impedance variations for the 
trimonopole antenna in two different mounting locations. These impedances 
were measured using the setup of figure 7. Figures 14A, B, C, and D and fig- 
ures 14E, F, G, and H are for the stern and midvehicle locations, respectively. 
The trace in each photo represents 30 to 75 MHz 

The photographs clearly demonstrate that the least impedance varia- 
tion occurs for the stern location for both land and sea conditions. The 
impedance changes very little in the stern when the other antennas are open 
circuited or grounded. Furthermore, the impedance is always within a VSWR 
of 3:1 for the stern location, but extends beyond this circle when mounted 
amidships. 

The AS-1729 dipole has an approximately +3-dB gain across the 30- 
to-76-MHz frequency band relative to a 1/4-wavelength monopole. Its base 
tuning mechanism, however, has a nearly 50% efficiency. Thus, this dipole 
has nearly the same gain as a 1/4-wavelength monopole. 

The gain of the broadband trimonopole is also approximately that of 
a 1/4-wavelength monopole. Therefore, this antenna has nearly the same gain 
as the AS-1729 dipole. 

f:ip".:c 13. impedanc. of broadband trimonopole antenna. 
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* A. LAND STATE, STERN LOCATION, OTHER ANTENNAS 
GROUNDED. 
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B. LAND STATE, STERN LOCATION, OTHER ANTENNAS 
OPEN. 

C. SEA STATE, STERN LOCATION, OTHER ANTENNAS 
GROUNDED. 

D. SEA STATE, STERN LOCATION, OTHER ANTENNAS 
OPEN. 

Figure 14. Impedance variations for broadband trimonopole antenna. 
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E. LAND STATE, MIDVEHICLE LOCATION. OTHER 
ANTENNAS GROUNDED. 

F. LAND STATE, MIDVEHICLE LOCATION, OTHER 
ANTENNAS OPEN. 

W K'^"' 

G. SEA STATE, MIDVEHICLE LOCATION, OTHER 
ANTENNAS GROUNDFD. 

H. SEA STATE, MIDVEHICLE LOCATION, OTHER 
ANTENNAS OPEN. 

Figure 14. (Continued). 
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SYSTEM COMPARISONS 

The present AS-1729 vhf antennas and the proposed trimonopole can 
be compared by looking at their azimuthal patterns. Both types of antennas 
have inherently omnidirectional radiation patterns when mounted on extended 
groundplanes. Radiation pattern distortion can be caused by reradiation 
from closely coupled antennas or hull currents. Examination of these pat- 
terns reveals a greater degree of distortion for the dipoles. The deviation from 
circularity occurs moie frequently and 10 a greater extent than for the trimon- 
opole. This is valid for both land and sea states. The trimonopole was at least 
equal to, but no worse than, the dipoles. Although both antenna system 
arrangements are closely coupled, the adverse effect on the trimonopole sys- 
tem is less. 

A comparison of the stern and midvehicle locations for the trimono- 
pole reveals a higher degree of omnidirectionality at all frequencies for the 
stern position. This is true for both land- and sea-state conditions. Figures 
A166 and A190 illustrate this for the stern and midvehicle locations for the 
LVTC7 on land. Figures A178 and A202 illustrate this for the sea state. 

A change in the patterns occurs when going from land to seawater. 
This is caused by the change in groundplane level and conductivity, thereby 
changing the effect of the hull currents. 

MISMATCH LOSSES AT 1/12 SCALE 

The VSWRs of the AS-1729 dipoles and the trimonopole were meas- 
ured using the test setup of figure 7; the mismatch losses for these antennas 
were calculated from the measured VSWR values. These impedance losses in 
dB were added to the 1 /4-wavelength-monopole reference value of the corre- 
sponding radiation pattern. This was done to make the pattern gain for the 
antenna on the model independent of the mismatch loss, as discussed earlier. 
The full-scale AS-1729 antenna is pretuned; therefore, its mismatch loss is 
always assumed to be less than 1. 

One possible consequence of using the trimonopole design is that one 
of its elements could be either broken or shot off. Table 2 shows the mis- 
match losses for the trimonopole with and without an element missing. 
(Refer to figures 6 and 12 for the element numbers.) The table shows that 
although this loss does increase in most cases when an element is missing, it 
does not increase enough (3-dB maximum increase) to adversely affect com- 
n 'inications efficiency. Because of the symmetry involved, little distortion 
would be anticipated in the antenna patterns with an element missing. Thus, 
the trimonopole could perform efficiently using only two elements, if 
necessary. 
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m TABLE 2. IMPEDANCE MISMATCH LOSSES (dB) FOR 
BROADBAND TRiMONOPOLE ANTENNA. 

(All other antennas are grounded: element 
numbers refer to figures 6 and 12.) 

SEA STATE 

Condition 

Frequency 

Location 392.4 MHz 542.4 MHz 685.2 MHz 876 MHz 

Stern No elements missing 0.2 0.6 0.7 0.5 

No. 2 element missing 0 0 0 0 

No. 3 element missing 0 0 0 0 

Midvehicle No elements missing 0.1 1.4 1.6 0.8 

No. 1 elements missin« 0.02 1.9 2.4 0.9 

No. 2 elements missing 0.13 2.1 2.4 1.1 

No. 3 elements missing 0.02 1.9 3.1 1.2 

LAND STATE 

Condition 

Frequency 

Location 392.4 MHz 542.4 MHz 685.2 MHz 876 MHz 

Stern No elements missing 0.1 0.7 0.8 0.8 

No. 1 element missing 0.2 1.6 1.9 1.6 

No. 2 element missing 0.4 1.5 1.9 1.1 

No. 3 element missing 0.12 1.6 1.9 1.6 

Midvehicle No elements missing 0.1 1.2 1.4 0.7 

No. 1 element missing 0.4 1.9 2.2 0.7 

No. 2 element missing 0.4 2.1 2.2 0.8 

No. 3 element missing 0.1 2.2 2.7 1.1 

PREDICTED RANGE PERFORMANCE 

Both the present vhf antenna system and the proposed system using 
the broadband trimonopole are evaluated to predict the maximum range tint 
can be expected from each system. This range prediction is based on two-way 
communication under worst-case conditions. 

The curve in Figure Bl (in Appendix B) displays field strength in dB/ 
/iV/m (ground wave) as a function of distance in statute iailes over seawater 
for several frequencies, assuming 1-kW radiated power from a lossless short 
monopole on the earth's surface. This curve can be used to determine the 
maximum range for a communications link. To use the curve, some assump- 
tions are needed. 
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The assumptions made for both systems are: 

1. The received FM signal for a maximum range is -91.5 dBm (20 dB 
quieting) for single-channel voice in a 50-ohm system (ref 3, p. 11-18). 

2. The available power output of the RT-524 transceiver is 40 watts 
(+46 dBm). 

3. No external noise (i.e., receiver noise) limits sensitivity. 

4. The land/water interface effect on field strength is negligible, since 
the link is with beach units at the edge of the seawater. 

5. The receive antenna is omnidirectional with 0-dB gain. 

The range analysis equation used for converting the given information 
to that necessary for using the range prediction curve is: 

E (dB/MV/m) = Vrec (dB/yV) + 18.8 - 20 log (A/2*) 

+ RGrec + ar + 0r + RGxnit + ftt + 0t 

where 

m 

E ■ electric field strength in dB//iV/m 

Vrec = receiver sensitivity in dB//iV 

X = wavelength in meters 

RGrec = receive antenna's relative gain in dB/1 /4X monopole 

RGxmt ~ transmit antenna's relative gain in dB/ 1/4X monopole 

ar = cable attenuation of receive system in dB 

Of = cable attenuation of transmit system in dB 

ßT = multicoupler insertion loss of receive system in dB 

ß» ■ multicoupler insertion loss of transmit system in dB 

Equation (1) above is derived in Appenoix B. With the assumptions 
above and equation (1), the curve of figure Bl can be used to determine the 
predicted maximum range for each system. Sample calculations are included 
in Appendix B. 

Figures 15 and 16 are plots of predicted range over seawater as a 
function of frequency using radiation pattern null depth in dB as a parameter 
for the present and piopossd vhf antenna systems, respectively. Thus, the 
predicted range performance at a particular bearing, using an azimuthal pat- 
tern can be determined. For example, from the azimuthal pattern in figure 
A37 for an AS-1729, antenna 2, land state, at 32.7 MHz, the antenna gain at 
90° is 3.5 dB below a 1/4-wavelength monopole. From figure 15, this corre- 
sponds to an expected groundwave range of 63 miles. However, at 295°, a 

(1) 
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CONDITIONS FOR A 0-d8 SYSTEM 
1. Groundwave over seawaler. 
2. AS-1729/VRC antenna 
3. 46-dBm radiated power 

4. --91.5-dBm (20 dB quieting) receive sensitivity 
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Figure 15. Predicted range performance as a function of frequency 
when using present antenna system for vhf. 
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1. Groundwave over seawater 

2. Trimonopole antenna 
3. 46-dBm radiated power 
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Figure 16. Predicted range performance as s function of frequency 
when using broadband trimonopole antenna for vhf. 
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deep pattern null occurs. The gain at 295° is 29 dB below a 1 /4-w?velength 
monopole, which co responds to a range of 23 miles. Thus, a range decrease 
of more than 40 miles could occur when the vehicle makes a nearly 180° turn. 
The trimonopole antenna radiation patterns can similarly be interpreted by 
use of figure 16. 

Comparison of figures 15 and 16 reveals that the range expectancy is 
from 1 to 4 miles less when using the trimonopole antenna system for a given 
frequency. This is because the broadband trimonopole requires a multicou- 
pler that was assumed to have 2-dB insertion loss. This loss is responsible for 
the slight range decrease. However, as discussed above, the trimonopole anten- 
na distributes its radiated energy in a more nearly omnidirectional pattern in 
most cases than do any of the vhf antenna La the present arrangement. Thus, 
the range performance can be expectej to be more uniform over all directions, 
resulting in more reliable communications. 

Under field conditions, the actual range performance can be expected 
to deviate from that predicted in figures 15 and 16. This occurs as operating 
conditions differ from the conditions assumed in the calculations. However, 
these curves provide a good basis of analysis of the two systems and a rule-of- 
thumb prediction for actual range expectancies. 

There does not appear to be any way of changing the present antenna 
system arrangement which could result in an improved pattern performance. 
The limited space available precludes making any significant arrangement 
changes. Therefore, development of a full-scale broadband vhf antenna, 
vhether a trimonopole or other design, is the best practical solution. Devel- 
opment of the new antenna's multicoupler should also proceed concurrently. 
It would significantly improve the pattern performances in both the azimuthal 
and vertical planes, while reducing the adverse effects associated with a closely 
coupled system. It would also improve isolation between hf transmitters and 
vhf receivers and between vhf transmitters and hf receivers; the multicoupler's 
filtering techniques significantly increase the isolation, thereby improving the 
electromagnetic compatibility of the LVTC7 antenna system. The net result 
would be a simpler, more efficient system foi the LVTC7 vehicle at vhf. 

SUMMARY AND CONCLUSIONS 
The LVTC7 Marine Corps landing vehicle has a large communications 

responsibility. The present antenna system consists of eight antennas mounted 
on a small, unique platform, which has resulted in a closely coupled system. 
This close coupling has limited the overall communications effectiveness. 

This report has presented measurements obtained from the existing 
antenna system by using 1/12- and I/24-scale brass models. A new antenna 
system design, consisting of a vhf broadband antenna and multicoupler com- 
bination to replace five vhf anten.ias, has been proposed. This approach was 
also studied using the 1/12-scale brass model. Calculations were included for 
the predicted range performance for each system. 

The following conclusions are based on the results of these brass-stale- 
model tests. 
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PRESENT ANTENNA SYSTEM 

1. The radiation patterns are not omnidirectional (within 6 dB) in all 
cases. This is because the present antenna configuration has resulted in a 
closely coupled system. 

2. Null depths as deep as 20 dB relative to the maximum of the pat- 
tern are common. In some cases, the azimuthal patterns have more than one 
large null. 

3. Both azimuthal and vertical patterns change in going from land to 
seawater. This is caused by the change in groundplane level and conductivity, 
which changes the effect of the hull currents. 

4. The 1/12-and 1/24-scale orass models were successfully verified 
as being representative of the full-sci    vehicle. 

5. Two deep nulls are common in the vertical plane at 73 MHz whiie 
the vehicle is on land. The number and depth of the nulls is not as common 
at this frequency while the vehicle is in seawater. 

6. The LVTC7 communications vehicle will have difficulty in provid- 
ing optimum communications performance, particularly at vhf. 

PROPOSED ANTENNA SYSTEM 

1. The vhf broadband trimonopole appears to offer a high potential 
as a replacement for the five AS-1729/VUC dipoles. 

2. The trimonopole, when mounted in the stern position, has an 
impedance across the 30-to-76-MHz band of 3:1 or less under both Ian«.'- and 
sea-deployment conditions. 

3. The stern position is preferred over the midvehicle position for 
the trimonopole, particularly while in seawater. The impedance variation is 
less, and the patterns have fewer nulls. 

4. The trimonopole antenna can perform well even when an element 
is missing. 

5. The possibility of using low-loss transmitter combiners with tuned 
filters at the receiver inputs appears to be the most feasible multicoupler 
approach at this time. 

6. Range performance when using the trimonopole at vhf should be 
more reliable. 

7. A greater degree of omnidirectionality is achievable with the stem- 
mounted trimonopole than with the present antenna arrai.; ment at vhf. 

RECOMMENDATIONS 

The following recommendations are a result of the model studies per- 
formed on the present and the proposed antenna systems. 

1. Replace the five AS-1729/VRC dipole antennas with a single 
broadband antenna and develop a multicoupler. 

34 



2. Mount a vhf broadband antenna on the vehicle's centerline just aft 
of the double hatch doors. Relocate the uhf antenna forward of the hatch 
doors, approximately 2 feet to the starboard of the centerline. 

3. Build a full-scale vhf broadband trimonopole antenna to test as a 
feasible replacement for the five vhf dipoles. 

4. Relocate antenna 4 to avoid the deterioration caused by the engine's 
exhaust gases, or reroute these gases to avoid this for any other antenna. 
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NELC PHOTOGRAPHS 

Illustrations in this document :    lüde the following NELC photographs. 

Illustration No. MELC Photograph No. 

2 LSF 978-5-73 
4 LSF 841-4-73 
5 LSF 8404-73 
6 LSF 1476-7-73 
8 LSF 726-4-73 
9 LSF 725-4-73 

10 LSF 572-3-73 
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APPENDIX A:   ANTENNA RADIATION PATTERNS 
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:\, X' \ <! '' ' _• 

\  \ ,i 

'7/   7v,/. /  / 
-V   / 

.MTC_s_____        fuvmr A-* 

MOSEL «Mt ORICNTATION. 

»ZIMUTM MTTCRN «T D»C «LB* 

CUV«.'«« «-TT*RI|___ T6 ___ "«• 

«_/_«•«" ML«rm TO IMP MC*«M*      «i«t«««ftg^r   mamu urn 
CM» ______ »«T« tm/tn     &**** J- ?». 

; I 'i'(-';.'i ..\ .v ■■;   >. -^ 
v^j<J».  »nipr*e»____Ni 

^"iro*        POL. «W0*E«T M«MM 0__;  

0<* 0« CHARTi __k,<I ML. 

TO  ».'«   MONOPOLE 

| 

ÜH_ 



K.    SHIP WQ2.4J.HHt 

1M.       »        «K. COMPONENT MEMUftEO  

TO  A/«  MONOPOLE 

MOOtL MIT ONICNMTION ,    ü 

«JIMUTH «TTENN «T JC_ BCt. ELEV. 

EIEHTON «TTENN        TO ot» 

»T KOIKES  «L«TM TO »Ml» HE »OK« HimiWl  jj-j»M«  

If 

*"T AS-/7M 
MOOEl MT 0«£*T*TiON 

/   ■■    / 

.»» 

-    1 

/ 

— »••■'■ ■•..■/■■' /■■■/:; I 
-i Mo«  —'■''t.:.:.<^:_-'-| 

«IMUTH WTTERN *T DC«. EIEV. 

EUEV4TK» P»TT«»,JC_ TO te      BEC 

ATfli^cVLOEWEEi  «EL»TIVE TO INI» HE IDA 0 ofMsul 

ENM DAfEj 

FIUIW. 
«HIT Jl^Tlt 

MOttl MTt OMCNTtTtO» 

MOMi. tmaa£i.m» 
■«• ~ W   ■»*     wt COMMWMT mumm» y 

AIMUTH WTTIMI «T _£ Of # t«V. 0 It ON CMMT • JtlL.» *t> . 

utmmmtnm^^n^. on. ro »/« «wowi.1 
»T       awm «L«r<vt to um KMM      »BMIII JM* flJMBt 

IM» 

*     '"II. ! .;.*:: liV'l 

nu Na    IJS. 

MOMI *»t «MMMTIBN w     no« 
MIMilTH MTTEW «T     ,       Ott. ElEV 

JUWTION MTTCNN _£_ TO   (fa   OM 

lT£||A.KMIIi .«l*TIVt re *M# HtMmo »« 

IM*. Mnmtau  „,„£ 4.79 t«HM_ o*ri 
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K\ 

...' „,.   IMP r»£o A7_ »Hi 

, MOOIL rt.9MJL.nnt 

Itf POL, COMPONENT ME4SUK.'   V_ 

o<» o» CM»*T» ^/8,'ir »EL 

TO  X/4   MONOPOLE 

>»• 
UM 
"«Al. 
MOOEL Mt OKtCNMTION 

»IIMUTM «TTtUN »T Di«. ILCV 

ELEVMION P«TTIIWI|_£_ TO  ^)     0E0 

I JO" 

p«0' 

SHIP FMOjB,.Z_MHi 

MOOEL F«£ 0 JQKJL MMi 

** 110» """ POL  COMPONENT MEMUSEO_£_ 

0 <S ON CMHP.T • J/0 . .12 PEL 

TO   X/4   MONOPOLE 

*T»/iÄ Of«»«»  «LMIVl TO »NIP HE4BN0 PCMHK5 JO OUUX.  

Ml 0* M« 

■\T"iT/  ■ T 

rtTi r / /" / . 

■'■Ai/Z/O. 
I' \ I / 

..-■ Al»,-. 

/ tW 

^       IW»        POL. CflMWmtNT Mt»»UlfO_j£_ 

0 4» ON CMWT-V/M    B ML. 

TO   »/*.   MONOPOLE 

IMOM       «IIW»KS s&ur*Vf- 

.mtMuutZ*.    *-/£*** 4-fr 

•*»•_. .y...,_ I»« 

V...'..+-!•■ V 

XKS 
•:\\\'-hi 

»?•' ! I 

«to* 

nuna  
MIM&atxll 
MttSL MT OWfNMTrON. 

,H.    SWIPFNEO SXl.f>i, 

won. MtoöKut»n 
!«• "~^T~" l«r>        «X.. COMPONENT ME«SU«t3_V;  

nmrm mnm nr,— DM.ILCV. orto» CK*»T ■«)*_«• NIL. 
ELTV»TIC»I P*fTH»)_XL TO_jfij_Mfc TO   X«   MONOPOLE 

«•CfiUrSHMU *l«TIVI TO •» «MM* Mm,,, ftgj CTBiat  

1 -a" 
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i •^'■'■'•'^■^üliJiliiEliiV- ••'""^. «">"■ F«0£E£MM, 
»•        IH<       "0*        FOl. fiOMFONENT ME*SimEO_£__ 

Ott Oft CN*«T. J4».IO FEL 

TO _6U TO  k/4   MONOPOLE 

«l»l/.*i«»_ 

FILE NO. 

*"T JUMU. 
MOOEL «IT 0*lfNT»TION  

»ZftWTN P»TTE*tl a J"   Mt tUV 

ELECTION P4TTMN 

*T .0C9PEES  RELATIVE TO »Hl» HE»OMS 

MOV 

/VF* 

FILE NO.. HO» 

V..U 

••/ 
»0* m 

itr. . o/ Ttjwum    s/t*** 4.» 

»■«' dt-ZTlfJ 
MOOEL »NT OKlENT«TION     i 

»ZIMUTN P»TTEPN «T DEO ELEV 

ELEV1TI0N MTTENN     f    TO    &     OEO 

»T#j£atO£OP.EES  »ELATIVE TO SHIP MElOmi 

ENM 

rev: 

FILE Nft . 

«NT SLsQttSt 
MODEL »NT 0»E*T»TION_ 

«ZIMUVN WTTINN »T   J    OE«. ELEV 

ELlVWSO« MrrUHl «I an 

*r WORT.» REHTIV2 TO *M# H(«OWI 

.,«,. »»» mo.ZL.mii 
„^ MOOEL FW/Ä..MH, 
Mt, COMPONENT ufnimteji  

Ott ON CHA»Ti4fe_,» H(|,. 

TO  X/4  MONOPOLE 
J*-«        #l*ttr/K* *Wl*« 

TT*T1,JBBt .ytf ■"' fltti '.... 

/ 

MO' 

/ 

/v 

'S» 

"«Kill 

IN«». .**HMJUSV jir^pj ,y-i» 

FiLtma    ,,„. 

«NT. MitOitJH M 

MOOll »NT ORIENTATION  

»IIHUTM P»TTIRN «T OE». «LEV 

ELEV*TION MTTENN    J»    TO  in      DEO 

»T«V^kOtM((9  «ELATIVE  TO '•.mf HE»OW»| 

UM». 

I 



..■.'IT ^fTO^7 !:;:; 
«0« 

/ ■ 7NA 

' 

\      \ 

1     i     ,i«r 
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ffiäiiliilliiiliibl vJ'',J»»>           Mooei. FMoaBü.M.1, 
_____   no«      IM>     no'      POL. COMPONENT MEHSUNEDJ*  

10. ELEV. 0«8 ON CK*»T. _£-«• ML. 
tO___BtO TO  »/«  MONOPOLE 

i TO SHIP Mt»o»ia       »ai»«i ___ ___g  

Fite na. IK« 

MOOk. ANl eMtNTtTMM  

MWUTH PATTEPN »I 0£«. tlfV. 

ELEVATION PATTERN _£_ T0___tC6 

'-./■'■    I 1 ■ \ '       '• 
..'    ;.. /';/;::.;,    •. .'V    ,   \     .,-■,*,•   ,M" f«0*«. mn 

      .»* IM* ' PJ* POL. COMPONENT ME4SUPE0    f 

0<S ON CHMT ■ f/e_ t» PCL 

TO   »/«   MONOPOLE 

*T»Ä_rf*»*"j NELATIVE TO SMir HEADING        PSMAPIH   ___ cata:  

IM» DATE_(_U_!Z' ^^^   ^.7/ 

^ 

i    i    i / 

Vr!> / 
\: I ! / , 

'-•/;/. 

\ 

/ IM» 

'    I«* 

,H.    SHIP »MoilL.»'i 

NCOSL PMO.yX..H>ll 
•e*      ,M«     in«      I*L.eOMPOMtifr MASU«CD___ 

tM. ILEV 0<l 0» CHMT .  Ml__»» PCL. 

/;.'■■/■*.•■!!; 

«iiliiiiiK^^ 

if 

M  SHIP MC40BI» MMAPK1JM«      ,»,<>.__.,-   USA* 

• o.ri___/BE.      mat*/.f* 

i    iiiMfainjiii im 

•U na. 

i i'; ;.'■   »■■ 

.,•  HO» 

,'_,.   INWfM»2L.MHl 

m *naau       ^''''^/^MiliilikiE'.-^' '•«.      »KL MW.,«. «Hi 
MP0E.L «MT 0WMMTWS1 HP»        ,„.       ira«        POL COMPONENT MEASIMEDJj  

AJWUTHKITTMNAT. DI« «Ll* ö «f OP« CNA*T i j_£ if «EL. 

ELEVATION PWtt««. ___ TOJS K3 TO  k/A  MONOPOLE 
,                                                                                              Aft*          /*ß*mr/*r *Mrc»/*i 

ATfc__*«*»«S «ELATIV« « »KW XZi'Jlit KJtUM___M     ^AWAn-y _g__  

45 



MODEL »HI ORIENTATION  

AZIMUTH PATTERN AT   J~   Ott. CLtV 

ELEVATION »ATTERN  TO DCS 

AT OCWEES RELATIVE to SHIP H««own 

"f      ret. COMPONENT «fttvute y 

0«> O» CHART» I>J:/II «EL. 

TO   Ik/4   MONOPOLS 

*t****txuzt tztac.  
_ PATE Mjy/*7r        S-/£#r*/f-tr 

FILE Na 

*NT AA-S7M f .m. 
MOKL ANT. ORIENTATION  

AZ'MuT» RATTERN AT  J-   DES ELEv. 

ELEVATION ►*TTERN  TO Mt 

.    I»» iao<        ira» 

„0.     SHI» f»E5 £2/"(Mi 

MOOEL F«0iC£UE.MHl 

»OL. COMPONENT MEASURED j/  

0 41 ON CHART• t&2,f Kit.. 

TO  A/«   MONOPOLE 

»T DC1REI1 RELATIVE TO «HI» HEACMt REMAUM tt&m sr*r*  

i N« BiUjetWJLZL      /*/ 'ff, 4.» 

AZIMUTH MT TCRN «T  DEO  ELEV 

ELEVATION PATTERN _X_ TO    (e      PEG 

Utl/tC OEOREES   RELATIVE TO  SHIP HEADING REMARKS  /^4*/> J 

ENOR Q^ljUlLIUtZi 

FILEHO.    t>^';/ ':■/: lli'^'T^'• T"."'.   V ■> 
ANT Ai-intf m-^-lil:;i;JM^^-^ 
MODEL ANT ORIENTATION     '»• »•       "•*        »OL. 

AZIMUTH PATTER!» AT DEO ILEV. 0 

ELEVATION PATTERN .J^ TO_Ate_OE« 

ATC£^DEOREES   RELATIVE TB  INI» HEAD«« REWARK3_((ijJ 

ENS« WlJitfxJZZi 



W» POL  COMPONENT ME4SU»E"_ 

0 a» ON CMMT ■ tXÜL"   »EL. 

TO   »/4   MONOPOLE 

; JKA y/tvj rt/tv/Ff A% 

to' 
W 

/A\\ ///A-   <T>-     'TV > 

*»  V r.V  1   i 
' ■V'Jä/,;.-/   / .:) 

7j\\Y' ■'    /:■■:/ / 

,"?. 

FILE NO. M.     SHIP f»£9 J3J2MM, 

MOOEL ANT 0NIENT4TI0N      '»• „c.        iro» POL. COMPONENT MEASURED 

AZIMUTH PATTtPM AT DEO. CLCV. 

ELEVATION PATTIPN   £.    TO f.e     OH 

»TauSül|DE»«EES   MLAVlVE TO  S.1IP HEAtKNO HCMMM   jtSaJLJSUX. 

"<• ON CH«T. i£L«« »EL. 

TO   Ik/4   MONOPOLE 

«»•" -wituivr/r?j       /*/<*** 417 

rr.... «o" 

0« ON CHANT • /5fci«e NIL. 

TCi  X/4   MONOPOLE 

MM«»    /JMJMW 

\njtuLiUZ2L       ft«** Jfx 

•">^T¥ ■\-"\v"-r;7 ; 7" ■ "" 

y-: 

f/(fs->mn . \>\ o \ /' 

r°* 
/ / V« 

i VI vv;w:;y / 
V    V    '/./' 

"r- 
' / 

V   / /...,i..v-\"' •/   '■ i  ! r 
I: \ \ . /  ■ /      /     / 

/IK« 

.V;:,\..."; , JO- 

FILE «a ■ 

»NT   >f-,/7J»4» 

MOOIL *■■«:' 0MltNT»TI0N 

*^vf:M>'M 'jifek^ \ V"1"•* •"* "'e0j£a' 
Äi'iilii« MODEL -NEOlJiGiMM, 

«•"""^i""   !«• POL. COMPONENT ie*$U«0_il_ 

AIWUTH «TWIN AT MS- «1-IV 04« ON CMA*f JJ&3.»* ML. 

BL«*»TK*IWTimJic_ ">.**_(>«•                                               T0   X"   »»NOPOLC 

*TÄ^B»0M(«eH  NtLATIVf TO MP HI »OW. MMANICI f* f r^rg  

«w t>mju£tj£Z/     /•?**** 4-f3 

L». 
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FILE «a 

MOflEl MX OH.ENT«TIO«  

IIIMUT» »TTFW! JT_jC_OEG  ElEV. 

CLEViTIO« P»TTt»\_  TO 01 

»T .otomia MUHVI TO »wir wttomo 

'„o."""ire-      FOL. eoMfSM-xr «WED g; 
0*8 ON CH*«T"f^i- «i ML, 

TO   k/4   MONOJuLE 

7 7/7 /,vv\:7/y,vY. \\" 

\ 
1    i        '    B   V:\#-7;   /   / 

\ 
:;■.•  \ v 

/7tT\r\ / «s« 7:|i!7) 

"**7; ?-::'/'^p%7.'ffiif 1I-.. ^v \>ir'\ V''"0' 
*««*—.— wK7'klffmv|i;'.i,,"••• A 7>'»* »«»'«M.ZE.IW. 

*«L «HI MlMT*flON_  „_.'«•        ^       ,"*        *W. CiXTOKSWT *U»t*«0„X_ 

üWITH »TTW» »T _JI on. a» r <* e» en«tt ■ .üft_«o «*., 
CL2V4TWI W>TTI(W___ TO___KM TO  W«   MONOrflU " 

'■'■ OMMM IWL.VIVI TO w» HCUWI       umm  -fragr,  <m£igMJ&4J*~. 

"rr-r.-.T'-i 

•.-"•     \.... -v •• 
»0'. ..\ I 

>.oy 

1,..« 

OLEfsa. 

MOOEL «NT 0.»'E Jifc?:0*_ 

«C¥UVN r.TTEIN .('.' 0E0. iCEV 

ELEMTK)* MTTEH»! _.C_ TO  to     015 

«Tfii^OEOREES   W1»VIV£T0  SHIP ME*0«J «EMtllKS   /<.-»Tr;i , 

110» 0*Tt .«?>■,»>•? 

"•'V /.■■■■■<■.,, IJ:U;\   ..;■•. \ -\ä 

SMtL *W Smf'-'TinO»    no*       «•      "0"       *0Lr" 

it«Ut» O.TTEHN »T___ N <. ILfV. 

ILlVOnO* «r rfMl _J-_. TO. i£_ 0E0 *• 

*Te£uLi«Mcn MLWit « IM» ME» wo       wno*',^**" 

EH». .»Ti<säfc£^ßsr4 

1 
■Sol'.. 

  



I 
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Part- 

V »0« 

0>t 0» CH«T. £££_«§ »o. 
TO   »/4   «0<»0«>L£ 

—B jL^mr^nr 

wtj%ajL&a    *,M„ 4-rt 

»XT   jH-/7J.t *f 

•OOtl. »«IT 0«*«/T«TI0«l 

>,»•     SKI» f«0iail»C«i 

■JJ. WML f«a£gi£ *»» 
 '•*• „j.«        "°*         «X. eOM»0*f*T »c*SU«tD_ 

«WITH MTrPMJT  DID CLfV 0„ 0Ä CH-1T , /j^,»  Ba 

iLCvOTio»! WTUMI   f   ro^£_tt* TO i/4 »O«JO»OI.E 

«Tft&aCCMC»   «L«rive  TO  »MI» ME40*51 rowill   J.AA//1 UMXd.  

mi» «tea i»_nMr 

||i^-3>i„ MM. rnol^Lm, 
l&     *•     "•*      "*- «■»•"»*■» •••*■» Ji_ 

o<*o« wan <^j «« «a. 
TO   X/t   DOHtiKH 

W*—~ WJUUJ&U ,*■/**■* 4- tr 

\   ■'"':■   /   '.''/■•'•./'■!• I  i   I'-   \ 

flUHA. J*! \ 
■40» 

SKI» fM.0 SOL-HHt 

MOML MT «W«T«riOH     '•»*        «r       "•*        ■«■■ C0l»»0M*T MM0 _£_ 

U*JUTH MTTOM «T M» «LEV 0 «• 01» CHWT < f/J ._«•  KtL 
TO >/4 Hsworatc 

(llm ,#»*»-*»* ***"»"• MMNH *<im«»_^. ro_»l«_eco 

IM«. .Mt*'*Y/f»       r-/*****K 

. ■     . 



■~9 

flLt HO. . 

MT d/-/jZlfZ. 

wxxi MT omcur/irio« 

«•UTM ■»TTI» « _£ 

CL«V«riO* MTItlW»  

iW 

M« ciev 

ro Ott 

tttmtti «CL»Tivi TO si»*«»»« 

IM*  

40- 

— woci. 'main/.*»! 
POL cot»»o>it>iT rum» y 

OHM CMMT«ay m tm. 
TO  k/<   »0«0»0l.f 

MB***  JfAJTAr*  

_ t>ni./Gd*/f7*     *Vfl>*<t 4-ff 

/*• 

•ILE NO. . tv 

J00"        -../. »*T Al /7Xt.ft 
HOOtl «XT 0»«*T«TI0t>_      '« 

*I«IUTM »T TEM « Ott  til Y 

£L(V»TlO«I »«mm  £*   T6 .ft»    on 

XleZ/iL KME'.I   »CL4TIVt  TO  SHIP M£.CH1S 

l«0»  

fl£MA4* 

_ D.TEyj 

IWMCL MT OtWMTIOI» «• 

»ZWUTM MrfMi« jT w* '<-e» 

cuvanoa *»«»»___ » «*• 
*j _mmut m.mn t» »H» HI »on» 

CM*  

„g,   ttiirrMLDjaU-mu 

woci nwAumii 
WL co*nMim M«sums . >■ 

0<t t« CMMT.^Jjf.» »0. 

TO  ».'«   «OHOIKJLf 

FILE NO.. IK)' 

SMMJI 4-/»i 

MOOZl MT MMMHTIOM  

«WUTH MTTEM IT_ 044  U.C* 

tllVWIO» WTTt .»_X_ T)_Ä_ •*• 

"£^a)|CV«MU «L«rr,i TO tMtTMtOM 

t»0«  

«CM« 

MTC, 

«ram nfc. 



■J5L  * r.. ~ 

•«■H^* 
2c 

/ 

«' 

1W 

,M.    SMffltfeUtZlltii 

,4e» WML '«KfcK t. »II 
gjjj> '    "0* OOL  CO»»»0»l£«T «*t*SU»£0_K_ 

0 «• 0» CMMT > »3/   <t  Kb. 
TO   It/4   «0*0?OLE 

»t»MH ^f-**» jr*r*        

.OtltjfaOV&J.       sr/t,,, j.tf 

wrt AI-/7H.3L ^ ;■'. 
«K3«L «IT omtnTtr-o»             .to* 

«WUTXrWrTMWJT M«  UtV 

u.tY*t>0H rniiim_£_ *O_JA_OI8 

«»/iaoeiwtf5 «i»rivt TO Om» H(*OW« 

1*8»  

ire« 

,„.   s«i» »»to HL2*"! 
,f0. «OOCL rmoMi£i"t 

POi. OOHrOHtKl HI»Su#C0_>/_ 

o t$ o* c**ir • />/_ »» «ei 
TO   X-'<   «OMNJLE 

«IMIH SS/fjrjITjr        __ _  

kKi-r - 

-Si /•, 

I 

► 
/   / 

*,■»• 

/ 10/• 

i 

i,H'--' 
l^j]iiiii*-''--"'i* 

IW.   fM''»t:o£2/LMHi 

•OWL mtoWJ-.t-. 
~jf   iw      rot.. amwocwT HttiMt _y__ 

0 4* »H CMMT •£/££* ML 
TO  *M  MOMPOLt 

»'«•tu». Ssiuxtz*  

I" 
„tMijuimzL    A**** 4-At> 

JlM U- \ 
"*^      '" •/i|,;i*!!i]u>i- Mot«t «tit OMUMTIMI 

l/WUTM W6TTO»»*T__„ 0C4 fit». 

MCHRW «WT«»»_£_ -*_■£_.■«■ 
««vSarDCMCCt  «LaTwf TO S»t# Hf MM) KM«.. J^> J»MK»T 

„. MW«, meo&f.j, mm 
OW. C0M>0*(HT «*»U«HI_£_ 

o«f o« emvT. [fi,-* »a 
TO  X/4  «0««r«l.( 

Ar.'tmM /f./tf 
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'■. i 

/ 

MO* 

FILE HO .„•' '    .. 

tm A>-/?*f '/ „r   'J;,:j, 
HOOEl »*T OKlEHMTIO*      if»»" 

«MftlTM f4»TT£m« »T   S"    M« ELEv 

tCtVlfKXI MTTE««  TO OH 

»i 0£8«es «CI«TIVE ro SHIP «{«we 

t»s»  

I 

,40» 

"O* «H.  COM»OWt*lT «IflSUKfO»^ 

0 >• 0* PHUT t  *«?1 a» »(i 

TO   »/«   MOflOPOlI 

»em»«*, jy^ jr*r*      

FILE »ta. f'O* 

WOKt M)T 0»«»T«T,9»1      if»»' 

«MUTH »«TTEWl «T  0C8  £L£v 

f LEMTIO* wfe*n_£. ro £a   seo 

•.Td^&DCMfE)   »EUTIVE TO  SMI» HEIDIN« 

•< »v. 

wrw»i 

_D»TE 

MO" ■ -i -"i • :    •• i ■    »• 

/*' 

JU» ■/ .i;, 
«OtXL MT OWCNM'tOW. 

AZMIUTM MTTEHN *f „£- M«. E1.IV 

ELEVHTION Hurt** ro_ oco 

« OEWElti »EL»TWl TO f.mP Httomi 

40« 

.    IW.     .HIFF«©ZJL_«,M, 

^ MOOEL r«0./7< Wii 
MSI eO*»0*.£»T WE*tU*EO J/  

0«0*CM*«T. jj/£,|i »EL 
TO i/4 l»0»OI>OL£ 

j#»inr/i* jn*rzj¥#ft 

us* 

FILE «a . _   IS4 

«w 4t/7i.d!t 
«OML MIT f»iE»)T»TIOII_ 

«WOTH MTTEKN « 

eLEvmo* MTTE«« 

iff* 

_ WtJtot£/Ul     r/t,*, y .^ 

DE«. ti.il 

«o/Z/flMOOtfl   «LtTiVE  TO   SMI» HE1DM0 

far V" •j 
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■JO* 
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.40« 

^. MO0EL FNEO.SM/MH, '-■■■■! ,r-ii, 
_____     'to' ' „j."       • «>• POL   COMPONENT MIMU«CO_L^_ 

■t» flfV 0« 0» CH.WTt/ij.«»  »£L 

fO ____«• TO   H/4   »OWPOLt 

brivt ro «HI» MI40IH«     ICIUW) aa tease.  

I too» wiAUlStti     /■><**,/t/tf 

uf ' to" 

\    !    /    / 

»»• 
£■:~ i::£;;ki\. 

__ M*. CUV 

ti«Twc ro Sx,P MC*0»l» 

MM» 

,»•   **IPf«0J_L-l*l.- 

IK*        poi   COMPONENT M««SM«EB.__ 

0 4» ON CMMT > jy/ .a «b. 

ro »/< Moxot-OLi 

f utna. 

»NT   Al-J-721 ** 

MODEL MT ONICNT4TION 

»-■MUTM P»TTCNN HI  

ELECTION nanim_£ 

i 

DM Mi 

ro  <j-    0E0 

'-ft/UfOM"-1«   «. iTlVE rO   SHI» HE IMS 

s«»»  

HO» 
»«.... -I , 

J7S* 

.„.  $MI» mcofXl.*Mi 

i40. MODEL r*0j&-J(»ii 

POL  COMPONENT MiMUtO    i/ 

0 4» OH t1«Ii iijri»   «EL 

TO   X/4   MONOPOLE 

»t»»««» __•,♦;,<■-yfr-i 

. to-njIjtX/tii.       r/*re* A Mi. 

■   I 

nix NO. . 

MODEL MI ONlENMTION 

«WUT« mTTENN -T _ 

ELECTION P*YTE»N_; 

&& 
DEO E1«V 

re___OM 
«rst/ootMtu NfLirwt ro ft» MüD*« 

(NM  

lo» 

40« 

/ 
/'"I 

140« 

\ , ,M.   i»^f»to J2_»ii, 

u „„, MSOfL rtE0./7i.»'i 

"   iio» POL-COMPONENT ME»SU»E0.J£_ 

0 4« ON CM1KT . jfi_4l  NIL 

TO  k/4   MONOPOLE 

_ (»»Tlv/^tV«»- r/*t»* 4-/tf 

± 
I I 
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FILE NO. 

Moott «rr eme*T»TPON » 

«WUTN mrnm f_£_ DM ittv 

CLCWTION MT TM«  TO OK 

*T MMCCI Mi«ivf to INK» «!<tw PfUKnt J.AV0tntrtr  

mm      WHSty/r?!        /rife*- j.#f 

,K*     "o*      iwx. oamomim tutuMB r 
cm o* cxmt' tljL— »ft. 
TO   Irt   MOKOrOLC 

VV' ••■/      ■/■ .•■•••f~-..i-i-\-'^ .:.■ \ 

[QQ.   t>Wifll///|jj)j]^jjjj|||lttlJ»>'*^ 
*  _     '»• ,.i        "0* «H neon «T a«ie>iriTioti 

IZWUTM MTTtMl »T  ?£9  tlf V 

[LCWION MTTtlWl     J~    TO    £0     Mt 

irC^KMin   «£l.»Tlvt  TO   M» Hf >0m> RCMlKKS^j^ 

IN« 0*Tt A/JOE 

, .' ' "" ~I   ■■.     to* 

newt *NT omeknrioN 
«OSCL fKfoifiÜMHl 

MM. OOMTONINT WMMUJC  

(.«• ON cwutwy-O <i »CL. 

TO  1/4   *0N0l>0U 

»ZIMUTH MTTCtW *T   J"    DM. riCV 

tl,ev*TI©N WTM»  TO _BM 

*T .otMlCf «L«rivf TO mr ntumt       mm». 4&M jJBUK 

MI M-J7it*t 
MOML »SIT OHieNMTlON ■>•        .«o«       "°*        "D 

«WUTH WTTWN »T DM HE* 
ELEVATION MTTE»N_£, T0_^£_0E(. 

1T&&&0MKCE* NEHTIVE TO »«# »turnt «tw»«iw 

IN«* 0*T«^liU^ 

48 
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/      / 

vCv'V   ' s* / / / 
IM: / ■ '   '" 

rr^r"1,..,-\ .j/«- M» »«w ___««< 
won. r«9___«Hi 

•W        ««X CO»-»Olie»fr Mt-SUWO   _| 

0 <S 0» CMMT • ___.*■ »Et 

'Ol/i xoxoeeui 

»MicU^aaa  

I mA:W-/ / / *' 

/ ■    /      / I. / no« 

l_* MO» ' '0* «ÖL. »«-»Oil-NT Mt »Si;« 0    V 

Atmui* «TTMN *T oi« HI» o<t ON emur• „__«§ »c. 
fWfV»tlO<l ■««*»_£_ TO_i£_Ot« T0   »'«   »OIOPOU 

if/iftmemt» «ci-Tivt ro SH» MC-OM«        IIHMI ^**"e sr*r,c  

MM 0«T[______f n*»** 4//f 

•o> 
FT--. . to' 

INI*r*(0___MMi 

HOOTL ntfO___MH) 

II9» «H.. _H«»0»IJ«T M*tU»tO. 

0«»0d CH»»T ■«/£_«• ">>■ 
ro >/< MoxofOLt 

_*Tf_______r ,»y_>_y -»v** 

.«0- 

$N(»f»ea___»Hi 

,„„„ MOOJL f(WS_W_MHi 

'-*    a»«- "»*     w.. eonturn wutmujt  
«II-UTH Mrnm m 0€» -L«V. 0 <> 01» CH*»T • ___«• »a 
Mooti MIT O*IC»T-TIO* 

*T«u_*0£MU»  AH.«*« TO *»K> Hl-W»« «-«--«I ____&{____  

(NO*. 0-rt-______Z7    sr/<u,** *M7 

f 1 



FILt »0.  

Mem «IT owfuntT'O« 

/ 
40' 

SHI» >«C<1 i&MHl 

MOSfL FMtlffi^HHi 
•«•      Si»-    "0*      Mt, ooMrotiEm »tttunto • 

o» o» CM*»-. • t2/_<t «t 
TO  Ik/4  MMOMtr. 

nmnn mrtm tr jr_ oca titv 
tLCWTW* WTTi*»  TO OCa 

*T »MIH «L.TIve TO IMWKOOW« »ItMOm yxA.j   cr*ac  

FILE »a 

»XT Mi-mt -/ 
MOOf L «NT 0*ICNT«TIOtt 

115* 
riO* .10» 

«2HVTN MT TOM «T Ota. ILIV 

CLCVJiTIO« MTTI»    J-    TO    CO    018 

^<iUM.KWCtl  **L»riv£ TO IN» KC«0*o MMMftS 

IK»* . O»TJ^«S3J! 

•W.  •£_,..„ «• 

.i»W 

riLCiw 

«IT Ji-/7tt V 
MOOtI. MT MlM»TI0N. 

«IIMUTM MTTtm «T J~   M*. Cllv 

IUV4TI0*) «tf«IW__ TO »M 

*T Of ex tit MURM T» ««* «t»o»ia 

MM, 

1W.                MSM'l >««.£&_ MHI 
•01, COMPONCNT »£«SU«10_£  

oacew eHi*T«til.«» on.. 
TO  k/4   fcONOrOLt 

A4**     MVUKTM* JB*"«""* 

-wtjiuxau.    ******* A-j/t 

'., 
uiA '<{*:■■ 

ssaaas aoDa 

•MM 
AKT MsOiiSß 
cocti Mrt tMwmtj    '»•     IM.     no» 

4HMUTH »mini *v_ ota (LIV. 

CltV*TI0*j MTTM»_£. Tö_Jtft_0fa. 

"«/dftKMfl* *l«riVl TO SHI» Hi<0N0          nCMMK«. 

tu«* ftart^ 



Vi 

/' i«0* 

Oil 0« CHMT. HJL**> **•• 
et» TO • /« Mo»o»OLt 

I    /.  /    /     I 

ITi—'"fX ■ \      ■ ,' /   ■     /      /IM» 

aflHflllHIh., l,ldU*W\'    .^M,   tHiPMeolSiMHi 

»NT   Jj-/71f "t 
nraof L »XT 0«itNT»Ti0N >»• IS*""  "♦*     'c eoi»o«nsT wummtjc  

MWUTK «TTMN «T DC* CUV. 0«! ON CMWTi fif_£« NtL. 
tLüviTiO» MT 1HW    .<"    TO   fc     Ml                                                   tO   W4   «9N0TOLC 

*'HUft4«WMtM  «fUTFV! TO M(PMt»0O(O WIWII <jd»lit CCAXM.  

'„.     SMI» f«0 2I_MH| 

,„. wen m«. 2K.MI 
J_    <•»*   ~i»>       "°*        •*- OOarONlNT MMIU».0„£_ 

oaiON CMMT.fe'J_« «a. 
I   »I« T«  X/<  M0N0P0LC 

W HIM».«       »tmum latS^, Mut***.  Ute* 

■JJ. «DO». f«0J2£_MMr 
»•        'HIT    ire«        »PL. COMfOHHT MIMtllICO   V 

0«! ON CMMT • *Ü_« «a, 
TO H/4  fOUO'OLt 

,***t*   M*mr#rt Ann*** 

. wiJtOjUiZl     4*«tms A-M 

num. 
»Nf JjtstSaiß 
UOKL MIT ONSCNWSON  

«JWUTN ««TTf»* »___ OS«. IUV. 

iiivMioN wrTeiw_x. To_^_e»e. 
*T%/UfOMMI» «LAW« TO «Mir HCtOWS «aM«i^.   2B5SL5S 

.-;■,   ■-. 

y 
MRS*** 



IW 

*»T 4l-/7itJi            «,;• .'/ L ;fi;J; Ji jj j 3.. ■; - ^ MoocL mo Oil m» 
•am. «IT waw    ,«•    '^    ,,».     ^. MMPOKHW WMWWO ^ 
«WUTH «TTIt'N *T_JC Of» IVt» 0.» ON CNMT. £&£* ML. 
tLf.V»TlON MTTUN  TO Of« TO  X/«   MONOPOLl 

AT Mu»(£J  «tLMIVI TO HI» He»0««0 HEM*»«» VA irjTjr  

/w 

FILE NO. . !»• 

s 

*»T  AS-JW '* „,.'--.'.•.' / 
NOOK MIT OmtNMTiO»     '« 

»IIMUTM WTTfWI «T Mt. £LJV 

•.HVATION MT Trim   r- iojta_,oit 
neJ/faOCSWICIS   «*L*TtVt TO  »MIP IKWK           OEMS»«! 

IN« 04'E^ 

IM« JJ, Id» 

•"•..^'.. \    : 1 / ' ; ■-...••• 

IM« 

*ILl IM 

«NT. 

MOML MI OIIICNMTION 
ss&^'-^HiiisjiV' 

v. 
5HI»«»S(S£Z/.'«I; 

',«.       ' rt»        POt. COUPON«« «IUI»W   V 

»riMUTH WTTMN »T_C. Mt- «LIV. 

ILfVMW» P«TTMtS___ » Ml 

»T KMfit Murwi n «HIP HCMWM       muni jr.-intr* 

IMP.  

0»« ON CHMT• £££(* NIL. 
TO  \/t   *ON0**Ll 

»•**. 
MO*.-""!""'- 

1IC   ' :\V\ 
11*/' 

. *. '' 
»et'       y 

/    ' 

tto\      I 

no« / 
FlUNO.. 

.»n^mmju   *-,***■ j#7 

MOKL «It O»«NT«TI0N If*       iW 

MWU1H MT««« »T __ INK. ItlV. 

ILIViTION WTTMN _£_ Ig f J     M». 

«eiiitoiwiiM «ELATIVI ro «HIP HI*DWO       MM* 

/ 



■•■j-t ■;■ 

lv 

\ no> 

M0*. ■~-rv"'TrT"-' '','"■ ■   "* 

':■■"' , p i : , 

i      '  ■   / 
/ 

/ 

Z?*' *' 

/ 

'•;; ,M.     INI» fREO-ÜZMMl 

' .'i/f'jji ;'";""''■■   '"'   «** »9EL »MO„i*/.M»i 
Br."    ' ','„,.    " !>«•        «X.. CO»»»0«I£NT MttluDtO  ^ 

Oil !>N CM«*T> (fil_* ""• 
TO  X/4  «<0»lO«CLl 

|o««     «wM«jÄtia*ac  

Fin «a    ,w, 

men mr O»PCNT»TION_ 

MWUTK (UTTER* »T DE8 HtV. 

•■'''^viil.ii 

EUVMKX» MTTtHK     J-   T0_^£_0E9 

«aiiow*«» Mu»rivt TO SM# H£«oihC        new««; S&M&UJ 

.   ,M.   %nif f«0/i.3-MM, 

„„, MODEL nnjKZM! 
«It COMPONtwr MEMliBIO   j/ 

OtOO* CH»T. tÜ<B »EL 

TO   X/4   MONOPOLE 

wiJbdyaz?     r/f*«f 4-,n 

i -i 

ML, OOMWMT MMU»tO_£_ JK» 
O4I0N CHMTi<^£«t »EL 

TO  k/4   MONOPOLE 

)>gti«       miiw»i ,ifa i-WHf 

.wnjimatai     s/tte* 4^, 

FiKNa ./. :/;.■•/ 

140» 

MODEL rwo^*1/.»!, 

'•*        !»»!"    "•*        Ml. COMPO»EKT M«»»U(KO_£_ 
^iiiiV" M0OII 4*1 OdUjiMTIO»  

M«CTH MTTIIW «T Of*. «LCV. 
•er*«»« mmu je Y»_/£_oe* 
«ijiiUMMin «euTivi .« IM» »E»ON«       MMHHI hcauaun 

MM 

0 4* ON CMMT •££,£•• »EL. 

TO  \t*   MOSOMvt 

.*«*<*aazL „„„,.„, 

u 
^MmämfrLm' 'i:"--'"'-"aSä 



»0« *" & 

m/ 

W[Tp; 
w 

*«•/ 

7 
\:' 

• ( ̂
-A 

/ 

«0* 

«LE Nft . no- 
'■ / 

wo» ' -iliikii. »NT  A1-/119 "I 

MOOEl »XI 0»IENT»TION 

«..«UTH mm«N «T   J"    0E0 ELEV 

ELEV»TION MTTENN  TO DEO 

»T K6KEES  WHTtVE TO »HIP HE»O*0 

ENS*  

ito«"      "»' 

.   ,*,.    IM» f«a J5£i"Hi 

POL. COMPONENT ME»SUP£;,_£__ 

0<B ON CHm* £U_it »EL 
TO   X/4   MONOPOLE 

HEM«» j** ,r*-rf 

. wtjtoizazi   sv*»t* +W 

no« ■ 

I 

FILE NO.  

*NT M-aitf        ,J ■'■UiiMii 
MOOEL »NT 0P.IENMTI0N no»        „ 

»ZIMUTK P»TTENN »T DEO. ELEV 

ELEVttlON P»TTE»N    J~    TO    //)    DEO 

>T£/dfeDEO*EE:  P.EL4TIVE TO »HIP HEIDIN« 

»NT  JH./11.*** 

MOM I MIT OKICNTtTION 

■J-'tii.lUik ■ „0. MODEL rmoJ2!Lm„ 
W" wo«       "«•        POt. tt MPONENT Hmm   y/ 

»iwoTH «rrenN »T_C DES P.EV. 0,, 0„ cm. g^,, iCL 

IUVCTION PtTTElmi r, OH TO >./«  MOPOPOLE 

« t«EES Kl'.flVf TO Wm HE.0.NO MW«ipJBg   ££ZZ^Z£Z™_ 

IKW. .»««^«öi'/a   ^.v*** ^^» 

»NT A£;/7J.t*r m. 
MOOEL »NT ONIENMTION  

»SIMUTM WITTIPK       __ ots fLEV 

ELEMNCN IMTTEHN^C T0_^._ OEt 

»T^ftDiawtEt ftturivt ro (HIP H;»M>« 

tNSP.  

/lUiiifcUil 



/' 
;     , ,   ,„.    m» FNCO££&MMi 

■ !»•       "„'5."      "0" POL .COMPONENT M£»SU»E0_J/_ 

HIV 0 40 ON CM«T^   ¥//   t\ ML 
OCO TO   X/4   MONOPOLE 

»KIP ME»OINO       wiwin jtfttrt'rr  

EN« omjiamjLZJL.    ^/sttet /far 

IX' 

& 

IK' "| ■'   I      I \      . .     HO» 

»NT. J1/7M'* „„; •^M/JJiiiiillLiilV'--^ •"'•'c U0ML ""•**•*-MM> 
MODEL »NT C«ISNT»TlON HO«   * ','»•        "•'          POL. COMPONENT ME»SUP£0J/_ 

«tIMUTX »TTE1N «T 0(0 ELCV 0 4» ON CMMT ■   ^//   40  P.EL 

El.EV»TION P*TTCP.N_£1. TO_^>_PC0 TO   X/4   MONOPOLE 

*T*iii0e»)«EM  NEL4TIVE TO SNIP HE»OINO NEM»NKi   X£d <r*r-jr  

Ell«. . O«TE &&X02J.      /r/tet-et j.^ 

ur 
X 40« 

,\W 

\^ |0* 
*1<>" 

' ^ V 
f \ \ V 
< \ \: 

r 

^'•'^til'iilJiIiililliiW' -"'"»•• 
SffllSJr l#      POL. COMPONENT MI»IUF*O_X_ 

M*. IL«V o «• o" «M»*T • i/L-** »* 

■ 110» 

,-   140" 

,„.     IHIPPNC0 22—Mill 

MOD». rmaJX »n 

TO   X/4   MONOPOLE TO   ifV    31» 

kyj TO WIP HE*0*0 «,C«fMKS JUAnt^-MXr****. -Vi 

IW 1* 10» 

«*><• '• - .\--\'+: ;■:;(•■•■/■' / /    /•':' 
,"?A \ ■ \ ^ 
'!A    ' .A   ■ 

FILE Na . 

»MT   Al •/Is 

MODEL »NT ONIINT'.flON 
s^iiÄilps:!: 

40' 

w.    «NIPFREa.2L._MHi 

MOOfL F*E0 //C.Mlii 
ä?"*",gJJ,"'"l"l04        POL COMPONENT ME«*U«0J!  

»JIMIJTW MTTIP l »T ___ OCS. ELE¥. 0 «I ON CKMT • tj.t-"» «L. 
aiV»rie*P-TTM».£_TO_»J__DM. TO  X/4   MONOPOLE 

.T_H___*t«E£», NtL»TIV_ TO «NIP Ml »DM« MM-NM i»r/r    Mr-tuwf   u±r* 

IN« tkixjuazazt  *?«*•**■ 4-n». 

H 
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wumi ■■■ «•■ '«w 
■^^alj*uitWiM^.'<^atAW'Afe.^tj..v 

» WOÜZMH, 

■eocL FDCOJSJ£.MHI 

^T       im" POL COMPONENT ME»SUI«D_i£_ 

C<S ON CHANT ■i£l_««  »EL 

MOOfl. «Nr OP.!5*T«nON 

»ZIMUTK MTTEHN *T _£_ DC8. ELIV 

EL£V«TlON P»TTCNN_  TO_ 010 T«   *'«   MONOPOLE 

«T Diantes NEL«TIVE TO SHIP ME»0K»9 NEMAN«* {/&££ fZHB5L  

cP* 

\K.    «MIPPIKaÜSAMH; 

•>•        IM>       "«•        POL. COMPONENT MtA»UNIO_£_ 

ANT £ 

MODEL «NT ONICNTAMON 

AIIMUTN »TTMN AT 0C0 iLtV, 

ELEVATION PATTt*N_£_ TO_Xtt_OM 

iTjki^tOtMIla NtLArrv«. TO INIP HE -.DM«        «mm 2Mut sr*r*  

INM —wijwum.    AtmtnlN» 

Ml ON CHANT' i£_«  BEL 

TO  It/«   MONOPOL! 

MOXL «NT ONirNTATION 

AJIMUTH »TTENN «T   .f   DEO. CLEV. 

ELEVATION MTTMI  TO Ola 

AT OCONCtS  »ELATIVE TO «HIP MEAD*0 NEMAN«* . 

EN9N.  DATE.* 
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POL. 0»»0«E»T IUMB   >^ 

TO   äl/«   ¥C*OI»OlE 

IJ^ «0«. M£0^£i««Nl 
WL. !»»IMS«tewT KUKUt   g 

o>> 0« cw»T. »^  « »a 
TO  »/«   «M!Q«H.( 

/  /■ ■/. 

»OOtl MIT 0*1f*T»Ti0l, re*       w*.. as*roHiirt nc«su«to ^ 

0<9 0« CH«*T«   t^_t»  ML 
TO   k/<   *0!K>«>!.£ CirtfOTlOHI «TTH«_JC. TO-^&_0E9 

"bÄ»"tmiCt   «tUTWl  TO   5"* Ht«W»S »HIM«1   LIMJ 

«« o«Tg M//m     ^it^j-j^r 

r/ 

v"i 

i -\  \ ■ V A .WJ 

MM 
'■■?+- mm 

FILE «a  

«oca. «rr <mn»nneu_ 

m,   SHIP >«o£Z2«Mi 

»• j^T       ire» POC OOMPOWtNT HIW   ^ 

I 
0<8 0« CHM1 • /^   <■ »ex 
TO   */«   M0*O#Ol.£ 

»imuTH «Trim «r oc* euv. 
CU«*TIO» MTT«IW_X1 «I    ft    M« 

r 



ttn 

*ia «a. 

'<•■' *_> ___g- 
WOCCL MT OCl£»»T«M 

•■.-       /     ,:,       I ■]      ■'    <      "' ■  •'•'../ ■.'-./:-r4 ^i...u\--A 

S IK.    S«<» »*f Q *_.«SU- 

MM. '«0_i_»«» 
I»-     "o*      »et. tcnoowewT »twu«!; o- 

o<» o* CHjsf. +r  _ »EL AIMUTM >»TTC»* a   .f  0F3 fltV 

ELEVATION «TTC**_, '0 BEG TO   > «   *0«0»Ol.f 

AT DceacE) «SL»TIV( TO w» «EAOW«        m«w>«j //»,»_ j___c 

7 
rvt/ 

/       / 

vlWl 

/»-• 

WV 

V \ .y 

o 

____<» _>4_;i:   :   i  .   .*_ 

MO* 

FH_ «a. 

**T __ 
•OOti. A»T OHlCdTATIO*      m 

«ZrWtlT« r  "TEH* AT  DEO  ElEV 

EUVATiO«! »ATTtl«l___ ">      __0£<S 

AT^/Z/IMOKEEJ «ELATIVE TO > ,,e »ik<mn        i EM-AX 

£*«• D«T£_. 

«wes. «*T omctimKM 
M»MT« (wrram AT eg», euv. 
CUV«»» -»ArTt«  J~     TO   _     »C« 

AT|__ oeanEEs WLATIVE <O SHK> HCAOW«        »;VMK3 <______!_ 

„.   »M» »f«a__«iti, 

1M. «SMI rato___«iMi 
«a«      "t        ML. «•»(M-COT MM» g 

Of» 0« «AWT« _i_<» ML 
TO   \l*   »OXC^OLf 

Fit« No . ftO* 

re* 

M* - M«U_0__7      syrvr* 4-W 

ANT /fr „ __? w "'•*,_',ii|iii ;i;W 
«OOZL AWT ome*TATio« ______    >■»"        «J»       "* 

«»»uTwuiiTTei«« AT._C. OEO tee» 

CL1 ATKHI PATre»»  TO 0E0 

AT „*»»«   «eiATWE TO  S*» MEAOmO »mis 

i., *• 0«TI. 

■ 



nu Mi 

»OOfL MiT OWCHWTtOtl 

.0- 

«OML »«ecjüSü:«"! 
__   ia^~^JJ     ,»«•      fot a»i»o«t«T «ictw«tc  A- 

»?«UTM l»TTe*HT _BMH.IV 0<» 0* CMHITs _/__<•  ML 

<T^__MWC(9 «L«rivf re M» »f»ouns        »o>n«i 4&ZAAZ4ZA.  

»MWTH «rrcM ir_c K» M* °'» o* «""* **-" *tL 

CLCWWIOI« *«««■ ro o« 
OT gt«MM «turivc w «** Ht«o««       W*wt__j< f fyr*1 . .  

. mtjUjUOZi    ,„„* j.m 

rC.s(«v'■' .:*-»•■<*>,•>■■.;.■ 

i___ 



i -   ,H 

ilr 

«a «a. \ 
»«• 

.4«» 

k   -~i^\:^Ji.■:-■-■*«• mm.nmmjtm, 
    ne»      «j«     "»•      Wit cwwumw mmn jf 

"«^X*"«   «tL*T«t  '0   MWMtlMM IHMM1   StA irjtpr   

»»IM MH   ,<</'    tfj       Pitt,"    Jt ft» 

meet MTT (wifiiM'ioii 
ttmynmtnmn ei« fit« 
flCWIM MTTtm 

MC 
mXH: mi 0»IMT»T!0»     •»• 

««UTM «aTTt««l»T  DC«  ti.lv 

rL£v»rw* MTT«« ro Of« 

<"}»Ä&'*T£'   «€l»TiVl   TO   S»^K£1C» 

HMD 

//»• 

HU w. 

-J'vi 
«OKI «Xt WWWWWW _     «* 

««nur» muMMf «a urv 
euwrion wrfm /■,  ro.i't.Me 
"«/0H.NMMI WiJIlvr to «Hie mAi*ii 

CM«  . °*TM 

<X i 



0* o. 

,; ,,„. won majBl w> 
"•»•     ■">'      '0|- «woxtnf ««unto _£ 

019 0» CHMT i £J!_ 9« »& 
TO   hi*   HODOrOLt 

*l«l**l ^£AJJ[ dzs    

TOO» 

mutt» 

nocei *»r o«it*MTKNi .»•' 

4/IMUTK renum *T J~ Ma (ify 
f.l.fwtriM! MTTM*  re  DC« 

»T, OCMHi m.Mtmt »6 SMi» MI»0««9 

CM*  

to« 

0 «» 0« CM»T .  ^_   t»   »CL 
TO  &/4   MCWOPOl.t 

»CM««« J-*"/« ^ r> ryr  

*r/<:i*-£- /t /«; 

\ v,! r / ' / 

i i 

m$& „,, WML rannte«. «tu 
•oc cowoufwr M»MU»»D j/.. 

0 111 OM CllMT • /// <K *H 
TO  »/«   «OTOPOil 

fite «a. .,<>• ,     ■' /; / r 

       If»» HOML «IT omfKM'io* 

«WUTH mrrMN *r Hi JLIV 

eiewioiii ™rrg«(i_£. TO L.   rtca 

'«,> IT»» 

,,„.   I** tnta HJ.w\ i 

ltt, mm. rw»U6dmn 
FOt C0*P0»l'»lf unwWD ^  

o« • 5* CM<«T • £•£ «; «u 
TO  »/«   *0*C»0U 

*'»to«»«ei« «unm T» tw HUM»      ««•«ij4tu4rt_ 



f    «• 

\ " 
/ft- 

Mooru «f <m*«(f*rioti '»• 

«UJUTM »TTK» »T Of.» My 

«'«//&«o»rri «n«nve ro <«ir HCIOWO 

tue» 

,,„. «eon. rmof&jim; 
■its' KS. CO*»0«fBI «(MURED _*/_ 

0 »9 0« CN*tr . j£_ «ft *£t 

TO x/4 »oxonu 

*t*mn_Jta_txjux.  

*ta no. —   „„. 

noon, **T o«'t»r»no« .     m- 
HmuTH »Trtn«»T BCG lL(y 

EICWTIO* MTTt«»      f-     TO    (f     OK, 

»T*Aja0£*<«'   «L»TIVt  TO  SHIP ' f.««.« 

Mt* 

«u HO. . —      ft«« 

VOBIS. «M»T 0*lt*T»NO«l  

• A,;,,./, 
«WUT« »TTS*( «T jC_ DM IlIV 

»Lev««*» mnm re DM 

»T ocMce: «urwi n «t» MMO«« 

i    u ,„. MDOfi. »MO/?«•.. »n 
i     "o*      ML. eonwoiiHiT MmeNM j^_ 

O.IBO» <.«•*'« iX «» um. 
r« ) ,4 Mottopoct 

ttmmt^tjjtfyut..,  

MC" 

IT»« 

//•' 

ntiNa _   „„. 
m *J$ML—. ,„.'   • J   j, 
DKXti. Un OKttHWIOH if' ' 

«IHUTH miT2HJI »T HO   tilV 

f'.fvWIO* *»«•»»_£. fO_ii47_D« 

»Ta/is&oM«»«-» «*L»TIV« TO »Hi- Hi now« 

IN«». 

Iff 



i ! " /   / 

"«*..   °*.      w» 

H sr- 
,„.   imnmio if himi 

KM«        ,'■' ,40. »ML 'tnJti* m* 
_____       K* r,y "»* »OL  COM»0»l»T »C»JU«fl>_^'_ 

„Ot* ILtv c.» ON C«*»T. •_£_«» ML 

_W__|_ W« TO  »«  »0M>»0l.t 

TO «M# Ml»i»a MMKi  J__j  jLgfflC  

«Lima    M. 
4*t ^__j__* 

MODEL Mf OftlMT.TlSW 

»IWUf» «TTt*l »T    .f   K« ILIV 
UJV4TI0* MTU»»  TO 0£» 
»T ot«mi mctrivi ro mi» HCMM 

UM  

H.   «MI» tnioiZi. tin 

"o*      »OL co*#o»t«T «t»suwo>; 

OttC» CHMT > /// 4«  Uli 
TO   »/«   M0»0»0l.t 

«*»«l._V«ji_jX_.  

^/d,rs V .<•/ 

/• 

■ i 

'.. \ 
\ 

»7»' *' 

.'/ „' :/• i .«•  «^»'».oZv..»»!« 

I*    'v.,'/,",'!; ; I    '    iw» <MtLfmoMi.mil 
__ t»y   :_•"">>»•   »L. co»»o»e»T »II»IU»I*___ 

0<f o» CM«r. JV/M •»_ 
TO X/4  M0*O»0Ll 

na«a. 

[et*, in« 
lf»J__W« 
W»W# "t*»*» »EM*«« Sj£Ajr*/*  

«fl—L /HIT OWtMHTlO» !•»•        "J" 

«HMUTN <*TTi*» *T Did tltV 

t.f wie» «»«»»__. re_»__ or« 
<raV_feN*MI* «tUTivC re tw» «*ow«        «(•LMK«_££<f.Sj2ti 

,«,.    SHI» f»£0 a. -MH; 

Moori. ma JA m>, 
to' »01 09M»0»C»T Htttmt J__ 

041 0» CK—Ti__/_ «a Bit 
TO  »/<  M0«O»0L[ 

. MTt-toC-XS'     r^/ 4-tQ 

I it 
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«UOti. Mir O*£*MN0» '»•' 

»ZI-.TK »T Tia* »T _£_ Of« lUv 

cuv-rio* »Treu* ro »es 

»T Of Mt 15  HfL-Twl ro »M» *t-0*a 

IHS«  

.,„. «DM:  fUto^jafv«, 
«X. tOt»ü*tl»r »f«iu«iP    *^_ 

c«i o» c»*»» ■ _0 _»» »(L 

ro 1/4 »o<»o»0i( 

««•♦UM. -_*^_l_»_fc-__  

 N« __U___/     r/«* r4- ■;* 

/fV 

JOOfL «If 0»!£l»T«ri0l«_ 
roo* 

»Ol I 

JIIMU'M »rU*X IT  DCS   ElCV 

at WWW» MTrm»_jf..   ro  .V    Mt 

»T£__oto«ffs «fi-rivt ro »w? "r«««« mamo   j__j 

t»m ..«rf  4tfjj\ 

HO' 

flLt N0> _____ 

»at *7 fpu*/* 
MOOCI. MT omCNT-TlO« 

MlMUTH MTTlWf -T __. •*•• "-«V 
«„VANON MT ft— TO     ,      OH 

»T „OfMKi «turrvt ro «tip MC-OWS 

IIW. 

HO« 

w,    JHi#f«oi%'.MM, 

lM, MOOCL m_i«'«ii 
l'O»        «ÖL, 8B»«>0NINT M4HWJ__ 

0<*C* WMT"_8_«» «l 
ro k/4 MomofOLC 

ulMMi.SfA SXATdt  

_f'"t___vAZ?   /»>-r_y <♦»-/_•? 

/f.* 

roil 

nana    ,„.-• 

Moott *NT e»it«Mrio*  

•ZIMVTMMTr(<M«T oc5 tuv , 

f UV-TW* MT TUN    .      TO DC« 

»'«Vl-».**"*' «Ct-fivl ro «MI» Hf tonn M«MM_WäE| 

«*•» (tin ftrnql 
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i / / 

\ ■ i 

/      ■' 

/ .  / 

' 

i ,M.   imrtnatti-^i 
i   . • 40. «oofL mo-iftdtmt 
iW        Wl O>M<0»E«r Ml*Su»EO_£_ 

0«8 0» CMMT-   • <b Ml 
TO   »/«   MCHOPOlt 

M*«« J _UL4J*MJJ&Z*  

nu NO. 
MT * !ÜJt-Jt£jHä'/' ,«,. 
MOOtl M» OttlCWTiiriON  

;•'■• ,,.    •„,.. won '»coif*.* MM, 

„0.'      '>'»• WH.   COMfONfNI Mf    >U«D_^_ 

4*I»IUTM «UTTEWlM OU El£V 

ELEMTKW wr»€»»_£. ro_£a_OEa 
*'*/*»i*a«is «i»nvc re »NIP xnomo       MKMKS.JCAMUZJM 

on o« CH«r> fj «e mi 
TO   */4   MONOPOtE 

• •^^tjuesf   we,,4./si 

27f 

I 
140» 

V . •  .»•  »H»'«O.ä3£.*»I< 

*    ,w. '     UV »01. C0¥»9M*T «MMUMtr 4£_ 

Ott 0* tM*IT« _Ä_4» «•• 
TO  »/«  «OWOFOkl 

*w***%..jc4aTJU* ,  

nit no.. 
./ •1M. »m»f«o*8:..«i»i 

lt0. MOO«L Mlo.WW*>.r 
»won 4tn MWW>                  i«< „o.     Ko«     wt eo*»oi»M7 uitmno_y__ 
Hmi» mitm«T w« lit*/, oi« oi» £N«r. „a,,* »j,,. 
»UWH0«|MTTM*__ T0.___M0 TO  »/«   MONOPOLE 

«•/4«Min *i»wi TO «w MMowi      «•"»«•„^Ä«_xisreac_ „___ 

2- 



°*.    * 
•-'I   •!• '■■ "r -..   w 

«OKI MIT 0»lHlf»flO«i 

iiii> rma w,f »ii 
»Ott r«wZ2£?mt 

'•»•        i»l      Tw»        POL. COt»ONf*T »l»suntB_il_ 

*ZI«UT» «trimj JT£_ OM tv cv o <• o« CN*»T . t££<• «a. 
ILlWIO»! »*TTI»«I__ ro 0«fl f»  «•'«   MOIKOWLl 

*T,___e*««H WL*riV( TO «WMIMMt HHWIKi.Viy gy,y»-/ _,   ,fff»,f/. 

urn. MIJ&ULJ27J   *■&**■* y/to 

FILf NO 

«■" gaawaawr 
MOOCL MIT MltHnTIOtl 

«ZHHUTN IHTTIWI *T Ota. CLlV 

ILCWmM WTM»_j-_ TO ft     ""» 

XlOjjtl.MMICS  ML»TIVI TO *NW HCMNO e|wA»«5J 

IMIt 0*TE^2ä 

NJJU— f; 
IM« \ I 

ff fllltflf (tffl 

wi. nwoäiQLMNi 
(l   WMUtHMTM« llfi      "3?       <»•        «Ok. COMPONENT MI«UWD   / 

■IWUTM MTTMN «Jl Ort. HIV 0« OM MMT Mft£« MV 
ILIWTWW MTTMW  TO     , OH TO   k,4   MONOPOL £ 

»T.__oif*«ii «urwi re m» HCMWI      lUpymwi fljJM J8filH< 

f    ' 

T:.|: !■ -V- V'W '' 
\  \ A 'V- ■ ■■; /■; 

no 

«U Ntt 

«WML Mit ONKNTtTIO«  

»HMUTH MTTIWj «T___ OM. |UV 

fllMTM» MTTMN_X. W^t_M«. 

"«äXLMMI»  «LATiVt TO ,-W HUM,, IKMMin, 

I1M    .     _^'iJäü 

Z 



-^,.  SHIP meoüj "«i 

~ST~   "•*        »Ot. OOWONCNT »nww ^ 

0«e ON CMMTi £££_«» Ntt. 
TO   A/«   MONOPOU 

-H-.r\'   '  -W'7 

«•><;>:•••: ,-/%.■. •/■/.■/ /:;rarf»*b' .1"". 
V / 

Fit« NO  

MSOCl «NT ORilNTtTION 

',,/ 

AZIMUTH »TTINN »T Dt«. ILCV 

CLEVMION MTTMN_£L TO_^£_DM 

«T»/J*Ot«P,»»  P*l»Tfv« TO  SMI» MttOWD 

  «con r»VilZLlL MHI 
«• iKf TC« «>l  COWOKtNT MF«SU*tD _£_  

0»6 ON CM«T. iVT^ji «II 

TO   */4   MONOPOl.1 

INON. 

Nil«»« 

■ **1*3muUt2i     r/ec*r 4-/a 

.!' f    ' 

#': >! nil 

• no» 

M.    SHIP fnO£/jL MHi 

wot,. r*tait£±»*i 
ilf        POt. COMPONINT »ttitHtO   i/ 

0<( ON CNMT •■#>./.« Uli. 

TO  »/«   »tONOPOU 

k NIMRKIj 

.MtJbsäuXZl     ^y*t*vA-X? 

'   \ 

I ,  / 

I   / 
/    / 

< / i.um\ i 

/,«. 

FIU Ntt 

»NT 

MOKl «NT OHItNMTION 

tNlPFWOJ^MMt 

MOOII. rwoÄEiMHi 

«IM»       ir»«        r>l.. COMPONtNT Mt/,JUMO_i'_ 

0<IO« CHMTi TV//«» «l 
«»HWTN WTTCNN «T Ot» ILtv. 

IUV«TIO»(l>«TTI»N_£.TOja_W«. TP  »/.   MONO)9LC 

«aUgfrMMt» Murivi to «NIP MI «MM       HmMMOim, *■ ***-. 

H 

k 
<^ - 



0" 

FlLt HO. 

»»i ztMUaäUW 
MODEL MIT e*itnr*TiON 

*t«IUTH «TTCIMltT    .! 

HCMTION MT reim  

»T 

Mt CktV 

TO 01« 

MMCC9  «L»rivl TO «HIP Ht«MS 

man. 

0 «I 01» CHMT • t£Z** Mi 
TO  X/4  «ONorOK 

„ BATI tfrfi/r/r?J       r/t Urs J/jI 

*WT zi&aateay 
Mooei MIT omtNTtTioi» 

«IMUTH »TTtW« «T 0(0. rttv 

IkfVlTKM MTTE«<_£1_ T0„££__0E0 

uQ£ltt.otmtt* mt«Tive ro SMH>HC»OWC 

MO» . 
HO" 

ru« i»a  

MOmi MUT OÜIMMTION 

»JUWTM Mrrim »T .£_ am inv. 

«LiVWIO«! MTTM»I__ fO Pf«. 

»T .MtMft NktTWt TO «H* »IM«« 

IM*. 

WOfL ruo/Z-WHl 
■»*»      POL. MWW(ff MMOMR J/ 

0«»0»SiU»T >.&£.«§ ML, 
TO »/« MOHOPOL! 

Mnwmztw jgg^ ä$mm. 

\   V:A V/V//l 

IL( na ,,„.- 
•NT T*,MMVIUr 

MOOEL Mt 0*II(«IT»?I0N     '»•        recf» 

»IWUTH »TTI«" W 01«. tUv 

(LlWI« MTfM«l_X. rt>JfA_-"M. 

*T4£i(po«»miu iWL»Tivi TO «HIP n'«M 

IHM 

3 



k"//.. I. ■•v--'/// /" 
/ no» 

• «• „,.        IF»» POL. COMPONENT MMSUWO^  

( fi(v OK ON CHMTI txZt* an. 
4/       Ota TO   X/4   MONOPOLl 

■liii 

' 

IMIf MIAOWO F>EMA«KS_j£»U£ 

\ \ 

»■    ,\ /   -s.    / / ,:•••/-+•■',... < •■  ■ 

V' 'Mi, 
wi ramm**, JJ///;Mfflllllll,Hia\ .VA^ 

'  /,7.Jr|.i,\ 

/„■    SHIP fato /Ü. MH i 

»•OOfL FAES.ÜSÜ MHi 

MODEL «NT OAlENTATION IF»» POL. COMPONENT MEASuPEO 

AZIMUTH PATTENN AT 010. tLlV 

tLEVATION MT-;H»N_C. f0   fig     °" 

'"   .ÜÄOEOt.etS   Mt.AT.Vt  TO SHIP Ml AOINO IHMAUKI ^jj/K 

o<a ON CNA*T < tjL2«» atL. 
TO   X/4   MONOPOLE 

tNoa_ OATtJtttvr   dgf SZfeX*  A-/ir 

V/i.w.      //Ill 

It X///u\\\ 

;:„i>i>i»o«   •K» '»«9 Ä- «»Hi 
MOOCI. PMO JULüNI 

„oT"""^;"—7,»»        POL. COMPOMNT »ltMU(»tO_Ü_ 

a «LI V o «a ON CHART • j«X«« »o. 

iX»_P«« Te »'* "»waoi.1 
re «4» MtMo      nwmtjUta* *Btt$ ST**M  

HM «. B»TI tOnuutZJ    ^wartr 4/70 

\ I ! 
v.--\--V-V-\-/y//.!\W ////// 

MB «NT MMNTATION !•»• ,„,        IF»» POL. COMPONENT MEASUaF.D j£__ 

AIIMUTM »TTtW» AT K(. f LUV. 0A* ON CHART < &£_<• *«■ 

tltVATION »OTfllHt   |*    TO Kg      PI«. TO A/A  MONOPOLl 

AT«Ö»0MMII   WlOTrVI TO  IN.P Ml UM« AtMAA«! ^^/^ «MOt       tfltttt- 

■ 

H 
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»NT -TjC//l/t4ilMJ' 

MODEL «NT ONIENMTION 

»IIMUTM P*TTE«N »T   -f    DEO. CLEV 

ELEWTION P«TTERN  TO OEO 

»T DEOftEES  NEL»TIVE TO  »HIP KE«OWO 

Emm  

,_^>^0.     SHIP FRE0.3i»2_WMl 

MODEL f»E9^2ÜLMMi 

POL. COMPONENT WMWEt    • 

0 «B ON CHMT > Alii«» «EL 

TO   »/«   MONOPOLE 

«»will jy^ STjr^ STf*,v 

ro* 

\ 
IM". 

\ 

\ 

] 
"Y.. \ 

»NT ■rv/*f*ivst*r 
MOOEL »NT CP'ENTATION o' POi 

AZIMUTH »ftTTEPN »T OEO  ELEV 

ELEV»TION P»TTE»N      JT   TO    46     OEO 

»T<5/2Ä.OW»E"   »EL4TIVE  TO  SHIP HE»0«6             »£M»1|<3-jfrf 

ENOB D»TE JTfeyV 

«NT ZfanaaüL/bte 
MOOEL «If OPIENT»TlON 

i40« 

',(0.     »MIP»«0,CZA*H( 

MOOEL FHEO&&LMNI 

POL, COMPONIHT MtMUMO  // 

Odl 3N CNMT> *fTll »EL 

TO   »/«   MONOPOL« 

«ZIMUTM P»TTEN« it   g.  »"■ £L|V 

iLjvirioii pirtim. TO. on 
« MMiii IWUTIVI TO »HI» »if »two      «mmtfeUMMSi Utm  

«NT T£/ä/i*V/l*f 
MOOCL «NT 0NI£NT«T»ON 

MIMUTH »THIWI »T OM. CLIV 

et,(V*TI0K PATTINN  TO DEO 

«Tt^äLMOOEES   »ELJTIV«  TO »HIP HEIDIN« «EM»B«!I_J/;. 

(N»«„ 0»TJj, 

S4 
J. 



ITT;      «• 

7 

... -„— JL.i m n- Liifii fciTi lllflMBMM 

IV / ,"; 
/ /:/ / 

& 
JL 

«e5 
Ar \: 

K.    SH>Pf»EO,iLZ.MHi 

«OOEI rittaSülMMi 
«• ML. COMPONENT WOSUWO    g 

Ott ON CMMT>»X»_«« «L. 
TO */« »ONOPOLE 

FILE «a <«,.     SKIPFHCOiüWMi 

MWCL »XI MlCNMTION '»• «•        "•* KK.. COWPONENT MCMuPEO    £ 

«WUTH NTTCMI » OC« BUt« OlS ON CMMT- *£&* WS.. 

EIEV»TION wt««i_jr To_£fi_ota TO X/< MONOPOLE 

*T*#»WWEES ML*TIVE TO SHIP HE«o»io      mmmjoLeata^   ioas/e. 

EM» MTt^f/fty      ****** JW 

>   SHIP FKEO.^Z/LMMI 

MOOEl F*CO££fc.MHt 
tw      P»L. COIWONENT «;;nsiwco If 

Of ON CHMT» jMtfl Ml. 
TO »/4  MCNOPOlt 

MM*M^QU2a8E^£DEatl__. 

v.-,->//fflV.<.--y   / 
.*] 

\   />/ / ■/. : .  A   V        / .   /   ■•/      / 

">'■. 

/,. 

1W \'"V-;"." \.-'. 

lily 

*NT aaautmnc 
«OKI Mtt <JIII£Nr»TiON.„ 

.-   I«6» 

>,',<i«   *H"* '*eo J3^. Mwi 

mom i »nEafi£iM«ä 
(«0«       5^  I»«        POl. COMPONENT M*tumt_£_ 

«IIMUTN mm»! t? Of« SIEV 0<B ON CKMTa££2M «Ci. 
£L(V»TK)llP«m»»„<C.TO.j68_0««. W X/*  «WOWlt 

«ttSarsuMtu «i*wt TO *»* kmtft      nmm» S*A jzüflg -*>».«' 

••    - 



OTO3§9 

MOOEL »nr OmCNT»TIO»  

«muTH PMTEP* «T j- je» tu* 

ELEVATION P»TTE»N_  TO D£8 

SNIPFNEOJäULMHi 

«eon fmoJGfctwKi 
POL   COMPONENT ME«SUPED_4£_ 

0 <8 ON CHMT ■ fSC »* «EL 
TO   W«   MONOPOLE 

W OEONEES  «TUTM TO SHIP HEIM» WEM«»«» jf^ r»»,     J»~.,y 

«w* »"»w a»    ****** 4w 

-\     v' ■ / . / ■■'.':. '■   '■ 

HUE NU 

»KT. gBMMMaang 
MODEL »NT ONIENTATION.        

»JIIÜUTK P4TTENN »T 0E8. ELEV. 

ELEVATION MTTEÄN^C- TO_&L_GE9. 

HQJUto-DE8P.EE3  NEL4TIVE TO  SHIP HEADINS REMANK9J 

_ OATEjJfc» 

sso» "• 10° 

£,.  imp mo .2t-.«iHi 

„. MODEL mo JBLmt 
IK" «tOCC. «NT ORIENTATION 

AtlttuTH IMTTENN AT   J"   Oeo ELEV 

ELEVATION PAT TU» TB 0E0 

*r MEMEES NELATIVE TO turn HEAOMS       NEMANM ja^t äjMJy KMttjt 

POL. COMPONBNt MlASUNE0_£_ 

0<» ON CHANT» £££*• ■»• 
TO   */«  MONOPOLE 

ill||lS' FILE ma 

MOOEL ANTONItNTATION  

AEIMUTH PATTEN« AT   J*   DEO. ELEV 

ELEVATION (MTTENN  TO Mft. 

ATgrfUEt PttJIEEl  RELATIVE 10  IH'P HEADING «EMU;  J 

ENON oart J2JM| 

3 
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APPENDIX B: DERIVATION OF RANGE PREDICTION EQUATION 
AND A JAAiPLE CALCULATION OF MAXIMUM RANGE FOR 

Vl.F-FM (30-76 MHz» ANTENNA AND RF 
DISTRIBUTION SYSTEM 

The predicted n-mge attainable by a communications link can be deter- 
mined from the curves in figure Bl, This figure displays field strength in 
dB/psV/m (ground wave) as a function distance in statute miles over seawater 
for several frequencies, assuming 1-kW radiated power from a lossless short 
mcnopole on the earth's surface. To use the curve, some assumptions are 
needed. The assumptions made for all systems are: 

1. The received FM signal necessary for a maximum range is 
-91.5 dBm (20 dB quieting) for single-channel voice in a 50-ohm system 
(ref3,p. II-18). 

2. The available power output of the RT-524 transceiver is 40 watts 
f<-46 dBm). 

3. No external noise (i.e., recei'er noise) limits sensitivity. 

4. The land/water interface effect on '"ield strength is negligible, since 
the link is with beach units at the edge of the seawater. 

5. The receive antenna is omnidirectional with G-dB gain. 

The equation for converting the given information to that necessary 
for using the curve is derived here. 

For thjjjreceivingLsystem 

For a \/4 monopole antenna over a groundplane. 

^oc = ^e 

Voc - E X/2* 

where: 

VQC  ■  open-circuit voltage (volts) 

E  =  electric field strength (volts/m) 

he =  X/2ir  =  antenna effective height (meters) 

X  -  wavelength (meters) 

For the transmitting system 

Figure Bl is for 1-kW, +60-dBm radiated power; however, the RT-524 
transceiver power is only +46 dBm, and there are other losses associated with 
the transmitting system whicli require additional   erections. It is assumed 
that a reduction of X dSm transmitter power can be compensated for by 
requiring X dB more field strength at the receiving antenna. If a muiticoupler 
is used in the system, ar. additional term must be added to account for the 
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insertion loss. Therefor; the correction factor for the transmitting system 
becomes 

X(dB> = 60-46 + RGxnit+o,+^t = 14+ HG.<mt -n^ +ß, 

where RGxmt is the transmittint antenna's rdative-gü.i correction factor for 
an antenna other than a short u*skss rv;.-nor:>!e.a, is the rable attenuation 
on the transmit side: and #; is the mu*' coupler insertion loss on the transmit 
side. 

The toiat expression for using the curve then becomes: 

E »dBteV/m) = V^ (dB/pV) + 18.8 -10 !og 0/2») + RGrec 

+ «r + ßr+RGxmt+at+0t 

which is the range analysis equation i I > given in the text, where: 

E - electric field JvTengJb in dB/jiY'/m 

V^ = receiver sensit:vify in dB/jfV 

X ■ wavelength in meters 

receive antenna's relal 

transmit antenna's relative gain in dB/l/4X monop le 

RG^^. * receive antenna's relative gain in dB/I/4X monopole 

RG xmt 

a. = cable attenuation of receive system in dB 

Oj * cable attenuation of transmit system in dB 

ßt - muiticoupler insertion loss of receive system in dß 

ßl * multicoupkr insertion loss of transmit system in dB 

The predicted maximum range is csicvlat'xi for the irimonopole muiii- 
cöupter rf distribution combination as the transmit side and a« Ai-!729 
antenna system as the receive «de. The calculations for the present system 
using AS-1729 antennas are identical except that term ßt is emitted. 

The calculations begin *ifh: 

Receive System 

X at 30 MHz = 10 meters 

X at 40 MHz = 7.5 meters 

X at 50 MHz = 6.0 meters 

X at 60 MHz » 5.0 meters 

X at 70 MHz * 4.28 meters 

X at 80 MHz * 3.75 meters 

%?Tz"-1—_ '. L_I'   In T> fUti'ai Mir 



and 

201og(IO/2jr) = 4.02 

20 tog (7.5/2*) = 1.5 

20 log io.0/2») = 0.4 

20 log (5.0/2JT) = -2.0 

20 IOü ,4.28/2») = -3.32 

201og(3.75/2ir) ■ -4.48 

The receiver setiSitivicy is-91.5 dBm (20 dB quieting), or 

Vrec =  I5.6dB/jiV 

Cable loss, «r, was assumed to be 0.5 dB across the band, which is a 
very close approximation. 

Converting to dB above a microvolt (dB/jiV), 

Voc(dB//iV) = E (dB/jtV/m) + 20 log (X/2ir) 

ind converting from receiver voltage to antenna open-circuit voltage in dB, 

V_r(dB./^V) - vw (dB/MV) + 20 log-^-^£ + ar oc rec 
Tec 

where 

Hf 

Zant - 37 ohms, for a X/4 monopole 

Zre(, = 50 oluns 

ar = cable attenuation on receive side 

There fore, 

Voc (dB/'/iV) - Vrec (dB/juV) + 4.8 + <xr 

After combining and rearranging terms, 

E (dB/MV/m) - Vrec (dB/juV) + 4.8 - 20 log (X/2*r) + a. 

For any antenna other than a X/4 monopole, an additional correction 
factor, RGrec, is necessary. This correction factor is the relative gain-, RG, 
that another antenna has with respect to a X/4 monopole. If the system uses 
a mutticoupler, a term for its insertion loss. fL, must be included. So, for the 
receiving system, 

E <dB/*iV/m) " Vrec (dB/^V) + 4.8 - 20 log (X/2*) + c^ + RGrec + ßT 
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where: 

So. 

aT for 15 feet (RG - 58/U) = 0.5 dB 

ar = a{  = 0.5 dB 

Multicoupier insertion loss is zero on the receive side because no 
muiticoupler is assumed, and 2 dB on the transmit side. So, 

ßr = .0, ß{  = 2 dB s .-    '  *      , 

The antenna gains for both the trimonopole and the AS-! 729 with 
respect to a 1/4-waveiength monopole are the same. Therefore, 

RGrec = RGxmt = °d8 

All factors in the range prediction equation have now been given 
numeric?! values, and E (dB//*V/m) can be calculated. 

For 30 MHz 

E (dB/^V/m) =  15.6 dB/yV + 4.8 - 4.02 fat 30 MHz) + 0.5 dB 

+ 0 dB + 14 dB + 0 dB + 0.5 dB + 2 dB 

E (dü/AiV/m) - 33.4 (for a 0-dB radiation pattern null depth) 

+ 33.4 dB/pV/m from figure B!   = 72 statute miles 

E * 23,4 for !0-dB pattern gain for 95 statute miles 

E « 43.4 for 10-dB null depth for 55 statute miles 

53.4 for 20-dB null depth for 37 statute miles 

63.4 für 30-oD null depth for 23 statute miles 

73.4 for 4C-dB null depth for 14 statute miles 

For 40 MHz 

E (dB/MV/m) ■  15.6 JB/MV + 4.8-1.5 (at 40 MHz) + 0.5 dB 

+ 0 dB + 14 dB + 0 dB + 0.5 dB + 2 dB 
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Figure Bl, Field intensity at various distances as a function of frequency, with antennas at the earth's surface. 
Inverse distance field intensity of transmitting antenna is 186.3 /iV/m at 1 mile over seawater, with parameters 
of f = 80, a = 5 mhos/m. 

E(dB//uV/m) = 35.9 (for a 0-dB radiation pattern null depth) 
+ 35.9 dB/MV/m from figure Bl = 54 statute miles 

E = 25.9 for 10-d3 pattern gain for 70 statute miles 

E = 45.9 for 10-dB null depth for 37 statute miles 

55.9 for 20-dB null depth for 25 statute miles 

65.9 for 30-dB null depth for 15.5 statute miles 

75.9 for 40-dB null depth for 9 statute miles 

The calculations continue similarly for 50, 60, 70, and 80 MHz. 
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of Radiation Patterns at VHF/UHF, by R. Beyer, R. L. Goodbody, 
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3. ECAC-STP-88, Fleet Marine Force Multiplex (FMF MUX), by M. Kelly 
and J. Morrow, August 68. 

4. ECAC-PR-71-009, Antenna Coupling Evaluation: Equipment Utilization 
for AN/VRC-12 Family of VHF Sets, by J. L. Wibbe and T. N. 
Lesniahouski. February 1971. 
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