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SECTION I
INTRODUCTION

The objective of this portion of project VELA is the design of a prototype antenna system

for use in detecting nuclear explosions by means of a backscatter technique, Background

information provided by USAF covered the following points,

(1) As a part of a nuclear test ban control system discussed by the Conference

(3)

of Experts at Geneva, the Technical Workmg Group 1 suggested the use of
the backscatter radar technique for detectisn of nuclear explosions at high
altitude and in space.  Nuclear explosions which affect the ionosphere
cause distinguishable changes in the return of the backscattered energy
and thereby provide a means for detoction,

A backscatter detection station would he ground based at a fixed location,
It would use a pulsed high frequency transmitter with a gated receiver
which woukd look for backscatter returns from one or more hops along the
propagation path during the idle period of the RE transmittor duty cyele,
Changes in range illumination and number of hops of the R putse would
be accomplished by changing the frequency of the transmitter and receiver
Changes in azimuth would be accomplished by changing the azimuth of

the major lobe of the antenna,

Work required under the project should lead to the development and design
of a suitable antenna system for use with such a backscatter technique.
The following broad tasks were outlined,

(a) Study all antenna systems and techniques known to the art and
determine what type of antenna should be used with a backscatter
detection system. Separate antenna systems for transmitting
and receiving may he necessary and will be permissible,

(b) Construct a model or models and measure antenna characteristics,

(¢) Prepare drawings and specifications for a full scale prototype.
Drawings and specifications are not intended for production but
should be adequate for construction of a prototype by an antenna
manufacturer.

On the basis of these points, system considerations were defined, and work was begun on

formulation of antenna parameters and selection of configurations,
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SECTION 11
SYSTEM CONSIDERATIONS

2.1 General

As a starting point, the following antenna characteristics were given as desirable and
were assumed indicative of the extent of system goals,
(1) Operation from 3 to 30 megacycles with constant power and beamwidth,
(2) Ability to scan 360 degrees in azimuth in about one minute.
(3) Constant load presented to transmitter with change in frequency, azimuth,
and elevation,
(4) Side lobes reduced to the extent that possible hbackscatter returns from
unknown directions are virtually eliminated.
(5) Ability to control clevation angle of the major lobe from horizontal to
approximately 45 degrees.
(6) Transmitting antenna capable of withstanding 10 kw average power with
peak power of 0.5 megawatt.  Pulses about one millisecond long with
PRF about 5 to 20 pulses per second.

(7) Recasonable size and complexity.

Clearly, these are design goals which are not simultancously achievable within a practical

definition of "reasonable size and complexity. ™ In view of this, an attempt has been made
to better define the factors relating to the spectfic application which is the subject of this

study., The general arcas which required this further definition include:

(1) desirable horizontal and vertical beamwidths:
(2) maximum limits on horizontal and vertical beamwidths;
(3) stecrability; and

(4 overall system gain,

The desirable antenna beamwidths are determined primarily by parameters relating to the
ionosphere and to the area coverage required of the backscatter technique. Consideration

of ray paths for ionospherically propagated signals leads to several conclusions which have
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a bearing on the backscatter detection problem. Successful operation of a backscatter
detection system, and in particular the meaningful interpretation of data, requires a
detailed knowledge of the ionosphere conditions actually present on the path. Both
geometric and time (in the use of pulsed emissions) focusing of energy in a particular
region of the ionosphere May considerably enhance detection sensitivity, Conversely,
defocusing (lessening of energy density in a particular votume) may reduce the detection
sensitivity below an acceptable tevel, These focusing effects are illustrated in Figure
2-1, where it can be seen that gecometric focusing may occur both on and above the
ground. Clearly, the picture changes with frequency and with time, It is not possible
therefore, on the basis of present knowledge, to define take-off angles and vertical beam-
widths unambiguously to take advantage of focusing or to avoid defocusing loss. These
conclusions are drawn from one-way ray path considerations alone. A complete dis-
cussion of what happens in the backscatter case emploving pulsed systems is enormous-

ly complicated by time delay effects in addition to the two-way ray path geometry,

Discussion with several groups* cengaged in lonosphere backscatter rescarch, as well
as a review of published reports, has not proven especially fruitfal in regard to defining
antenna performance goals. The various groups engaged in backscatter research are
using a number of different antenna types, cach of which has some desirabte property

and in generat many undesirable propertics.

The parameters discussed in the following sections have been deduced as hopefutty
achieving a suitabte compromise between the ideal and practicatity, and in the process
providing adequate resolution and scanning rates for the backscatter detection of
lonosphere perturbations induced by nnctear detonations,

Steering a highly directive broadbang h-f antenna requires a relatively complex feed

*" Stanford Research Institute, Stanford University, National Bureau of Standards (CRPL),

and ACF, Electronics Division.
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system (as compared to a simple dipole). Designing such a system for high power
greatly complicates the mechanical design. Therefore, the receiving and transmitting
antennas were considered separately with emphasis on the receiving antenna directed
towards achieving as near an approximation to ideal as possible. The transmitting
antenna system should provide maximum directivity within the constraints imposed by
the intended application, the power level required, and practicality of switching at the

0.5 megawatt level,

The vertical angle of arrival of ionospherically propagated signals is not completely
unknown. A reasonable estimate may be made of the highest elevation angle likely to

be encountered, at a given frequency, based on standard ionosphere predictions. For
example, the minimum range of an ionospheric backscatter radar might tyvpically be
about 400 km, a value set by transmitted pulse width plus recovery time (2 milliseconds
and 0.3 ms respectively). At a 300-km height the secant @ factor (9 = angle of incidence
on the ionosphere) is approximately 1. 35 at a ground distance of 275 km corresponding to
the minimum range of 400 km, Thus, an antenna array designed for 3 Mc would operate
satisfactorily when the critical frequency is as low as 2,2 Mc if the antenna radiated
energy at angles up to 45 degrees. Energy radiated at angles greater than 45 degrees
would penetrate the ionosphere and be lost.  Of course, ionosphere perturbations may
increase the ionization in localized regions and thus permit direct backscattering or

reflection if the disturbance is of sufficient magnitude.

If the critieal frequency were on the order of 12 Mc, then the operating frequency wouid
be on the order of 16.2 Mc for optimum detection sensitivity at a ground range of 275 km,
Thus, the upper half-power point (UHPP) of the antenna would have to be at least 45 degrees

over a frequency range of about 3 to 18 Mc.

At greater ranges, say for example 1100-km ground distance, a direct look at the
ionosphere at a 300-km height would require radiation at an elevation angle of 10 degrees.
For the same range of critical frequencies discussed above, the UHPP would have to be

greater than 10 degrees over a frequency range of about 6.5 to 35 Mc.
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These deductions are summarized in Figure 2-2 where the minimum UHPP for full cover-
age is plotted against operating frequency for various typical values of ionosphere critical
frequencies. Curves are also included for a 100-km virtual height ionosphere reflection
as well as for the 300-km height previcusly discussed. While multiple hop propagation

is not ensured by matching radiation angles to the first hop, it is nevertheless true that
the first hop must propagate before any consideration can be given to the multiple hops.
Therefore, concentrating on the design for the first tonospherically propagated hop will
provide satisfactory coverage for multiple hops if all elevation angles below the optimum

are included,

1t 1s apparent from Figure 2-2 that a single elevation plane pattern will not be optimum
over the entire 3- to 30-Mc frequency range. Over the same frequency range, the varia-
tion in azimuthal beamwidth niust be kept to a minimum. An antenna system consisting
of two separate antennas, cach with about a 6-to-1 bandwidth, and scaled such that one
will cover 3 to 18 Mc and the other will cover 7 to 30 Mc, will provide complete coverage
on a woild-wide basis. A requircment for world-wide coverage, where vertical incidence
critical frequencies will vary from less than 3 Mc to more than 16 Mc, is that the upper
half-power point of the radiation paitern be at least 45 degrees. This requirement is,
however, very unrealistic at high latitudes where the critical frequency may exceed 7 or
8 Mc very infrequently, At high latitudes it would be very desirable to restrict the upper
half-power point of the high frequency antenna (7 to 30 Mc) to a maximum of about 25 degrees

in order to maximize the system sensitivity,

Thus. two systems are envisioned here. One, for use at middle and low latitudes, where
the UHPP is about 45 degrees in both the 3- to 18-Mc and 7- to 30-Mc bands, and the second
for use in high latitudes where the UMPP of the low frequency band (3 to 18 Mc) is about

45 degrees and the UHPP of the high frequency band (7 to 30 Mc) is about 25 degrees.
ldeally, this latter antenna (7 to 30 Mc) should have the UHPP decrease with increasing

frequency from about 30 degrees at 7 Mc.

As the critical frequency varies in the vicinity of the station, both diurnally and seasonally
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(and also with latitude and the solar cycle), the frequency where operation is switched
from one array to the other would vary from 7 to 18 Mc. With low critical frequencies
the change would occur near 7 Mc, and with high critical frequency the change would

occur near 18 Mc.

2.2 Receiving Antenna Parameters

It has been assumed that the transmitting and receiving antennas would be separate sys-
tems. Thus, a discussion of horizontal beamwidth is somewhat more pertinent to the

receiving antenna since that is where most of the directivity is obtained.

The normal ionosphere sets both an upper and lower limit on the horizontal beamwidth
of a backscatter antenna system. The useful lower limit is set by the angular deviations
of the transmission path from the great circle path induced by natural tilts, lateral
gradients in clectron density, and other perturbations present in the ionosphere. Such
effects will normally produce angular deviations as great as five degrees, while unusual
circumstances may produce deviations considerably in cxcess of five degrees. Thus, a
horizontal beamwidth narrower than about five degrees will in general not produce a

sigmificant improvement in bearing determination.

The upper limit of a usefut backscatter antenna system is determined by the normal
azimuthal variations in backscatter which tend to become overlapping and ambiguous if
the cffective beamwidth (combined transmitting and receiving) is greater than about 40

degrees.

The desirable vertical beamwidth of the receiving antenna system is based on entirely
different considerations. Since the backscattered cnergy from ranges just beyond the

skip distance at any given frequency arrives in a relatively narrow spread of vertical
angles, it would appear desirable to use a fan beam in the vertical plane to avoid the
necessity of sceking the proper angle. Two factors, however, suggest a narrower vertical
beamwidth. First, since the arriving encrgy from ranges corresponding to the skip dis-

tanee and somewhat beyond does arrive in a relatively narrow angular segment, it is
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desirable from a system gain standpoint to narrow the beam to include only this angular
scgment, At greater ranges beyond‘ the skip distance, this technique would tend to reduce
the upper or Pederson ray contribution to the backscatter echo and concentrate instead on
the lower ray. From a detection viewpolnt thls may be undesirable since it concentrates
on those ray paths which do not penetrate the ionosphere deeply and hence may be relative-
Iy unaffected by an ionospherie perturbation. Equally bad, when backscatter signals are
received at low elevation angles, corrcsponding to one hop ranges greater than 3000 km,
the majority of the backscatter energy may be received vla the upper ray path. The anglc
of arrival of this energy is relatlvely unstable as compared with the angle of arrival of

the lower ray, and it is therefore undesirable to use too narrow a beamwidth. The second

' factor suggesting a narrow vcrtical beamwidth is the potential reduction of susceptibility

to jamming (either intentional or unintentional). However, other means (e.g., random

frequency programming) are available to combat jamming,

Thus, except from a system gain viewpoint, a vertical fan heam appears to be most desir-
able for detection of ionospheric disturbances at all ranges and all azimuths. The maxi-
mum increase in system galn which might be realized by going to a pencil beam as
compared to a fan beam is only about 6 db, and in taking this step the data processing

load would be increased by a factor of about four.

A variation of azimuth beamwidth of not morc than three to one over any frequency range
(e.g.. 3 to 30 Mc) would appear to bc acceptable in terms of interpretability of the back-

scatter information,

The side lobe level on the recciving antenna must be reduced to the minimum possible to
prevent spurious backscatter returns from being received. A combined side lobe level
(transmitting and receiving) of not more than -25 db is acccptable, but -30 db is desirable

for 0.5 megawatt transmitting power.

2.3 Transmitting Antenna Parameters

All of the previously discussed parameters applying to the receiving antenna would also

I1-6
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apply to the transmitting antenna. However, with present techniques it is not practical to
transmit appreciable power through the phasing networks required to provide steering of
narrow beams over wide frequency ranges and full 360-degree azimuthal coverage. Con-
sequently, it is necessary to seek a compromise based almost completely on engineering

considerations alone.

Since the receiving antenna system will provide a vertical fan beam (broad in elevation but
narrow in azimuth), the transmitting antenna should also be broad in vertical coverage.

The transmitting antenna cannot be steered and consequently must be broad in azimuth as
compared with the receiving antenna system. In the limit, an omnidirectional (in azimuth)
antenna might be used; however, such an antenna is inefficient not only in operation but

also in terms of system directive gain. A much more desirable system would consist of a
resonant (and consequently, more efficient) antenna with directive gain. A number of such
antennas could be oriented in the required number of directions to obtain the full 360-degree
azimuthal coverage. Minimum horizontal beamwidth is limited by size and switching
requirements. It appeats that transmitting horizontal beamwidths on the order of 40 to

60 degrees would be suitable.
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SECTION 3
PROPOSED ANTENNA CONFIGURATIONS

3.1 General Considerations

As stated, it is desirable that the selected antenna configuration(s) possess a certain
degree of directivity and be capable of 360-degree azimuth scan in about one minute.
Because of the azimuth scan req: irement and the large physical aperture needed to
obtain some directivity at 3 Mc, it ts obvious that the antenna configuration(s) must
provide the scan capability by alternate excitation of different portions of an antenna
system with azimuthal symmetry. Another basic consideration in the selection of
antenna configurations is the frequency coverage requirements of the system, namecly,
3 to 30 Mc.

With the above requirements in mind, the following types of antenna systems were
considered:

(a) Wire-Grid Luncberg Lens(l)

(b) Arrays of Concentric Rhombic Antennas(z)

(c) Arrays of Horizontally Polarized Log-Periodic Antennas

(d) Arrays of Vertically Polarized 1 og-Periodic Antennas

(e) Circular Arrays Utilizing the Wullenweber Principle(s)' 4. ). (6), (7,

8, (9), (10)

The wire grid L uneberg lens described in reference (1) does promise the bandwidth
capability and azimuthal symmetry desired for the system. However, it appears that
constderable development (e.g., in the feed system) is required, and full-scale perform-
ance data is not avatlable. It should be noted also that the percentage variation in
azimuthal beamwidth of such an array is just equal to its (percentage) frequency band-
width,

The study reported tn reference (2) was undertaken Primarily as an attempt to improve the

space utilization and Pattern-versus-frequency characteristic of rhombic antennas. Results

I -1
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of the study indicate that it may be possible to design a "nest” of concentric rhombics
with improved performance over that obtained from separate antennas. However, it
must be pointed out that the height-above-ground requirement for a specified take-off
angle of radiation above the horizon is the same as for any other horizontally-polarized
antenna. For example, for a 10-degree take-off angle at 6 Mc, the antenna height
requirement is about 240 feet. At 3 Mc this height would have to be doubled to achieve
the same radiation characteristics,

Arrays of horizontally-polarized log-periodic antennas have heen considered; however,
as remarked above, the height requirement for low take-off angles at low frequencies
detracts considerably from the horizontally polarized type of antenna. In addition, to
achieve an elevation plane pattern with a low take-off angle and reasonable side-lobe
level requires arraying in the elevation plane at least two horizontally-polarized bays
of radiating elements. For example, if only one horizontally-polarized bay is used to
achieve a take-off angle on the order of 20 degrees, a side-lobe about 6 db below the

main beam maximum is present at approximately 65 degrees above the horizon,

A considerable amount of design information and full-scale performance data are available
on the types of antennas mentioned in (d) and (e) above. Although it is recognized that, in
general, a highly conducting screen is required for proper operation of a vertically-polar-
ized antenna operating against ground and it appears that in order to derive full benefit
from the conducting radial system it should be placed on the surface of the ground®, the

types of antennas listed in (d) and (e) above are well suited for the intended application.

The vertically-polarized log-periodic antenna is described in considerable detail in

Section 4. 1; however, a few general comments are in order at this point. For this antenna

an

From an N repor "L eis recommended that if at all possible, extended ground
cadials Beplaced on (he surface of the ground.  Because of the low gain obtainable for
brvied radials inder many conditions, 1t is recommended that consideration be given

to the use of horizontally-polarized antennas if the ground radials cannot be placed on
the surface, "
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type, maximum radiation is on the horizon for perfectly conducting earth, with the upper
half-power point at approximately 30 degrees. Height requirement for this type of antenna
is about A/4 at the lowest operating frequency, with the maximum tower height being

somewhat above this value in order to accommodate the radiator support structure,

The azimuth plane beamwidth from a single array element is about 110 degrees. Radiation
patterns are essentiatly independent of frequency, and the VSWR (with respect to the antenna
input impedance) is within 2:1 across the operating bandwidth. Various array configurations
of this antenna type are possible and have been considered for the system. They include the
following:

1) Four elemnents (or curtains) with each element covering a 90-degree
sector in azimuth,

2) Arrays of two curtains, with each two-curtain array covering about
60 degrees in azimuth and with six such arrays located about a hexagon.
3) Arrays of three curtains, each three-curtain array covering 40 degrees
in azimuth and nine such arrays located about a nonagon.
To obtain still narrower beamwidths in the azimuthal plane it is better to consider a
circular array configuration. Because of its constant characteristics over a broad fre-
quency range, it is natural to consider the log-periodic antenna as the elements of the
circular array. However, due to the physical displacement of the phase center along
the log-periodic structure as a function of frequency, a quite complicated feed system
is required to properly phase the signals from the array elements. For this reason, the
element considered for the circular arrays presented in Section 4, 2 is the broad-band

conical monopole. Performance data on this type of antenna is presented in Section 4, 2.

For the reasons mentioned in Section 2, separate transmitting and receiving antennas

are proposed for the system,

It should be mentioned that if the receiving function did not require higher directivity,

the antenna described for the transmitting function could be employed for both modes.

I - 3
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Table 3-1 summarizes the previous comments on the various antenna configurations

considered for the system,

ANTENNA TYPE

Wire-Grid Luneberg
Lens

Arrays of Concentric
Rhombics

Arrays of Horizontally
Polarized Log-Periodic
Antennas

Arrays of Vertically
Polarized Log-Periodic
Antennas

Circular Arrays
Utilizing the Wullen-
weber Principle

TABLE 3-1

ADVANTAGES

DISADVANTAGES

Azimuthal plane symmetry
and bandwidth.

Bandwidth,

Bandwidth. Full scale
performance data is
available,

Bandwidth. Height require-
ment much less than for
horizontally polarized
antenna with same radiation
characteristics. Some full
scale performance data
available,

Azimuthal plane symmetry.
Considerable full scale
performance data available.

3.2 Proposed Transmitting Antenna

Requires considerable
feed development and full-
scale performance data
not available. Variation
of azimuth beamwidth.

Height requirements for
low take-off angles.

Height requirements for
low take-off angles.

Ground screen require-
ments,

Approximately 3. 5:1 band-
width. Because of feed
mechanism design,
adequate for receiving
application only.

The type of antenna proposed for the transmission mode consists of nine arrays located

about a nonagon with each array consisting of three curtains of vertically-polarized log-

periodic antennas. Azimuth plane beamwidth is about 40 degrees. Scan in the azimuthal

I - 4




plane is achieved by switching the transmitter consecutively to the individual arrays in

the system. Figures 3-1 through 3-4 depict the transmitting antenna system.

It should be mentioned that the proposed transmitting antenna system is one which offers
the best compromise between technical requirements. Systems consisting of the arrays
of fewer log-periodic antennas previously mentioned are feasible; however, resultant
directivity in the azimuthal plane is less, and power handling requirements on the individ-

ual array elements are greater.

3.3 Proposed Receiving Antenna

The antenna selected for receive mode consists of the circular arrays of conical mono-

poles shown in Figures 3-5, 3-6 and 3-7.

The high-band array shown in Figure 3-6 is designed to provide higher directivity in the
elevation plane than that obtained with the low-band array shown in Figure 3-5, However,
due to the effect of the reflector on the elevation plane patterns when the system is
operated over a bandwidth greater than about 3.5 to 1, the low-and-middle-latitude system
(equal UHPP in both high and low bands) is somewhat better suited for high latitude instal-
lations because it provides more uniform elevation plane coverage. The low-and-middle-
latitude receiving system would consist of one array such as that shown in Figure 3-5
operating over the frequency range 3 to 10 Mc and a second array operating from about

9 to 30 Mc. This second array would be a scaled (scale factor 1/3) version of the 3 to

10 Mc system. This results in the azimuthal plane beamwidth variation being held to
about 3 to 1 because of the frequency coverage and array scale factors. As discussed in
Section 4.2, the azimuth beamwidth variation for a circular array operating over a 6-to-1
bandwidth can be held to about 3 to 1, but not without adding some complication to the feed

arrangement and introducing ripple in the main lobe.

With regard to side-lobe level (combined transmitting and receiving) it is appropriate to

mention that although at some frequencies the side-lobe level of the receiving antenna is
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only in the order of -10 db, due to the angular location of the receiving antenna side-
lobes and the directivity of the transmitting antenna, the combined transmitting and

receiving side-lobe level is on the order of -18 db.
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SECTION 4
ELECTRICAL DESIGN

4.1 Transmitting Antenna

4.1.1 Array Element

An array clement is a vertically polarized logarithmically periodic curtain as illustrated
in Figure 3-1. Each array element is a complete radiating structure*, and all elements
are identical in every respect except orientation. The operating frequency range is 3 to

30 Me, and all following data apply to the full range unless otherwise indicated.

The curtain consists of vertically suspended triangular radiating wire forms grounded at
the base of each triangle to the 2-inch diameter longeron pipe and the ground screen. A
single unbalanced feed line excites the radiating elements through capacitors at ecach

point where the feed line crosses a leg of a triangle.

Radiation Patterns and Gain. The E and H planc radiation patterns of an array eclement

are given in Figurce 4-1. The pattern is unidirectional with its maximum in the direction
of the antenna vertex and on the horizon (for the case of a perfect earth). The half-power
beamwidths are 30 degrees in elevation and 110 degrees in azimuth., This pattern is
similar to that of an end fire array of three or four vertical monopoles above ground.,
The radiation pattern is constant with frequency; however, the phase center of an array
clement moves towards the apex as frequency is increased. The phase center is normal-

ly near a quarter-wave resonant tooth.

On the basis of radiation patterns obtained from imaged scale models of the array cle-
ment, a gain of approximately 5 db relative to a quarter-wave monopole had been pre-

dicted for the log-periodic array element, The relative gain figure was confirmed by

* The design described is that of the Granger Associates Model 726-2. 5/30 Log-Periodic

Array. This is a proprietary design, certain features of which are covered by patent
applications pending. Other manufacturers offer designs which differ in some respects,

but which are sufficiently similar to the Model 726-2, 5/30 so that the conclusions and
recommendations presented here are valid in the case of the use of the competitive products,
also.
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comparing the signal output from an imaged quarter-wave monopole and an imaged model
of the log-periodlc antenna, operating at about 250 Mc. When the Model 726-2. 5/30
antenna shown in Flgure 4-2 was erected as part of the acceptance inspection require~
ments on a contract, it was deemed desirable to perform relative gain measurements

of the full scale antenna array element operating agalnst ground. The radiation character-
istics of the Model 726-2,5/30 antenna are identical to those of the array elements
comprising the transmitting antenna. The following describes the antenna installation,

instrumentation employed, and results of the measurements performed.

Figure 4-3 presents a plan view of the antenna installation employed for the relative gain
measurements. For the sake of clarity the ground screen for the log-periodic antenna is
shown separately in Figure 4-4. For reference purposes, the impedance measurements
performed on the full scale Model 726 antenna are presented in Figure 4-5, The quarter-
wave monopole was tuned to present a VSWR no greater than 1. 4:1 relative to the 50~ohm

characteristic impedance of the feed cabte.

Azimuth and elevation plane radiation patterns for the log-periodic antenna were obtalned
from a scale model of the antenna when imaged over perfect ground, are presented in
Figure 4-1. From these patterns a gain of 10. 4 db over an isotropic radiator, or

approximatety 5 db over a quarter wavelength mouopole is computed.

Figure 4-6 shows the instrumentation, circuit diagram, and signal sampling waveform
employed for the collection of data. As indicated in Figure 4-6, collection of data
consisted of periodically switching the Input to the receiver to either the monopole or
log-periodic antenna. Of course, the switch at the inputs to the dual channel recorder
and the switch at the input to the recelver were synchronlzed; however, during a data
run the inputs to the recorder were reversed periodically to cancel possible differences
in recorder channel characteristics. Selection of the signal sampling period was
affected by the desire to perform nearly simultaneous recording of the two signals and
the need to have a sufficiently long (In terms of AGC circuit time constant) "on" and

"off" times to prevent switching transients from significantly affecting the results.
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Although a large quantity of data was taken and "reduced", at best inconclusive results

were obtained, With the ground plane as originally installed, the data shown in Figures

4-7 through 4-9 were obtained. It is the contention of the investigating team that those cases
where the whip exhibited higher gain on 15 Mc were due to the presence of WWVH signals

to which the Model 726 did not respond because of its unidirectional radiation pattern and

the orientation of the log-periodic antenna relative to WWVH, Figure 4-8 illustrates the
rejection of the Model 726 to WWVH signals as measured when WWV was not transmitting,
The contention regarding WWV and WWVH is further confirmed by the enrves in Figure

4-7 which show higher whip gain on 15 Mc (WWV and WWVH) and higher Model 726 gain

on 15.5 Mc (WVSI).

To summarize, the Model 726 log-periodic antenna generally has the expected gain
relative to a quarter-wave monopole.  No meaningful results were obtained that shed
light on how antenna performance, particularly at low angles, is related to ground plane

size and configuration.

Impedance and VSWR, Impedance of an array element is 150 ohms with 2:1 VSWR or

less over the frequency band. The complex antenna impedance referred to the vertex
theorctically rotates on the Smith Chart at a rate of one revolution per log-frequency
period defined by the design ratio 7. Thus Z {f) = 2Z (). This is in accordance with
the theory that the log-periodic antenna can be approximately divided into a transmission
line zone (nearest the vertex), an active or radiating zone determined by frequency
which extends over three to four vertical teeth in this case, and an inactive remainder
portion. The antenna elements active at frequency f thus represent an exact scale
model of the active elements at frequency 7 f. Impedance plots of this and other log-
periodic antennas have shown this periodicity in an approximate manner only. Figure
4-10 is an impedance plot of a scale model of a log-periodic curtain. The scale factor
4.4 indicates a low-frequency cutoff of 1,8 Mc for the antenna curtain with a 140-foot
tower, However, a tower height of approximately 140 fcet is required to support
radiators long enough to insure radiation efficiency at 3 M, Capacitance values used

in the feed linc of the scale model are 10, 13, 17, 24, 32, 44 pf. Two cach capacitors
) .

Iv -3




b—y

were used at each tooth and a 150-pf capacitor fed the tower.

Power Handling Capacity. Each array element must be capable of handling its proportion-

ate share of the transmitter output, i.e., 167 kw peak and 3.3 kw average power. Antennas
similar to those described here, but of tower peak rating, have safely handled 10 kw

average power. The average power rating requirement is thus more than ample,

The peak power handling capability is limited by voltage breakdown. This may be divided
into two types, namely, direct arcing between metal parts and corona discharge. The
various parts of the antenna require scparate consideration. In that portion of the antenna
near its vertex, a single conductor above ground feeds the antenna proper. This short
length of transmission line has 150 ohms characteristic impedance. The maximum volt-

age during a pulse, at any point on the line, is of interest and is calculated from

E(max) = 1.4 [ 14(S-1)/ (S +l ] \] PR
where P = Peak power rating of source
R =Characteristic impedance of line

S = Voltage standing wave ratio

Here it is assumed that the source resistance of each array element is 150 ohms. For a
VSWR = 2 and P = 167, 000 watts, the maximum voltage is 9400 volts. In the evemt that
the transmitter is tuned at any one frequency for maximum power transfer, the radiated
power will be about 12 percent greater thau in the case when the transmitter is matched
to the characteristic impedance of the tine, for the condition of maximum standing wave
ratio (2:1). The peak input line voltage will then be 6 percent greater or 10, 000 volts

maximum.

The radius of the cylindrical conductors adequatc to prevert corona may be computed

from the balanced line formula for power handling capability,

P -5.212_ COSh-l _D_. t
= 2405 d watts

where  E = Breakdown gradient in volts per inch
d =Conductor diameter in inches

D = Center to center spacing of 150-ohm two-conductor line
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The balanced line formula is used because It provides a conservative estimate of the peak
power handling capability. The feed line employs a two-inch diameter pipe as ground
return which is a less severe condition than equal diameter wires with respect to voltage
breakdown, other things being equal. Thus d =0, 11-inch minimum. This is a consider-
ably smaller diameter than desirable for reasons other than the corona problem, Also,
allowance must be made for concentration of fields at junctions. Stranded 5/16-inch
diameter cable consisting of seven copper wires of 0, 097-inch diameier is more than
adequate. Spacing for 150 chms impedance above the two-inch pipe is approximately

two inches center to center, lusulation is afforded by a polyethylene sheath 3/8-inch

thick. The line is to be supported by suitable standoff insulators.

It has been calculated that the feed line capacitors will ca rry 15 amperes at 8 kilovolts

rms when they are coupling peak power. Capacitors with this rating are available,

Beyond the section of uniform 150-0hm line, the line-to-ground spacing increases and
thus tends to reduce voltage gradients. It is known, however, that voltage reaches a high
value at the tip of a thin quarter-wave monopole. In order to obtain some quantitative
idea of the severity of this problem the voltage gradient near the tip of the most active
radiator was calcutated. It was hecessary, however, to make the followi ng simplifying

assumptions:

1) A tnangular tooth is similar to two lincar mutually coupled radiators.

2) Alinear radiator may be treated here as a quarter-wave long trans-
nmission line of a certain average characteristic impedance terminated
in a resistive load.

3) The voltage at the tip is that voltage across the load which is required
to dissipate the equivalent amount of radiated power,

4) The voltage gradient at the tp is sumilar to that at the end of a conical
transmission line of the same impedance and with the same tip voltage
as above. Fringing fields are neglected here,
On the above basis it was calculated that an 8-foot long (30-Mc) quarter wave resonant

elements, made up of 0. !55-inch diameter wire in the form of a triangle that is radiating two-

thirds of the input power to an array element (approximately 100, 000 watts) would have
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a tip voltage in the order of 19, 000 volts rms and a voltage gradient of approximately
52, 000 volts per inch peak. If this calculated value is arbitrarily increased 40 percent
to allow for fringing fields one finds that this is probably sufficient to cause corona
breakdown. Therefore, the radiating wire tooth tip is given the form of a 3-inch radius
bend in place of the relatively angular bend. Comparative experimental studies of
corona breakdown were made on the rounded tip end and an angular tip with supporting
clevis and dielecrric line by immersing these in a large, uniform r-f field between two
parallel 24-inch square plates 18 inches apart, The antenna tip was connected to one
plate at its lower end, and the floating tip end midway between plates tended to concen-
trate the field. Corona breakdown and deteterious dielectric support heating were ob-
served for pointed tip shapes between 18 and 28 kv at 32 Mc. Dielectric heating was
observed in the epoxy-Fiberglass link between the rounded tip and the support clevis.
These test voltages are large enough to produce a field gradient greatly in excess of the

above calculated gradient at the tip of an actual radiator.

The following conclusions were drawn from these high voltage experiments:

1) The radiating element (wire triangle) should have a rounded tip, of
approximately 3 inches radius,

2) The clevis associated with the support member should be several
inches above the rounded tip and should have no sharp edges.

3) The dielectric link between the tip and clevis should be designed so
that the link does not concentrate the field in this region. The design
drawing for the tooth tip was based on the above consideration,

Ground Screen. The ground screen of an array element is integral with that of the sub-
=== DEneen.

array and will be more fully described under that heading. Each curtain has a 2-inch
diameter pipe or longeron close to the ground that serves as the main return path for

the antenna currents. Ground wires are electrically bonded to this pipe and to each

other, Connections to the pipe are made at each point where a radiating tooth is grounded.

4.1.2 Sub-Array

A sub-array consists of three array elements havirg the same vertex with each two
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adjacent elements forming a 40-degree angle, as shown in Figure 3-1.

Radiation Patterns and Gain. The E-pléne (vertical) pattern of a sub-array is similar to

that of an array element (30-degree beamwidth above perfect ground). The H-plane
(azimuth) pattern is unidirectional with 40 degrees beamwidth. Directive gain of the sub-
array is 15 db above an isotropic radiator. The increased directivity is due to the array
factor of three elements. Side lobes are 10 db down at the low end of the band and approxi-
mately 15 db down over most the frequency range. Radiation pattern for a sub-array is

shown in Figure 4-11.

Impedance and VSWR. The sub-array impedance is that of three 150-ohm arr.:ay elements

in parallel, or 50 ohms. All array elements are identical and therefore the VSWR of a

sub-array will be the same as that of an array element, that is 2:1 or less.

Power Division, Power division between the three arrays is accomplished in a junction box

at the apex of each sub-array. This junction box shields a three-output shunt connection
and serves to anchor the array element feed lines, Each coaxial sub-array feed line
terminates at the side of a junction box. As a corona preventive at the junction, the box -

is filled with low-dielectric loss oil.

Ground Screen. The ground screen is formed of No. 10 copper wire arrayed on the surface

to favor the principal direction of radiation as shown in Figure 3-1. The screen extends
about 2000 feet in front of a sub-array. The ground screen thus extends about six wave-
lengths forward of the phase center, at the lowest operating frequency. Antenna pattern
coverage near the horizon is thus relatively unaffected by poorly conducting earth in the
immediate vicinity of the antenna. The next section contains a discussion on ground screen

requirements for vertically-polarized antennas operating against ground.

4.1.3 Complete Array for Full Azimuth Coverage

Feed Mechanism. Each of the nine sub-arrays is fed by 3-1/8 inch pressurized rigid
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coaxial transmission line that extends radially from the array center to the apex of a
sub-array. This llne has a measured peak power rating of 2 megawatts with dry air
at one atmosphere absolute pressure, 40°C ambient temperature, and unlty VSWR,
Since peak power rating is inversely Proportional to line VSWR (under conditions of
conjugate match at transmitter), and the square of the voltage safcty factor and direct-
ly proportional to the square of relative pressure, it is readily calculated that a work-
ing VSWR of 21, a pressure of two atmospheres, and a power source rated at 0. 5 Mw
peak vield a safety factor of 2,8, A safety factor of this magnitude is not unreasonable
here, and provision should be made therefore for two atmospheres of dry nitrogen

pressurization.

The average power rating of 3-1/8 inch coaxial iine is well in excess of the system
average power requirements; hence, transmission line heating does not present a

probiem.

Attenuation at 30 Mc |s thecretically 0,055 db per 100 feet. This amounts to nearly
0.3 db for the 530-foot radial run of transmission line, Interaction by the line VSWR
of 2:1 will add 0.1 db. Oxldation might add 0.2 db, The end result is attenuation over
the band varying from 0.2 db at 3 Mc to 0.6 db at 30 Mc, Finally, 0.5 db is added for
reflection loss due to antenna VSWR. Total attenuation is 0.7to 1.1db vielding an

overall efficiency of 80 percent at 3 Mec to 73 percent at 30 Mc,

Azimuth Scan Switchlng System. The transmitted beam must scan the ful] azimuth in

one minute. Since there are nine positions, eight coaxial double-pole single-throw
switches are arranged in a tree as shown in Figure 3-2, The tree arrangement provides
equal delay from the transmitter output to all antennas and therefore allows the trans-
mitter to be peaked at any frequency without suffering detuning when the antennas are

scanned by the switching mechanlsm,
Minimum time between pulses is about 50 miiliseconds, Since the high speed 3-1/8 inch

vacuum coaxial relays presently available can be fully switched in 12 milliseconds or iess,

synchronous switching between pulses is feasibie.
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There are nine switch output positions labelled from A to I and eight coaxial SPDT switches
labelled from 1 to 8 (in the form of a tree). In addition, there 1s one input labelled IN,
In order for the Input power to emerge from any specified output (output A excepted),

at least four switches must be in the proper state, namely either left or right position
(L or R). Then in order to switch to another output, one or more swltches must change
state. Analysis has shown that the switching operations can be apportioned in time so
that no more than two switches need operate at each position change for continuous
scanning. For example, suppose the instantancous state of the tree is for an output at [,
The next position is output at A. At the beginning of next scan position period a control
pulse from unit A causes switch 1 to go into state R and switch 2 into state L. For an
output at A the state of switch 1 only need be specified. There ls now an output at posi-
tion A, and in addition there is also advance provision for outputs at B, C, D, and E,
For all positions except E and F each scan pulse causes one switch to change state and
thus changes the power flow in an active path and causes another switch to change and

thus helps to build up a path that will soon become active.

4.2 Receiving Antenna

The receiving antenna is a circular array of vertically-polarized omni-directional
radiators arrayed around a circular reflector. Only a portion of the array is used

at one time, and signals from the utilized elements are delayed to create a constant
phase plane at a given azimuth. Due to the circular symmetry of this geometry, 360-
degree scan Is achieved with azimuth patterns that are essentlally independent of the
azimuth beam position. The antenna is steered in azlmuth by connecting the requlred
group of elements through the proper delay by means of a goniometer. Two arrays

are employed to cover the 3- to 30-Mc frequency range.

4.2.1 Array Element

The array element is a conical monopole vertically-polarized omni-directional antenna.
It consists geometrically of two truncated cones mounted base to base and supported with

the axis vertical at a short distance above the ground plane. The external surfaces of
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the conés form a monopole type of antenna with some effects of a true conic contributed

by the lower cone particularly at the P;igher frequencies. The inner surface of the lower
cone and the metal supporting tower form a short section of transmission line which is
shunted across the antenna terminals. The tower forms the inner conductor of this section
of line, the inner surface of the lower cone forms the outer conductor, and the spokes

at the common plane of the two cones form the short circuit at the end of the line. This
short section of line forms a broad-band matching stub that is in shunt with the antenna

terminals and extends the low frequency range of the antenna,

Radiatior Patterns and Gain, Figures 4-12 through 4-22 are elevation plane radiation

patterns for the conical monopole. The azimuth plane patrern is essentially circular.
The elevation plane patterns are for the antenna and its image and hence are the patterns
that would be obtained for the antenna on an infinite perfcctly-conducting ground plane.
The element elevation plane patterns are of particular interest since they determine the
elevation plane pattern characteristics of the circular array, over the frequency range
fot0 3.5 fo- As can be seen from Figures 4-12 through 4-22, the elevation plane maxi-
mum is on the horizon for frequencies from fo to 3.5 fo With an upper half-power point

of approximately 30 to 45 degrees, At 4 fo the pattern maximum occurs at 45 degrees
and is down by 6 db on the horizon. Hence coverage of elevation angles below 45 degrees
Is provided over a 4:) bandwidth, Over the remainder of the band the elevation plane
maximum is 45 degrees with the upper and lower half-power points approaching 65 degrees

and 25 degrees respectively,

Figure 4-23 is a Smith Chart presentation of antenna impedance relative to 75 ohms in

terms of relative frequency. The VSWR of the antenna is a maximum of 2, 5:],

4.2,2 Low-Frequency Band Array

The low-frequency band array could cover the frequency range of 3to 18 Mc. A plan view
of the array is shown in Figure 4-24. There are a total of sixty elements in the array,
thirty of which are used at one time. The array is 2,5 wavelengths in diameter at the low-

est frequency and the array elemeunts are spaced 6 degrees apart or one-ejghth wavelength,
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Radiation atterns and Gain, Due to the presence of the reflector, the vertical plane

patterns of the array begin to differ significantly from the clevation plane patterns of

the array clement at frequencies in the jorder of 3.5 f5

The herizontal plane patterns of the circular array are similar to those obtained from
the projected tinear aperture of the circular array. in fact for a uniform amplitude
distribution, the beamwidth and first side-tobe tevel are essentialy the same as that
of the tinear array.  When an amplitude taper is used, the reduction in side-lobe fevel
and the increase in beamwidth are not as great as for the tinear array. Since the
beamwidth is a function of the lincar prajected aperture, the beamwidth wiil vary
inversely with frequency,  Henee for an array having a 6:1 bandwidth, the beamwidth

at the upper end of the frequency band wiil be one-sixth that at the jow end,

Frgures 425 through 428 are azunnth plane patterns for a one-hundredth scate model
of 24 degrees of a circular array of conical monopole radiators. A picture of this
scale model is shown in Figure 4-29, The measured beamwidth for the array and the
beamwidth computed on the basis of the lincar projected aperture are plotted in

Figure 4-30 and arce in good agreement. Clearly the expected 6:1 variation in azimuth
beamwidth that wouid be observed for the full scale array phased in the manner pre-
viously indicated 1s excessive, and the afray design must provide for a reduction in

the beamwidth varation.  Several schemies were considered for reducing this varnition,

First considered was the use of low -pass filters to decrease the number of array elements
cmployed as a function of frequency, By proper sctection of the filter ent-off frequencies,
essentially constant azimuth plane beamwidth could be obtained over the 6:1 frequency band,
Unfortunately since the number of elements is varied by a factor of approximately 6:1,

the charactenistic impedance of the array witt vary by a simitar amount,
The use of lossy transmission tine in which the line loss increases with frequency was

alse considered. The longest lengths of this tine would be used to feed the edge elements

with the tength of lossv line for each element decrcasing from clement to element to

IV - 11




zero for the center element of the array. The delay introduced by these sections of lines
would be compensated for by the proper lengths of low loss delay line. This scheme would
accompliéh the required reduction in array aperture with increasing frequency without
changing the characteristic impedance of the array. This results from the fact that as

the loss in a length of transmission line is increased, the impedance at the input end of
the line tends to the line characteristic impedance, and for a long line of high loss the
input impedance becomes independent of termrnating impedance, Unfortunately such a

scheme would lower the efficiency of the array and degrade the signal-to-noise ratio.

Reduction in the azimuth beamwidth variation was achieved by splitting the circular array
aperture into two sub-arreys. Each sub-array is phased to squint its beam a few degrees
off boresight, One sub-array has its beam squinted to the left of boresight and the other
sub-array the beam is to the right of boresight. The two sub-arrays are then combined
in phase. The resultant array pattern will have a much wider azimuth beamwidth than

if the array were fed in phase across the aperture. The amount of beam squint required
1s set by pattern considerations at 6 fo (18 Mc). A 6.db crossover at 6 fo was found to be

optimum. This results in a beam squint of 4,6 degrees,

Since the beam squint will be produced by a time delay, the squint angle will be independent
of frequency. Hence the sub-array beams will be squinted by 4. 6 degrees at fo (3 Mc).
The sub-array beamwidth at fo s 40 degrees. and the 4. 6 degrees squint will have but a

small effect on the array pattern at 3 Mc.

Figures ¢4-31 through 4-35 are computed azimuth plane patterns for the array fed in this
manner. The variation in the azimuth Plane of 3 db (half-power) beamwidth has been

reduced from 6:1 to 3:1, The main lobe now exhibits a considerable ripple at the higher
frequencies. However, since the purpose of the antenna is for detection, this causes no
difficulty, Figure 4-36 shows the variation of antenna beamwidth and directive gain with

frequency,

Since the computed Patterns presented in Figures 4-3] through 4-35 show that in some

cases considerable error would be involved by estimating di rectivity by considering only
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the half-power beamwidth of the radiation pattern, the directive gain figures presented in
Figure 4-36 were calculated by numerical integration of the radiation pattern to the region

of the first side lobe.

Impedance and VSWR. The array will have a nominal impedance of 50 ohms. Suitable

transformers are provided in the array goniometer to transform to this impedance level,
The VSWR of the array will be nominally that of the array element as confirmed by
model measurements. Figure 4-37 shows a Smith Chart presentation of the impedance
for the nine-element model of a portion of the array. The impedance has been normal-
ized to 8. 35 ohms which 1s one-ninth the element characteristic impedance, The VSWR
is less than 2, 5:1 which is identical to the measured impedance variation for the array

clement,

Ground Screen. As discussed in the third monthly report, the actual surface over which
— = EAC el

h-f antennas operate 1Is a significant factor in determining the antenna performance. For
a vertically-polarized antenna, the angle of maximum elevation plane radiation and the

radiation at low angles are influenced by the surface over which the antenna operates.

In operatlonal practice the locatlon of the antenna sites would probably be determined
by factors other than the conductivity of the soil at the site. Assuming this to be true,

then only the details of the ground wire system are avajlable as design parameters,

For detection at long ranges, low take-off angles are desirable, and a ground system
greater than five wavelengths in length is required. Flgure 4-24 presents the plan view
of the antenna, and the ground screen configuration for the antenna is also shown,
There are 960 ground radials spaced three-eighths degree apart extending out from the
reflector for 2000 feet, This provides a ground screen length of slightly over slx wave-
lengths at 3 Mc. The elevation plane maxima with thls ground configuration will be

below 20 degrees at 3 Mc,

Selection of length of ground radials has been influenced by the graphs presented in
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Figures 4-38 and 4-39. These figures show the results of moasurcmcnts“z) of the cleva-

tion plane patterns of a quarter-wave moiopole over a circular ground plane of various

diameters. Ground constants beyond the ground plane were e = 2.6 and o =4,6 millimhos

per meter. Figure 4-38 shows how the location of the clevation pattern maximuom varices .
with the diameter of the ground planc.  This is compared with the location of the maximum

when the circular ground plane is in free space,

Figure 4-39 illustrates the relative gain at fixed angles ¢ as a function of ground plane
diameter. The clevation angle to which cach of the curves applics is also shown in the
graphs. Minima occur in all cases at d/A =1 since the re-radiated signal from the edge
currents are i phase opposition to the direct signal. On the basis of these results, two
conclusions may be drawn.  First, soil conductivity bevond the ground plane has at most
a secondary offect on the elevation pattern, Second, improved low-angle performance
can be achieved by extending the ground system five wavelengths or more in the direction
of propagation.  Confirmation of these predictions was obtained by Naval flectronics
Laboratory personnel in field tcsls.(“) Comparison of signals received over long-haul
circunts where low angle radiation is important indicate that, on the average, a quarter-
wave vertical monopole antenng using 2. 54 radials will have g sensitivity some 5.5 db
above that of the same antenna with 0.25X radials. This value is appreciably higher
than that predicted by the curves of Figure 4-39 if the 0. 25 points are extrapolated
directly. It thus appears lkely that the signal rensity at ¢ maximum is itself

significantly increased by lengthening the ground radials.

With regard to the offects of bivying the ground wires, two recommendations from an

(i

NEL report should suffice.  “Based on results of the recent model measurements

it appears that burial of extended ground radials 1s not advisable under most conditions. , , ",

"It 1s recommended that if at al possible, extended ground radials be placed on the

surface of the ground,

Azimuth Scan Mechanism and Time Delay Network. Azimuth scan of the circular array

is accomplished by a capacitive goniometer. Its function is to provide the required

1V - 14




J

phase and amplitude distribution on the circular array to form the antenna beam in the
desired direction. Figure 4-40 shows a schematic diagram of the goniometer, Its
theory of operation can be understood if it is considered from a transmitting viewpoint,
Since the input signal must be divided among thirty 950-ohm delay lines, the 50-ohm
input impedance must be transformed to 31,7 ohms, the impedance of the thirty delay
tines in parattel. The wput power is divided equally among the thirty delay lines.

The delay hmes and iput transformer are contained in the goniometer rotor assembly,
The input transformer is connected to the input terminal through a coaxial rotary joint,
The output of cach delay tine is capacitively coupled out of the rotor assembly,  The
gonionteter coupling capacity is incorporated as a component of a broad-band impedance
transformer.  The 950-ohm impedance of the RO65-A/U delay line is transformed to

the 75-ohm impedance of the hatf-inch Foamflex cable that connects the goniometer to
the arrav clements.  Fach of thirty delay cables is connected to a rotor plate, Each

of the stator plates is connected to an a rray clement through a transformer. At a

given position of the gontometer rotor, thirty of the array etements are fed with the
broper phases to provide a beam in a dircetion normal to the diameter through the edge
clements that are being fed. Rotatton of the goniometer rotor steers the array maximum

through 360 degrees,

By designing the rotor plates to be smatter than the stator plates, more continuity in
antenna performance 18 obtained as the rotor scans.  In addition, by incorporating this

design the coupling from two array ctements to a single rotor plate is niinimized.

‘The required delay line length for each of the sixt velements s
L=chs(l¢' -4,6°)
where
L =delay line tength
R = radius of clreular array (reflector radius)
¢ = angular position of array element measured
from center of semi-circle
The tengths computed using the above provide for squinting the beam 4, 6 degrees for each

sub-array,
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Antenna Efficiency. Components introducing significant loss into the system are the

Feamflex cables used to connect the array clements to the goniometer and the delay
cables contained in the goniometer. The Foamflex cables would introduce a loss of
0.57 db at 3 Me increasing to 1. 44 db at 18 Mc. The delay cable loss would vary from

0.64 db to 1,92 db over the frequency range,

Figure 4-41 shows feed system losses as g function of frequency,

4. 2.3 lhgh Frequency Band Array

The tugh frequency band array could cover the frequency range of 7 to 30 Mc. A plan
view of the arrav is shown 1 Figure 4-42. general it is similar to the low band

array and only the differences will be discussed,

Radhation Patterns and Gain. The high band array s designed to provide increased

vertceal plane directivity since it 1s the lower clevation angles that are of importance

at these frequencies,  Two conicyl monopoles are arrayed vertically in the manner

shown in Figure 4-43. This provides an elevation pattern with a half-power beamwidth

of 33 degrees at 7 \Me decreasing to 10 degrees at 30 Me. Figure 4-44 shows the variation

of elevation and azimuth planc beamwidth with frequency.,

Impedance and VSWR. Since the array element is a balanced antenna for the high-band

array, a broadband balun 1s used to feed the antenna and transform its input impedance

from 150 ohms to 75 ohms,

Ground Screen. The ground screen will in general, be similar to that employed with the
=t Veisch

low band array exeept for the length of ground radials. Due to the importance of low
angle coverage at these frequencies the ground radial length has been increased to ten

wavelengths,

Azimuth Scan Mechamsm and Time Delay Network, Other than different delay line

lengths and component values, the goniometer is identical to that of the low band array.

IV - 16
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Antenna Efficiency. Figure 4-45 shows cfficiency versus frequency for the high band

array feed system,

Synchronization with Low Frequency Band Array. Both the low and high band array

goniometers will be controtled by servo systems that slave each goniometer to the
display drtve motor. Figure 4-46 is a block diagram of the rotation controt system,
The motor driving the display is controlied ¢clectrically at the display console to pro-

vide CW or CCW rotation. Manual control can he included,

Electrical direction information is obtained from a synchro geared to the display
and is transmitted to synchros at the low band and high band goniometers. The
synchro at the goniometer provides an error signal input to the servo amplifigr
which drives the servo motors. Both goniometers are thus tocked in rotation with

the display,
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SECTION 5
MECHANICAL DESIGN

——

5.1 General Considerations

This section outlines the considerations invoived in the mechanical design of the
previously described antenna systems. The recommendations on types of materials
to use in the construction of the antennas are hased on experience in the design and

fabrication of similar types of radiating systems,

5.1.1 Assumed Environmental Conditions

Wind and ice Loads. Transmitting and Receiving Antennas: 1/2-inch radial ice

witlt 125 mph winds, simultancously.

Corrosive Environment Cousiderations.  Both transmitting and receiving arrays are

designed to be more than adequately corrosion resistant under normal environmental
condrtions, The transmitting vertical curtain antenna components include such
corrosion-resistant materials as: Fiberglass catenaries; 6061-T6 atuminum alfoy
catenary and drop fittings; calsun bronze wire radiating clements; galvanized longeron

pipe: and corrosion-resistant hardware,

The recerving conical monopole antennas are fabricated of such corrosion-resistant
components as: 6061-T6 aluminum alloy radial spokes; calsun bronze wire radiating
clements; a copper ring at the bottom end of the radiators; and corrosion-resistant
hardware, The reflector material, along with its support catenaries is calsun bronze

wire,

Both the transmitting and receiving array ground screens are of No. 10 solid copper
wire, and all support towers in each array are constructed of hot-dip galvanizcd

steel. Under extremely corvosive conditions, aluminum towers shouid be provided,

-




5.1.2 Material Selection and Miscellancous Mechanical Considerations

Electrical Requirements, Transnutting Antenna. The seven-strand No. 15 calsun bronze

radiating elements, the 3-1/8 inch coaxial transmission line, and the No. 2 insulated
stranded feed ime were all chosen in order to sausfy the eiectrical requirements of

conductivity and peak and average power handiing capabilrty,

Electrical Requirements, Receiving Antenna.  The seven-strand No. 15 calsun bronze

vertical and pertpheral radiating clements, along with the copper peripheral rings, were

chosen for their conductive capabilities and corrosion resistance,

Mechanical Requirements Gereral, Materials for both the transmitting and receiving

array systenis were chosen and sized in order to provide a good, positive ma rgin of safety,
stress-wise and to afford more than adequate structural integrity of the antenna systems

under the assumed cnvironmental loads and corrosive conditions,

Mechanical Requirements, Transmitting Antenna, Fiberglass was selected for the catenary

and drop materials since it exhibits a mmimum of creep under load. a high ultimate
tensile strength (140, 000 psi), and good dietectric properties.  Aluminum alloy (6061-T6)
tatenary and drop fittings provide a 35. 000 psi tensite vield capability. The longeron
Ppe. used as an accurate method of locating and altaching the radiators and ground
screen centerline poims, s galvanized and periodically supported on concrete piers,
Coaxial transnussion hnes to cach three-curtam antenng array power divider include a
50-foot toop to absorh fincar thermal expansion of the line under normal operating condi-
tions, as advised by the Prodehin Corporation, the coaxial manufacturers, Prcssurizing
cqupment tor the line can be contained in the building at the center of the array circle, as

is the scanning switch and its operating equipment,

Mechanical Requirements, Receiving Antenna. Radial spokes at the middie and one end

of each conical monopole are of 6061-T6 aluminum Pipe and provide a good margin of
safety under the assumed loadings. Wooden poles were considered in place of the steel

antenna support towers: however, excessive weight and cost of the poles rendered them




impractical. Vertical reflector wires and their supportlng catenaries are of seven-strand
No. 15 calsun bronze wire, Reflectors are tensioned from ground level by means of a

turnbuckle mounted on each reflector support pole.

5.1.3 Methods Employed in Structural Analysis

Detaited catcutations show ample margins of safety on the ta rger components of the antennas,
such as catenaries, towers, spokes, ete. . and the detarled structural items, such as

tower joints, have been designed to be compatible with the rest of the structure.

Transmitung Antenna. The vertical load transmitted to the supnorting tower for cach

curtain was found by determining the vertical component of the load (at the tower) induced
1 the catenary as a result of 1/2-inch radial ice on alt effective etements, vectorially
combined with the “toggle effect” of a 125-mph wind apptied horizontally against the

tced radiators, A 3,87 margin of safety was calcutated based on the cotumn allowable

strength of the tower. The catenary would be subject to a maximum load of 4790 pounds,

Receiving Antenna.  The supporting conical monopote tower for the 3- to 18-Mc conical

monopolte antenna was analyzed using the "three moment” equation to determine the
miximum positive noment 1n the bottom. nrost critical span. This moment, combined
with the etfect of the guy cables, and tower and ice weights. was then implemented to
determine the compressive and flexural toads on the tower, The capability of the radial
spokes was determined from their “column altowables", as dictated by their "length to
radius of gyration” ratios, The 7- to 30-Mc conical monopoles were assumed to with-
stand the loading conditions with a good margin of safety by comparison with the 3- to 18-
Mc conical monopole antennas, A 1,52 margin of safety was calculated based on the

column allowabte strength of the tower,

5.2 Transmitting and Receiving Antennas

Load calculations have been performed and adequate and detaited Instructions for antenna

installation and erection can be provided.
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5.3 Results of Structural Tests

The Fiberglass catenary (transmitting antenna) 1/4-inch in diameter has heen tested
and found to have an ultimate tensile strength of 7000 pounds; the clevis fittings were

tested in conjunction with the catenary and were structurally compatible.

The monopole radiator assemblies with the terminal end tittings have been tested in
tenston and found to show a positive margin of salety under the given loading condi-

tions




DN N MY SN WSS M R GRS mesed e

(

(3)

(H

(6)
(M
(8)

("

(i
(1D

(12)

SECTION 6
REFERENCES

Final Report, Part I, "investigation of Methods of Scanning the Beam of Large
Antennas”, March, 1961, Contract AF 19(604)-2240, issued by Stanford Research
Institute,

Technical Report 67 A Study of Possibitities for Improving Space Utilization and
Performance of Rhombic Antennas”, By Angel Martin-Coloto, July, 1959, Con-
tract A 19(604)-3458, issucd by Stanford Research Institute.

R. C. Benoit, Jr. and W, M. Furlow, Jr., "Wullenweber Type UHF Radio Direction
Finder”, IRI National Convention Record, 1955, Part 5, pp. 109, 114.

“Interim Engineering Report No, 3 Wullenweber Type Antenna Array™,

“Interim Engincering Report No. 4 Wullenweber Type Antenna Array”,

“Interim Engineering Report No, 5 Wullenweber Type Antenna Array’™,

“Interim Engineering Report No. 6 Wullenweber Type Antenna Arrav'.

“Interim Engincering Report No. 8§ Wullenweber Type Antenna Array”,

Final Engincering Report “lligh Frequency Steerable Antenna 3. 8 Mc to 14. 4 Mc™,
June, 1955, Contract AF 33(038)-23700, issued by Andrew Alford Consulting
Engincer,

Fmal Engineering Report “tigh Frequency Steerable Antenna 8.8 Mc",

Private Communications,

From a private commmication with Dr. Tetsu Morita, Stanford Research Institute,

VI - 1




SECTION 7
IDENTIFICATION OF GRANGER ASSOCIATES TECHNICAL PERSONNEL

The following individuals from the engineering staff of Granger Associates contributed to

;....4_..4;._4‘—-.-—1‘—”_”

b leammd

<

the project,

Mr.
Mr.

William A, Alfano
Ross 1, BeH

. Raymond D. Egan
. John V. N, Granger
. Wittiam G. Hoover

. Raymond Justice

Charles A, Lucero

. Chartes E, Phitlips

Bernard M. Schiffman

VII - 1




WVEOVIQ HLIVd AVY 1-2 'Oid

(wx .01) X

SMoi CHNOED

!IIII

P e

S\

QILYAIII

L A
\ I _... z ...”..
/ _____ / \ { \
/ [ ’ .__ = Y
L9 ! ! ] - by B ( W
._ 1 .-_ i 1 1 |
o I \ \ . .
\ .. ___ § ] { \ | h...
R / \ \
\ . . __,_ !
: t 4 SMIc4
) /
g
\, ) /
™,

4 qol

-+ Qo

(wx) &

+4 00€

~ Ll ooy

Liv®o co9/~

F

l



1]

e T e

]
(|
REE
LB
-‘I

by |
i
- ]
IJ
h
T+ 1
T

1

-l
R
b |

R
I

5 LI
L
o
b |
i
]
|

B B o T e SIS S T

W7
L
i
|

i e SN
et -l PR S

BRE

T
.ll‘ i"

TR

TP TG o Ve T
“

. Ses ....ﬁ.p.._q..unu.uw.w <ALt e
sadizees pacumnomn: | i B 0 R i i

(|
[
L]
8 o |
L |
.
bk |
[
i
i
1
14

h
R
! ¢ Vi

L
b |
\Y.

ey
ty

4 Al EL t = aaped
e _ v ] S M N R e e
i - A IS 5 1348 57K £ ESEB A Wmw

 BEEES BEER BEE
T
.N
i

i
s
1
|
|
8
AT

¥ § o
4
[

R e

|
—
=
|
i
i
5
i
¥ T
= A L
i

—y |
BE]

—t e b !

L

—|—-!—-d-
1
Al
I—tl."r.o/:;”_"' -
b
A
&t

4
SE T SIS B
&
il .
{4 ".'-_ ...Ll. 11 -
T T
-,
]
||'_
|
|
T

I

e = 3 S
i . 1 g |
g8 5 e S SO et NHEERE
fESSSESEE s e emmn Ay
i =S 0 ol TEREAS £ ey ) b __.,_ HEEL A
REn S e e e e N
T
e 7 ] s s L ] SHE atenses Meetamu b o o o o
o 5 S o e (et bwai pmmas Bt Prvemae e i e
: ! 110 X0 pa s #I eTeses fosessamas U NS MU oL
4 J 1 T ] T3 11

S

s
4

<



i h
Lty
5
I
!
i (S
. {3
b
| e eee 1l t 'F“-
A & 4 0'(REF
\
APLL 8 ARRAY
. vl s FoaLk Dobie
NMUICONE. HuBaLa
, POTTNG CoMPOUM Tye
[ e iy

# a4
. el :
ooy
L A
.
T «L
yie V2
]
A
-
\ I
LTS © MOUNT.NG .
(4 =

LONGLRON MPE (REF) |

e
N

A ] 3] ] I 8

| - )y <

y/

[~ LCNGERON PIPC

=
l"

PUCATING SmaliR

!
=

o -

LERAT ARALITOR

ML AT FLER Likg

el EaN e py

R LN Y

RADIATOR

LUMP CAPACITOR (Her)

INSuLATED FLEL LNk

GROUND WiRE




i . 6 L

ORGERON PPl

‘ 7 WUGHT ADIUSTING bR

f# 8 - -
e ek

]
o

\ _ FoLOTRIZAL Cieut Ling (REF)

2w
1
[

R

Vst as) 1ee

-
N g
Feiecy
~
- capu
—
A

. 1 L4l
[ [ NALTE PR
.
l /
l. |
| l
|
. |
T
INSULATING SPaCLQ
Savatouw
SILICONE. RUBBEA
POTTING COMPOU - Tve
i LUMP CAPACITOR
-
INSULATED PRED LiNE
] - a
v u UNGLEON PIPC Rty
i —ll -
: = %
f d=— Dovimb
- S—
3
w G5
vicw G2 1 5
ERTENY 143
— RABIATOR :
- - '
| .
A P 1
| T LUMP CAPACITOR (Ker) ’
\ Njvs,
| So
> MOUNTING ot - - T
KCT INGULATED FEED (INe

f
ON MPE. (REF) - =— UROUND WIRE

ENTRA

4
Y A\'A\
ANTUNNG CURTAIN “vR of MLACLS
G CABLL LOCATION A% Suowm 1y YYe,
® FLACLYS oy

e e




Sor L)

i CLCCTRICAL WUKGUT LING (REF)
£

Srarasiexs) fae

N rmEecLas cATCmARY

T'BLRILas DROP

Caiaton

FULD LING (RLF)

s
=
-4
23] égs’ z
ANTUNNA CURTAIR TVD o7 1 ACLS
CUY CABLE LOCATION A% SULOWN 18 TP, -
» PLACES oMLy

Cy

-1

>
& \
 E—— O L e
A'( — 2 PEE LhLLRON
Al — -y D —
~\j‘\\
4 A
[ RPN |
e D N
1
1K ) NS
»
boy

Lconeeetan
Jmpce

fas
r‘: !: IJ"
boy

TYELADATN W MUAD WRL - 0L BN ATTALLWANY

Wy (VEg)

X G
NTE IR

CROUND WIRT

Fobu TLRWNAL £ liQU

4

ATTACUMENY
~ADIATOR

—
| —

b4 -4

L'"{

\

¥

L

CRANAD TN AERANGL -
MENT - TR 0

4




7 CROUND WIRC

FARY o, . .
» . . ot
-\\ 2T Pl Wi § :
Ay

N, i .
& B2 LR TORFUTURD ATTACHMLNT
\ Py 1 -ADNATOR
>

)
d] o etanineen
b "\_ LFLas TeRNiNAL- 2 Cign F R 4
SaTAP -2R0QD ’ i
&= e EEEH Sy i
np™ =
TADITIL: LEOUND WIRE - LONGERON ATTACLUENT K
) S RO PP T T
i . 3
s 1‘." h
i
. Vo )
k. T %
4
\ b et 0 scnrtd
R PTG B ARG A s mrTL®
[ b P R T R
5 9 I
| a W
t ) WY A
3 - \‘ . [ PR, i
L - . —_—
'I i N - - I
i \ / =
LORD RN AREARGL 4 1 if LT R
NLNT - ep 360" i [ b
1 ) g -
i ' “f
L ' |
1 - .
b - i .
1 L -
L w il
| o . I
N

. I ’ — ; e = \\“- |
-'I ._.I— . et | el i Ik --:h't

N

| \\l/'

] Wit

BN By WaTeut (RLT)
tom

=2k
L S0 TEBL surTRETL




I PLacks

ALY
ACES CHLY

)

BUR DYNG TO wQu €
ANTLNNA NaARNMNG 3WiTCL ‘
AUYILIMY L Que
iz Quiry

40TV e)

il

207y (1v9)

PLAN vty

N

CAVIAL TUANSMOMON Ling ()\')

TN DALY Saan Y NY LIS} N\
8L noTe R
.
¥ . \-
S arerer S\
e
.'/
'
’
i
~——

40 (TYR)

Loioav 0 Bt suppoRTLD APUROMMATLLY LvERY 10pp

———
F1G 3-1
fur i, A "o
| o oo | AODEMBLY,
e azlede :
e ) ¢ 2ot AMIG ANTENNA ABRAY
CREEES
., nong

13

“ geeera




Et X
e .,. @1 {
R 4
wlok. 8o*

.,
=

i
i"h.—.‘l

a~00
A=C0ax




iH

o

LLECTRICAL SUILMATIC

8 =00" COANAL SWIVEL LLBOW
[\=COAXIAL RELAY -~T7 JOINT

I RAVIBIONE

| TR SRaCarTION

| enre T am.

NONE

DI3N3
FI1G. 3-2
I R O e T R T B
el ™
| el |Thor|  ASEMBLY, SCANNING
23 S Y B SNTCH

sresavan | savs 'y PALO ALTO

— LIMITS ON DIMENSIONS — KXCEPT AS Nﬁm CAtIEORMA

Sen e e o N l




TR . e

CONTROL PULSE

SHAPING
NINE-
POSITION
SCAN
PULSES
FROM
S POSITION

SCAN COMMUTATOR

INPUT COAXIAL
SELECTOR SWITCHES COAXIAL
(MAIN INPUT, - CONTROL SWITCHES
MANUAL OR TEST) oY (s)

10 MS
OPERATE. TIME

OPEN RELAY
INTERLOCK

TO TRANSMITTER




OPERATE TIME

1

- -1~

NPUT COAXIAL
SELECTOR SWITCHES
(MAIN INPUT, ~ ConTROL.
MANUAL OR TEST) uNLY
IN
UY R ———
e ﬁ 1 -
L —
— 4 ——
_E—‘ pe) 4 -
.__L_- i o
(=]
e o ]
—L—L_°§ | o]
e { ol
—L-—i jb e -
R ] F
—L—.- 5 F: - -
t__ A
g e
B
| |-
B | S
—L.- 7 b o— p——
_R
o 1 N —
IR

TO TRANSMITTER

[
<=2

REVISIONS

| sars [ ase.

—OUTPUT TO ANTENNA
aﬁﬁ"/ FEEDERS

3§ COAXIAL LINE

NONE o0

SKC 6675

SPDT COAXIAL o
SWITCH
. [}
. . A
u L 5 L.F N 3 Ja
L L . & c:..
5l sl g v
a"F 2 1 =0
o L.P = |
= oA
UE - FI}' qg- [;
COAXIAL SWITCH
TREE SCHEMATIC
SKC 6675 |
OPE}. RE LAY
INTERLOCK
| —
|
FIG 3-3
S
l - PART N(:' PART NAME I STOCK 2/18 MATERIAL OROCRIFTION "rec. ] e
oA 2ol T TENNA SCANNING
e -
o 1o s ROGRAMMER.
ke et Mied = 0 (TRANSMIT rAL ALTO




¥

-.1

201y (QLF)

f‘

i DRY MITROGEN CYLINDERS (12 cu ¢r)
b 30EQ'D, |REDERQVE

[
4
| i = _—r
| A} -
| if-'+ BLATFORM =
WAL e — [| gl e leLF) __I |
i PORT o g
s b
=
b | |
! {
-
|
R
|
| e
(f - =
i| { e
:.. .'I. ) ] —y
| S frie="
‘ . I
e / | ]
It |
|| S
I
T |
N -
k-
I

— layr (RLF)

SLLELTROME CONTROL CIRCUIT
FOR VACUUM COAXIAL RELANYS

SCANNING SWITCH
ARRANGEMENT

911 b (VEF)

[ T T T e —"——"




-LLLCTROMC CONTROL CIRCULY
TOR VACULM COANIAL RELAYS

SCANNING SWITCH
ARRANGEMENT

9F1 bia (B[Fﬂ)

REVISIONS

[ I Seecevion

1 u}iw.

FIG. 3-4

DI3772

l T R
i2hslel | "
462 BUILDING,

£13771

BMe |2-a2

2CANNING SWITCH

LIMITS ON DIMENSIONS - EXCEPT A8 NOTSO

PALO ALTO
CALPORNIA

scaie

NOMNE

oECIuaL TNACTION awauLan
Vive

ooa

>

pI3TIE |




PR

A

RICO-PHE RS HILEVE
L0 REAB

BOUGLAS FiR POLL - 2O WA ¥ 100'LG
TYF W MLACLS
1 CALAUN
L} \IF'WJNI( REPLECTOR 40 NEQ'S.
L1 |

e Py f i

— -
{
-

RLFLLLTON SUPPORT
CATANARY CABLEL &ML Y O MQd

:
! 4 LR AT
| 5
‘ . X ew e toanAte L -
PG .

' 440 Bay
| ATLR LLAR OF GP
| { .

' [N
I oo
i

.
- nr
NICO PRELS Ml LrL T V‘VE\Q reates
480 v gD

o o Te e fdey
ap e d TS ey e eiepepepeyeie(Qeleme ooy

TUE ANCMOR ARHANIEME N*
T O LACES

i o (%
T L -
. I ¥ . { . ';'..i ' ¥ THIS ANCHCR ARRANLEMLNT
13 Tve 35 PLaCES
P
|
| 1
{ r
\
¥
|
| |
| |
|
| | I el d bbb L
. -
"
%

G-
aecronNe"Ro
SEEL DINISS FDR TYP BASE § ANCHOR INSTALLATION

7 6




6

(2]

4

BOUSLAS FIR POLE - 2O"MA 1 106LG
Tik 6D FLACS

UPPORT
L ABLY . 6D QD

U

LT NERS

ereead

o
)
d B
S

Qe vy
|

1S TYP 30 PLACES

.
THIS AUCHER ARRANLEMINT

e et

a0 e
BETFLLETDR Pk
b,
W
"Hr-f

B
B

A A

6

(&)

4




4

A20' Dia, -
TOR POLLS

B

&
A

S—

»L A
CONICAL PAPQPOLE 8 T LAY

)
», i
§ ']

|

] ]
._..t«. o=

i |
i | I;
&
|

r""——'-"—-] :

>

?‘ }

|
|

34 2} e

3 M Lot AL

;
MAMOIROLL 00 REQD

4

L]

'
ok

' i

O, V\ N

VORTION OF HEP LLCTORGL wnOWh CNLY

(il 2o

ol




NTENMAD,

. Lbeg i
N
|_|
1
hEh
¢ %
i 1 sa a) o
1k
3 R M CONTAL
4 MWD POLL 6,0 HF QD
P
] ,-
\ 3
I ;
1 W
»
W
i L4
1 i
b 29 1 \ ’9

e A e

INRTION OF HEPLELCTORG WwHOWSH ONLY

sl .
IR IIN ‘|°|AI
T ARRLICATION b

Pabs NuMbEd

A

Fi1G 3-5

| -
i 3

} oascasriiila I--lH.-.-ll-n-u-H'.I-
L

Vi

X1
ATMINGD SUBTACHY n
ICH'_Y AS NOTED |

nie
RECEIVING ANTENNA

ARRAY ASSEMB Y
2-1BMc

A BIFD, £ CA
Fhamrun Aumall |08

o

Scau soafelicht
!




-

[r—

NMCO-PFRESS ALERVE
AOO AEQ'D  — =

bOUGLAL FiR POLE +20°s 180'LG

TYP a0 FLACEA
~ CAL BUN
aRoNz L PELECTOR 400 REQ'D.

- . .
. AEFLELTON nurYORT
FATERARY CABLE ARR'Y o0 0L 'n
|2
Lt
—
AR XIR S8 TP IWINYS
e LQL
i
{ .
. Pl
L= L § S ot NEN

R R XS )
“eo meQ
- . 3o T8y,
TR W ora g

.

o pee
bt e BRE L RRL LA R iee @0 @ e

A i it L I TSP —— Y g

THE AN MR AR M AL (LA T
Lo BLAces

L
5
SEET s ‘f"ft

SEL DIATSO FOR Tye BASE ¢ ANCHOA INSTALLATION

’ - 3
- TRS ARCMOD ABRANGE WE L~
h A e e

7 G




JFPORT
ALY o0 fLSe

LLIPLNY 3

ree T e

P

BOUSLAL FIR POLE -207 8 100 LS
TYP 60 FLACLS

RERCR g

THS ANCHAL ARk ANGE 0l 4T
TR wriacey

6

1&)

4

T WM ConlAaL

MONO PO

LEL w0 REQD

ON 193 MADUY —

(&)

ey, p'l »] i
= . " .
: B-
=
.
N
N
‘e
fe s,
o
i\
kY
:(
., .
.
.
-~

mErigcTen e

NN mangn
- wron
e e




e RUFLE S TOR poLg
NS Raniiie
o Rran
3
- >l
15
%
!
i
}
|
|
1
1
|
|
.
2 |
)
|

;

L A A S T LT R

Ty ady LU T
MMEEILE s MG

e A= i‘-_.; :

FOETinE (0 MET

LECTIHAS LrDwey Sy

i'—-'--—-----—-_-...r

N\




W
|
| | |
i
L1
H
{ |
|
4% A
Tea ¥
|
|
Al
b
| ™

3
=
z |l
-

1 -
a
i i
b 2 I .
M\:&iu

PORTION OF REFLECTORS SHOWN ONLY

" NaaaAp
HAEME L

wy

ooy
LEal LAy

[ d
assimane
Arvcation

FlG

.
oICaIPTION

AT TIAL AND MYCH ICATION

3-6

-

o MACHINID Sullacts
_\ EXCEPT AS NOTED

N
it

DL T

Ll

]

T
RECENING ANTENNA
ARRAY ASSEMABLY
7-30Me

A

PALO ALTO, C. NIA
CIAWING NumMSsE [alY

R~ 13923

i or

hY

SCALE MONE | WEIGHT




i

g

e P

S

£34 ma. (REF)

COAX ROT, JOINT -—
SAGL 308
SUMMING JUNC. -

BOX

TYPL *N" CONNLCTORS -
TYP 30 PLACKS -iZ°APART

TYPL N CONNEC TORS —
TYP. 30 PLACKS - 1" APART
CONNECTED TO ROTOR PLATLS

b Y
‘\ ,"'( N

STATOR /ROTOR CIRCLE (REF)
9 ma HOM

/
LTYPC “N” CONNEC TOR
TYP, 60 PLACES-6'APART

%, %~ STATOR PLATE-TYP. 0

=

i
i SUMMING JUNCTION
| f CONNECYOR (BKF)
."'.;l
%
\ O
G 65 DELAY CABLL-TYP
90 REQ'D. OF WARYING LENCTHS

TOP COVER LEFT OUT FOR CLARITY INSIDE THIS AREA

J‘\

ROTOR PLATE-TYR 30
PLACES - 12° APART -
IMBEDDED IN DILLECTRIC

PLACELS- 6 APART
\ IMBEDDLD IN DIRLECTRIC

~FERRITE CORES-2 REQ'D,
TYP. 60 PLACES- 6" APART

P b A



SUMMING JUNCTION
/ COMNECTOR (RCP)
Y CABLE- TYP

WARYING LENGCTHS

!

FT OUT FOR CLARITY INGIDE THIS AREA

24" (REF) —

'_i: 11
.

VIEW ‘\"\‘

20TATED 90°

1 agvisions
[ oo | SABCRPTION sats .
~ 3 3TATOR PLATES SHOWN,ONLY
NOT LOCATLD TO SCALE
—— DELAY CABLE (REF)
SKD 6805
F1G. 3-7
| I O O T T T AT N
cal lefisfea )™
P il ASSEMBLY, GONIOMETER,
- o PALO ALTO
el LIMITE ON DIMXNBIONS — EXCEPT AS NOTED CALFORMA
NoNe |z = 1™ loxp 6805

s ot e i GRE 4




T P e o G DR Duaw

FIG. 4 -|

//0;(/20”

ELEVATION AND AZIMUTH PLANE PATTERNS
OF TRANSMITTING ANTENNA ARRAY ELEMENT

" '&‘nw& ‘




b hd_hd &k

[

FIG. 4-2
G/A MODEI 726-2,5/30 LOG-PERIODIC ANTENNA




= - s .

R |

\

) 0o

8 Radiais each
130 ft long

4

/
# _— A/4 Monopole Antenna
/o / po

—

. 200 ft of RG-17/U
Coaxial Cable

y

I

Instrumentation
Van

i
A

Direction of

[T Maximum Radiation

300 ft of RG-17/U
Coaxial Cable

from Log Perlodic
Antenna at 54°

Model 726-2.5/30
" Log Periodic

Antenna

Ground Plane

Shown in Fig.

A Tower

FIG. 4-3 - Plan View of Antenna Installation for Relative Gain Measurements




BUUNUY 0£/S °T-9ZL 19PON 2 10§ U33X3g puno1n - y- *Olg




4
I
I
[

NAME TITLE DWG. NO.
DATE
WITH CHARY fOAM 8283PR (2-49)] WAY ELECTAIC COMPANY, PINL RROOK, NJ._ G)it40 _PAINTED WUSA
IMPEDANCE COORDINATES ZO = 50 ohms

g Provech w97, WO B R30S, D08 B, JAE IREd

Antenna
RADIALLY SCALTD PARAMETERS
2 : a ¥ o= L3 . “ 5 H i
e s e e e S N TR RN SR
" ek Rgae s % b & o a £ 8 =4[

o

"o

I'.LHITER

e

(through transformer)

mpedance for Model 726-2.5/30

i
e dpg g ok & 8 .
4 v AR B e ]
- L] = o o B “S;I

A MEGA-CHART

-

FEEEEERE]

4"‘“""“%




Iouanbog uoRd3Io) |meq Jo wxojaaepy PUB SJUSWAINSEIN BTSN IARE[IY I0) POS[ wopwuawInNsu] 9- *OL.g

: ITWSUOD W] INOILD DOV
sonsuxmdeIVYD [AUTRYS WY SIOUII3Tp U I7Ne318 swn 2ay Aiwwxoxdde swn a0 *x

aqissod [9oue> M suswaznsEIW Sq mp
Afreoworrad poyxmims I3p1033y @ Inday ¥ =-_—
‘I3A1339Y Jo Induy Yy cyuy I0IRISUDN)
. TeuBIS 909 d-H IM pRRIQI[ES WasAg ‘4N 41 d W
| ‘7S | 258 ‘

I A &

2Q "AQL
5 .n. Jwsrug
A0S T - nos
041 001 a4l o0l
-
L]
I
. |
Acs 3 I
g4l o0l == - uh,.. ool
WoLIMS e
L EATE HOLIWG
Y3du0293% ’ | VIXYOD |
dT o4 TYNS

n.u_wz_.ihr,
TIANNYHD | | waamsgu| OFSNYEL/
I|J A
“Avng A m.u:uj__ Er-o v “n f_'_ —
T HYY W il s -
1EENOD | NcuwaNzliy TOIONCL LIONI TYNDIS
HSN¥g

ML VYidvA

e NS BN Yye— homny  bawin b = S pesns e L -



-~

®iBg WMB) 2ARE|IY pIonpay - L-p ‘Old

qP €1°# + 477 38ezoay

SH:6 @ 6036
19/81/21 qP $9°Z + dIN a8eiaay _ _ _ _
SHLNNTW =—m—— HWLL

muoummnnmun-n—nn-uumm_nﬁm

-.f.r
1;\ i =
\> l..\..___.\ /I.ll —
® e
]

PHIRWY Jo 104 = °D °q ‘umBmiysem O ST = 1SAm

"D "Q ‘umBuiysepm SN ST = AMM

| o =} i _—=] om— P -



et B

WWVH

FIG. 4-8 -WWV and WWVH Data

WWVH on only

x:48 to x:49 hours
During these periods
the Whip exhibited
15+ db higher gain
than the 726

Wi




s!

AMM TO STIB) 2AREIY - 6-p *OL]

qP #S° ¥ +d71 a3e1aay

WV 0Z:1T @ oS0t

vt

19/%Z/11 TOIN suwnlL

¢! rA] it ol [ =5 L - g 4

—-—— =g

—— F:m.z

T OEE ww e

| PO

o]

Sumjwsuen 100 HAMM FNEIS T° AMM W OT



NAME TITUL

“SCALE MODEL * VERTICAL LP e 8=

AT
SMITH CHART FORM 8283PA (2-49)| KAY ELECTRIC COMPANY, PINE BROOK, N.J. €)i949 PRINTED IN USA. PATE DEC. |5, |96|

IMPEDANCE OR ADMITTANCE COORDINATES
*SCALE FACTOR 4.4

|
I
]
l

—d

|
- RADIALLY SCALCD PARAMETERS
Az L - ] lal L - -~ $1A
71888 2o 03 1 =Y e = & VOIS0 UL TUUT. TV T AT TV A X 1 -1 -
L | Ty O It s A S S e e o A e e o R SR MU NN AU PR SUROY RUNPN S L
"ISE TOWARD GENEAATOR ——e @—— TOWARD LDAD 28 P B ¥ $ 3 g & 3 8 TSE:
. o
%2 83 8 R » ¢ & 2 H 3 P ¥V P F 35838 8 L 2 o2 3 4RI
] Bl VI I 1V O W Y N Y O U WA W WY W WY W SN W B Y A Iy 4 3 A A {1 U NN VY U NS W Y WO T U WY TN O W AT U W U WD WO G SN SR S GO { 1 1 4 11 -
]UJO' T LA J L Ty rITrTyrry T ll;l":rY o ARELEAS v Il"ll':'l"*'i' T 1T T yr T rrery '.‘o
S THEREME 2 5 8 R e s s T st s 83l
o CENTER
- Flactoonics- vot 17 MOL PP 110-131 A1A-32% JAN, 1944 |

A MEGA-CHARY

e il




FIG. 4-11






AT 1.5 f,

SRAY ELEMENT

FIG. 4-13 ELEVATION PLANE RADIATION PATTERN FOR

NICAL MONOPaLE



— i — — —

% ‘ | '
Q\‘\“ﬂ 1
v ST
; (ST
(] PSR
[ RN
...HOW.WIWN//,_‘\\M‘@
Bl WS EEE oSS
NS
AR SRELRX
K
QAT
VSSSRs
AN S 8

- — g — - — A S—

AV 2.0 {,

AR ELEMENT

FIG 4-14  ELEVATION PLANT |RADIATION PATTERY FOR

CONICAL MONDLPOLE



FIG 4-15  ELEVATION PLANE [|RADIATION PATTERN FOR
TONICAL MONOPOLE. | ARRAY ELEMENT AT 2.5 £,




- e e e

‘l.llllllll'll.lll.lll.llql T — e — — — — i — . — i —

PATTERN FOR

ARRAY EL

ELEVATION PLANE |RADIATION
MONOPOLE

CONICAL

FIG 4-1G



5 fo

MENT AT 3

AY ELE

FIG 4-17 ELEVATION PLANE |RADIATION PATTERN FOR

CONICAL MONOPROLE. | ARR



~<—nNozivor’

AT 4.0 f,

ARRAY ELEMENT

FIG 4-18 ELEVATION PLANE [RADIATION PATTERN FOR

e — e ] e e



o O
g 0
4
Z
o £
w
-
T
2
S
w
z
C w
\
<z
27
o <
ol
g 4
< O
g a
Qa <
Z
NO
o X
=
<
a
@ U
Z
WS
J
n
S
<
Y
w



ll[rllrl.r

fo

FIc. 4-20 €L

5
2 o
QO
Z
g
ul
=
< 5
o ¥
z H
Q i
e
>3
9 =
x <
u 3
< O
g =~
a o
Z
Z o
20X
Eo
L =
(TS
4
O
U



FADIATION DATY

LANK

FIG 4-21 eLevaTion

i



= NoZivow

l I I I oy -

O fo

4-77 ELEVATION PLANE |RADIATION PATTERN FOR

F1G.

LE | ARRAY ELEMENT AT 6.

CONICAL MONOPO



NAME

"™ CONICAL MONOPLE IMPEDANCE

WGN04_LZL

DATE

IMPEDANCE COORDINATES

l MITH CHARY FORM 8283PR ‘2'4.‘ RAY ELECTRIC COMPANY, PINE BROOK, N J. QIM. PRINTED IN UAA

= come
B B a-08 8 TR

CENTER
Electronics- vou 17, NOY PP 130-133, 318329, JAN. 1944 \

| - RADIALLY SCALED PARAMETERS
lgi§s 2. 23 2 2946 « : R e POT, P, T
"iﬁi | TOWARD CENES AT —a / o e J; A
LR L T S P TR 3
. L] T LAL I 1111Tl||1|l"‘|’ ':'-
1§§§F I 1% 12 2
4

RIS
HHH#H#H% 3
2 3 8 2 o R}
S 6 Iléﬁ
2t

gl

A MEGA-CHART

-

B




ﬂEFLECfgﬁ ‘PEI.E.
O PLACES
AMNILES

LN a2o
_b
FIG. 4-24
PLAN VIEVW
LOW BAND ARRAY

= ey e 0

-y

m'

S-18 Me CON L2
MONDPOLE - ., 2

b

N ) W

&

A
r"’l'r'{wx |.
oy
e

SCALE ! NONE

3 -18 Me

ON 202 DIA..




$
Fie, 4-125 AZIMUTH PLAN
F

iii’l'l]ll[ll'lllll



lllllll

e
G 4 UTH PLANE| RADIAT PATTERN AT 1.5 £,
R ARRA ICAL M POLES SHow
& 4




ATION PATTERN AT 2.5 4,

AZIMUTH PLANE| RADI
sl J 1) =

FIG 4-27




RADIATION PATTERN AT 3. '

SHown

AL MONOPOLES

MUTH PLANE



O

AVHYY 470dONOIN IVOINOD 40 1400\ 4 IVOS 1-001

6C-t Ol

PG R ODE o e

prmrd




Nm@% %Q%% Yy pLana Eqn 4

bob—a P

@%ﬁ qm%ﬁ_ﬂ%.,ﬁw

HirUnE H.Em

r.].-.r.llﬂ.m -

e 11.-.rl|..|..|4|-. iy

e S




thq......lTﬂ_ 3

e L

I|1... I

L BF = S

o .|
-1'+jI
4+ 4

it eSEESoNeSSaansisinteces
S Sivasstiss Aastaa sl oot
2> Sasomony Semsesmnas mseeea




_..I 1..r.I.I.H|.|rT||q1..

-|T4 I B . e e Y R

n :ﬁ.,, ) 33&. LOINIZY mﬁw&

o L S O Y

I|ll.—.[ _ II..%..I.TII”.. 0 (e o g o e

s el 8 SR - L
i

N BRBENAEARS R aEE
05 Ze-#
I e i ”|“ T _._. I 1

ST

| 50

L TTTTT
I

91

-1

_ " S
- 3 “ O II.I.I....J..-u..|.
| ¥ v

e ———

s NN Y -
T 0 e 0 ) N
T e
I I e o o S B I AN
o e o, S S RIS S

R




w@

=

B e e -

il |

N 0

79 HIG

— —ma

SSEsI ERsSEE

/ N% Quh\th.\Qk

mwm\

2. imEEm I HHH -...__,.hH:”“m_nH -
ol _.\... - - SR B B S I S T B e o o NA (S N 5 o e o L.lﬂ.l-l-l.l”
= A e s 1 .”_.:MWHH.V BR SN B SEEL R
pEs=ai =ars N .
1 : R L0 O 0 4 bl RS B L Fite M
— T AT T e e NS s
: A T e e e e s oo J/l\\ 0 RERE S NED
. D e T e e e T e 5SS SEGREE B
S t 258 25 R st
—— ! “ It NEESHEE AR aSa N EE SRS .-L..m:; =0 S Bh e RIS TS
YT 1 - + T._.rl.l_..lul — - e e e o TR SN N (S R F ) SN HI I||I ..|.....|...h”|
- AN DA EDem A0 O R ) IR D e (S s S S50 R V52 R e i 2 BT e
o i e e - T e S St T ISR MR— == —r— =3
mmes MR R e :“-u__!.n.....i- SRt S
£ e B S e e Ee— e AR Ees BeEmaBERE £RP
= - L - - e o L S AR —— - - - -
. 2 EaE S oeunss sannEEasaS Sassaes T nme Sionsead SR
i H T e e e e e
B SN nae= s susnaaASNS s man R e
= S § 3 M.:I-\\.\.. = i ! = .
- BENRSESEEE A= CERERGE bR RS R REE SRS DE mimemnu s e T tet st
z= S SSeasaaeas Smasmsssss s eessssss Snassan zssosuel i Sosam
: . RO SR I PSSR BRSNS B R EE S 68 eeEe ae b Frehr e
LT B I8 % 0 S B EaE: LeNGNY SESS & i e B
- e e T o AR S - = T T = T T
T 0 e=aBu JPw]II..,H-“..__H- T hes o I 108 BT RS 8 e
e EED AWSEE R Sy wns mms u 05 NEEE ABBRE B — T e i D S
S Ea EEaas snnans SHas Saas mnenes Lo S e P s pe—
e - 2% S i e et [ U 3 g ||.I.”1T!w e
- SEnxEnIou W izRRBAS RpG At v 21 0177 e s e
. o S — -y P S e S g BT i P
. MNNENEES S 55 N e 0 oS SRS TSNS NI M————
: I EEESIEEN SN EEw R ETONEE e Smn w5 e 9 ] By e 5 o B e == auussTay
H T HAEEAE T UKD aT La sk e o fins K= e B wRE § T
——— i s D TE A FE F SRS




e co S SRR EE R
1 R FESE S Tttt Ll T
s e .....r-:-.+|+..|.... A L |
-
i
v =

._.{:.\n.\ Gl

.1 ]
-

T C e

rl___llll_

e e :

B nens S s ——

..-..\.J.%,H..H..,...” = T
el - T
...wm..H“ e o - —
B smar., /.._\ s 4 o B e
RS Ba rps Sy e —
ma e = : e
S B SR T EE benee i T
N Db 01 B
215 T -3 S RE=RN BT TRl
= = - T
= =]

+. — g

i SeREasl dnasuimane



_._.—._.
et 1

Lq,rIL

!
=

BE BEN RN RN

..|.....-..|-|+..T1 e g
B ..I._.I|._]. 11l

_{ _E_wh....l.“ “E m__:..ﬂ

22 E\EQ

EN|
. 8 1 . I 5 -
—u .Tirrr_.fi__ FrT e e ameis T
Y h - ..\ 11 1 1....“ - =5
! - r1#.|TT1...|
— = | p _. -I..l#.-.
IBE| I | 1 %
WEE It _ ] 4
1t h |
mESESzEEa e
i 2 & ] I
EEguE 1 +1 L0 ]
[ " 1 Tf.Tn
EH: i | - i..l.._
L 14 X
S
T

1 a1
IS
Tt
= i T
|

- 15 | ] "T

1 |

! I

L3 [ T

= Lt 1

¥ . -— e
- | | | B
i 1
E EE S E 1

l FT
= ]
EEw B N “

! IFEE | -
= EEEE
) I




| l FTTY ¥ .i\ UI - T 1 T 11
T - Q/rLINAF T — 3 EEEEEEEEEESa!
i - L1 - .x. -l — = 4 . EEEEENEE
H L QUL YTE Y 79 A % SF
! —= L LA E = F | . < -t 11 _ H
1 1 T = = r ] i 1 H 1
11 ] | i | I i | H
- - . - - + = . - S A e B T S S - Lo o i i T P 1 7711 |
- " I - . = +— . —*I{huL”ﬂ.lIL —n o w v i .1.|r.|“. + 1 11
- . 23 - ] B . e R S — LS N I + 1 3 - - T T
111 E F r 1 RENE I
. . e e SARSSST SENEEDE DN DS S D e -
T - ™11
—_———— - IR RS EREEEEEE E L LEE T I EERGEES S B SN I N N T
1 . T e e e L LT - - S __
- - T R e B A o R SN B I e e o 1
= - R o S Sl S TR S S B e, b S B SIS (IS P . ™ -
_. . I - T S 0 R e e s, o A e G R O R - D - . T T
1 -— T B e G A i + - —t
u_ ‘‘‘‘‘ - B e S S ] e e L e e ] - e e +
1 - - - ¢ S B R S e o, o A - .
— = S 0 S0 R e e O A D e NI - =
wm wa Tt LS5 ST IS ST DOAE SN SR AN E NS S mEE S R ae Baas = mis
. 1 s e e A et it e 4 W - — $ * 1
T 1 I RADEHEEE Bt o S R R It .
. et e e i e e ki
LTy
! T
T 4
. 1
20N NS N

Lt g o

I




3

[NAME TITLE IMPEDANCE OF MODEL CONICAL MONOPOLE

ARRAY

SMITH CHARY FORM 8283PR (2-49]| RAY ELECTRIC COMPANY, PINE AROGK, NJ_ €4

PRINTED IN 1134,

]
+ .

il !

COORDINATES

2 e = RADIALLY SCALED PARAMETERS

gir - 20 = ~4 4 % - o LS 8 L L 8 ] a 3 ] 5
T rowant crmmim A n“‘v‘-dW#%%LLMMUJ"J#-#W#HJH%-M'v'I
S35 [ rowamp conanirn =R wio *8 b ¥ 8 3 5 or 3B o8 .
R S L I I I I A LA

zJeé :,‘l‘l ;"l' ;l:,'ll':,'ll't"';':':": ‘on T

alo% v~ d LI " ~ - =2 < S o 2 &

g - CINTER

Electromics  voL 17, NOI, #P 1)0-13y, 3182298, JAN 1944

01:
5 '
]
.o
2
t 40
+
913
o
+
i
Q0 4= Qe D

'Lnu!-uﬁ mlv
AXD LM
LE NS ERFFT]

3 m $707

A MIGA-CHARY




'Y
;. ¥ max,
, rrr sy """‘—'1\"

L

S0

30 .\--_\‘—\ :

20
“— measured

'\V Max. (°)

(9 Theoretical Value

10 with no ground plane

FIG, 4-38

of Maximum Elevation Plane Radiation (yr)

Effect of Ground Screen Diameter (in Wavelengths) on Angle




[

db from peak

t

1
i
L

0
e 200
-~ — 30°
2 15°
iy
4 o 10°
/ ml
.-’.-—‘
6
8
=
3-
10
5.
12
14
0 1 2 3 4 5 7

Ground Screen Diameter (in wavelengths)

FIG, 4-39
Effect of Ground Screen Diameter (in wavelengths) on

Elevation Plane Signal Intensity




ooy -

LINES
2 - u
i d

™rP. 30

-
<y
i
3
-

Fis 4-40

(

GOMNIOMETER
HE MATI

SCALE ' NONE




T IRESRLSEEBEENRENTEE dRAN R ERE! NS EBRERN IBEERERE INEEEBERE!
1 T3 | R v T NS BERNN T T T ! ™7 : IREREREES
1 L T 1t I T R T B 1 * TR == T R § vt
T 1T 13 1 1 Y T Tt RS T T I v {
=l . i T Tt 3 I P Tt 1 — t T
00 P O I T Y O O e e :
4 | o ESEAumuRE U AT ERREE
T 3 fem ,'4s\ ? » - ~ ~- - .ﬂ-_‘ e
T 4 AP s » ~ T } J
SN ST SC JNOUDNNL Y Sl SISy s T
PEBBSI NS ol g wmtemi e §oma ) Ao 2Ly 2 & ’
= 3 - - . . [ - s \. Y .. oy 3 ,\ V kuv > = o Gy
VR Ry LSS T g ONTH, /A Az =z D= :
i — - 14— - o.’lJIl.ﬁ..i.J!.« e e o - —r—t m. T b
T - 1 . . —t—T !.'.0-!0..0,'1 o — T
TR i : ST ES T T : T Ty
B RN e a SR RS A e Ll A6 v C SUES PENSEREERS | I M _,
: _ mwh.m. , h 7 T \.Iﬂ..’.~ <<|HW4 T r R | T i 1 m.
7 7 o T T : t a4 T
A . > B
i T ——— e ™11
T T i T v 7 o e ' =T
,« T IO.OLNI -+ b—— v + o T . [
. -—-- ‘ 2
| ] bl
1 1 T T T
= j )
—— i ¢ gabat
1 s
/ A~.<
T N
0 T <1 + K
: + IR S - T LS
1/ 3
T 0 T T
T I BIRER! H
DN T T
/. |
i1 {
1 T i T * T
i [N 6 (L O Lb WETN B 14 17
It [ NN v T S TN 1 T
)| T i T 1 T RS RS T
EEum e e e e eg Sa s s taus s AR NS
L | LTy h<~. T BEERE N : y .
1 3R L3 SRR S v -+ -
T+ I T B X t
. ¢ 1 L Ly
{ IR 0 ™ T o T
S ) 1 Iy T IS 1
T it i} lemp _‘Hm 1
g i1 T B R 1 |
: N ! L il q
{ [ il i 1 i
| it I T ! IR
I T i !
) ] Am
t 1] '
i Yy T It
; i - + 4 r -
T 1 ' {
i 1 ] [ 11
N} T
T -
" . 1M4
i h= 1 :
e — & 5 e ] é e Sa— n— L ] L] == -




‘.*ﬁﬂlm;:iﬁl1

, /dif#uﬂl
AVEYY QiNvg HOIH
N3IUA NvId

ANON :3VIS
Ty-v '©14




4.3.84'(Ref)

-

ROHN 25 G TowER
SECTIONS IN THIS AREA

ROHN 456G Toweg
SECTIONS IN THIS AREA

SCALE.: NONE

ARRAY ELEMENT
(7-30 Me)




LI 17T T 1 -
1 m _u ITIELT s} ! L _ L1 | T
1 LT 1 LT T T - 1.q“— ™ IREDE H 1 1 T T T
RN EE N - ] H Py 11 1] A V- 1 I H
B EEEREY e ! ] T - - et
e L L | T .- ..._“... I _,_“m__
L..Il-l.. % 1 1
. = — | Y
fri N
e ADMIROTS S0 NOJLONGT ¥ e
- T :
i S PARE P70 \{h. | - — - & . !
BEREEia il I I T AVl ANYE kﬁs‘{ pP-piEI T
| | S i o S S Il_.. ] ! .
Iy _ “ 1 a— e LT “.Ir”.r ...... el L R = “ ! _ T
ww, _ e rHLﬁuﬂ T Seas Buuznn
IEENEEm T [ T .HHHEH”.T I EEEN 11 T - R
EaEREa Eneg S ) - SOSE EEEY 4 DA BERE. & EEE BEE S DA .
T i Hﬁr.l IS /NSRS BRARY SR ;
EENHESE 5 T S S e S N v +
—— N R Sus SN saGwE FaNanSESSS Bane: H-I-H;.f e S LS SLS ST ARSRSE Baa:
.|r" ] " T 1] L LT 5 6 I ) | B HH“. -y i - I i
— Hithr+Ht T 0 0 0 O Tt VI -
T e e R e HH e
T —g L & | o = | LSS IR EE
e e e e e 5
1 e - - = T
e s B3 SB0N sn =t DuRESERERS puS S ESEEES St T SRR Fuy. =
B R — 1.7 T T T e
T W SEESeSEES e L Ans=Y IS NG SSHE PESRSEUOEN BO T -
EERSEE A B BB RBSELY bR e s PSS SEEN b I~ GRS PRE NSRS e S s SIS sEsREE) 3
L i ] e EEEEEE bnnnane s Tl SOl ERDEREE ERRES DD Tl LT 1._I...I|..|| - —_——
| T i o S - | 55 6 B e T+ 0 B e o -
}— - | B B e S S IR SRR R R nwn e i T
2 I i O I ) 5 I o c BN e N i W] T 3
[ 1 : L SR I 0 B e B2 e e AR et Lol T ] 1 1 R EE
T m..-h i 0 L O i B T i [T 8 p— M - % B O T 3
| 3L L A R i T L 0 0 Js..mT.. i 3 bl L€ IC ¥ © F L B SN
W= g s — S gl il B Sy e s . i e
ERSEEET 7 ¥ S0 it ae ISSUTRESE pEnE L el EESOERNL I SN SEBERY PR R oSS SRS EE 501 B SEBWE
S T —_—— i IBERAE ANEEEEDE! .. -
ESEEE R, o IS MRS SEEDY A e e IF i noessesERI sanan EEENS 588 EEEE
H [N | e = T T e - e N & T - . 4
_ NS SRRSO SRS E YNNI RS PEEEC D s 5 EENN NERRENEEEE : -1 aln g e
S=amue eSS E B oS wn . i ! _
i} - — el L. .U_H|
ﬁ.l.lfl_ ma ¢ TR EEDE BEHONES NS SSER T S B s B - 3
1 e L i E T gty S B R i 11 I
FEHHH T e e e e ]
T T = - Hizf - s ‘r w B i | T —_
Axum EES GNSESESE . b U e B IR BEE /L O B LA G 1R =~ - B ! = _
BEERE - L I e S S Tl 5 E o
- =8 SamEmanas? ma: S B oS L LML P & b A e = = me
BRSNS s, oo e AN A T T e
maa e —
i IEE —r——— i U1 1 i
- B 0 R M S R -1
=ESEE TN - .-
i H- Tt el L L
L b T H ]
—— LT i
ESEEn _ L1 .
Pimmind o
= =
. —_—




SESESISiEinzaas $3isaaE T R S
B S e N AN Niammssd sesasSaaat 53 P =nas _1.|Lr HHTH |
I 1 _.lll.-l.|1 —— ] L . | — —— . o ."....

TR AREE GO 46 WOILONGd ¥ Sl -S34n . H
= NS 9777 273y anpg 5
o J|Irn+ﬂ_.ulll_.4ﬂfﬁ_ﬂr:,r11f4 1 H
R e e e _1

] L]
+ |
T T
1 L
1 1 L | |
1 T T 11
- | I | 111 _ T
if T 1 * T Y T
.I.|II1I|.II|II.|..|I.-|-I||.| Lol ! . 4 " T 4
J[.!rlu.lﬂuu.llrerIIIrfTrIIulf]..Ia %1 5 3 . T . . P
.-.-|.|.-||J|||.|T|_ e . |.|1.-|-...|.||...||!I.I.1.II.|1 - —_ . -
ENNNEEE e Su — e T ] NG SERNSEEEEE
|I..|r.|.1|T|I..I||III.||J|-.-I|.I. e S S e T g e e P T 1
R S T e SR T e e i I il
T i) Ll ! - . -
T T .|1I|T-|.|1...|-||||....|.I||T.1..|.|....|1.r|1r| . — . _ | 11
I|||I1I.IrlI1|II|ITI.-Il|I.I.I.|. O i e e L A A - . —_— - — . = T
ST L L i Lol k4 7 2| L Il - . -
FHaw | T Tt S B = . o T = L= | I
. | 1 T
T L Tt . e G —l e L T
RN SN SE ASEE S N RETS e ma 1ol e
1|-|.-|.|l|.|l|-|_||.|-|.|ll.-|-...r| I o S S . — - - 4 3 -
|-|.-|-|.|-|.-|l.-|1||l|1..r..|. IR T . I.1r||..|I|I|.|I.|l-...|.|l..l|‘I.r|...|Jl.||l|..|-.L -
I ST T il ] —fd | .lllnlli.r...:l..l.i,.-.»jl..lhllﬂlj Tttt L L —
-I!llllll.ll.ll.llllllil.lll-ll i —t . O il —. — : 1
EENER R s O EREESEREED B RS E P | i o = . 0 &t EERSE
EENEAEuAD AnE L TN SRS ASE SRS N IR e L R = e .
|L|-|.|||1.-|.|l||.-|l|-. T T i T -0 N T - e - 13 S S S
|!|h|..|._.|1||_|l.||l|-|ll.|-.|l|1.l| S — B e o T S S - TS p—
.|L|.lI|I.I|I_|I.II||llI1r.|.I|I.I - - - - - —

- —— b o o
1 T - - - . —— e .
..|||1I|.IJ|-r...|IIII1|I.I||I|.I..l.I.. T 0 o e e e ¥ S SRR T S —
|[F'f4|li-l|.l|u|1l|.. e L 1 S i o o T SR — N e L
.|..|...|-||||I1I.||I|I|.|||1r.|.|||.... BT i R, [ L.|.1l||1l|.|-|l|..I.Tl|.||lI.|] —. —_—
I..|1||I|.|||.II.|-I.|||-|1.-|I|IL|1..-|.||:|....I|.. e — = —— — —— L. o -
1|l|.|l|1||l.r.|l-..|||-||||.|l|.lll.| D e e e e L B L|.|II...|..J-I...|..1II|.T|1I...|I|I|.|I L e — =
|.[I.I.III.”I|l|{:..I1..I.I.|1..I.I....I..iIT!||.I|r1...|!. o D O e s O R I e T |
|.|.I.|..I”|||.|||.I.f..ll.|.|-|.|-r.|.|||li|T||T1.|.|.. —t—eeden L . —— e
4|.|||.I..|I.“|I||||I|.II|1:I.Ir.I. T 1 i S N
||I1I||.-||..I|l.|..|.||l|1l|.|l|.|-||1.l|-|1l|rr.|1 e ol L —— e e =
T —— - |.Il|-|-..|1.-|T|..I..|I|-||-l||L|.|. e o —
e T e i 30 1
T Tt T B 5 T
L
—
e — ——— — ——— o —— e S ¥ o - e S o



w “Pﬂ)ﬂ

TOMLNOD NOILv.iOY
V¥ 212

INON I ITVOS

wC.ON

TA IS
o9

ﬂm AvlLTiQ

7 oW LNUD
v

WANES AV IdEiQ

4

ﬁ

WA ™d ™y
oA IV

HIZ TNy
QAdIT

WOLIW H2LIM
oy WR.-
CAH =S 4 S oAWTS _ =

P an e e

INQINOD
qIMvYa
HYI-

! PIHINAT

MALIWTINGD
A=

MO7

r 2

s temn mmn et et e s eme o weas G QIR e



UNCLASSIFIED

UNCLASSIFIED



