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PRELIMINARY DESIGN AND

V1SUAI.~IZATION PL1AN

• l.~~~ INTRODUCTION

attached Preliminary Design Plan and Visualization

Data is subrnitted\~as data Item A0Ol of DD Form 1423 of

Contract No. DAABO -0137 from USA ECON, Ft. Monmouth,

New Jersey. The contract i for development of a 30 — 80

MHz directional log-periodic lightweight, transportable

antenna for tactical field use.

• The Preliminary Design Plan de i be~-4i~---&eet*orx---2--O-~
interprets the technical parameters identified in the technical

• requirements. Each require nent is reduced to an item of material.

Electrical characteristics of the antenna under develop—

ment are described4 i e-2 -r Each electrical requiLernent

as set forth in ECOM specification DS—EH—0050A(A) is discussed

and the method of satisfying the requirement is shown. No

changes or difficulties are anticipated in the electrical

approach.

Mechanical characteristics of the antenna array under

development are describe~ ~~—&ee~ n—2.2’. Preliminary drawings

• and sketches with discussion of each component part illustrate

the approach taken to satisfy the specified requirements. An

initial Antenna Parts Breakdown is shown in Figure 1—1 and

shows the relationship of each antenna part to each other and

to the antenna system. Figure 1-2 ‘llustrates the general

configuration and overall dimensions of the antenna. Minor
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V .
mechanical design changes from the approach shown in the

proposal have been effected in various components as a result

of analyses and trade—off studies. To assure compliance

with weight and stress level requireirents, a preliminary

weight and stress analysis are included in Appendix B and

C, respectively. The new approach is illustrated and

described with logic for the change.

The only identi f iable problem area to date is the

proposed dull chromium plating per MIL-F-l4072A(EL). The

plating is very difficult to apply on aluminum surfaces

without incurring blistering or peeling. A search of plating

literature is being made, as well as contact with several

platers throughout the country to determine what is necessary 
•

to obta in a satisfactory plate. A trade—off study will be

made to determine if the benefits from chromium plating

offset the difficulties encountered. Electroless nickel

plate per MIL-C-26074 is also being investigated.

A small incongruity exists within the specification DS—
• EH-0050A(A) regarding the overall 5 foot length of array

components and carrying case. Present design of array

components works well with the allowable 5’-O” maximum length.

However, the carrying case will exceed 5’—O” slightly. It

is requested the specification be amended to allow an overall

length of the package to be 5’—l 1/2” maximum. The additional

length will allow use of foamed polyethylene padding on the

ends of the case.



PRELIMINARY DESIGN
• 2.1 ELECTRICAL CHARACTERISTICS

The electrical characteristics of log—periodic dipole

antennas depend on the combination of parameters (such as

the ‘? ratio, ~ K angle, characteristic impedance of the feed-

line, etc.) which must be carefully related to meet the

specified requirements. Many combinations have been

r~easured and calculated over the yeQrs, the results of which

have been used for initiating the first step in a design

effort. However, scale model techniques are also employed

to assure that the parameters chosen provide the desired

characteristics. A carefully constructed scale model

produces very accurate impedance, pattern, and gain data.

Two one—fourth scale models have been employed for the

purpose of s~.zing and satisfying the requirements for the
• 30 - 80 MHz antenna being developed. The parameters for the

first model ( ‘ i =  .877, 0< = 22.5°) were chosen from measured

and calculated data provided by Carrel (1). The models

measured patterns, gains, etc., closely approximated Carrel’s

predictions at mid-band, but fell short of satisfying the

overall requirements. A second larger antenna (‘7~~ .9,

4 = 18.7°) was constructed arid the performance improved
I sufficiently to meet the specified requirements and is the

• antenna being considered in the prototype design.
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The following paragraphs of this Section are concerned

with the details of the models and the results of the measure-

ments.

2.1.1 Gain

The gain of an antenna is defined as the directivity

less any losses. The measurable losses are usually ~n a

transformer, if one is used, or an associated length of

coaxial cable used to feed the antenna. The gain referred

to herein is referenced to the output terminals of the

transformer and will include only the losses in the trans-

former since the 12R losses in the antenna elertients are

insignificant. The 12R losses have been calculated to be

H approximately .02 db for the aluminum tubing proposed for

this antenna. The transformer, discussed below, has a

maximum loss of less than 0.1 db at 80 MHz with corres-

pondingly lower losses at lower frequencies.

Figure 2-1 shows the directivity of the two models

as calculated from principle plane patterns, (E-plane and

H—plane - See Figures A-2 through A-l3 in Appendix A).

The patterns are integrated in the manner discussed in

Appendix A to determine the directivity. This method

yields considerably more accurate results than using

approximate values calculated using half—power beamwidths

of the patterns.

-5-
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A gain comparison measurement was made using a A/2

reference dipole at approximately mid—band for the ~< l8.7c

structure and this agreed closely with the calculated data.

It is apparent from this data that to assure adequate gain

over the band, the longer structure ( °~~ 18.7°) is required.

This antenna was also sized to have the required front-to—

back ratio over the entire band.

2.1.2 Front—to—Back Ratio and Side Lobes

The front—to—back ratio is greater than 15 db over

the entire frequency range as can be seen from the measured

patterns in Figures A-2 through A-13. These patterns were

made from the ~( = 18.7° structure which was sized to produce

the desired front-to—back ratio. The antenna has no side

lobes and, therefore, automatically meets the 15 db require—

merit.

2.1.3 Input Impedance

Figure 2-2 shows the impedance of the antenna (‘2~= .9,
= 18.7°) with Z0 204 ohms. This antenna was sized to

meet the front-to-back ratio and provide improved VSWR at

120 MHz.

2.1.4 Power Handling Capability
and Lightning Protection

An auto-transformer is used to match the antenna to

the 50 ohm coax cable. The transformer is located inside

—7—
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the lower feedLine/boom at the end of the antenna having

the smallest elements. The transformer is attached as

shown in Figure 2—15 . The secondary of the transformer

then provides a dc connection between the two halves of . -

the antenna, and the lower half is connected to the coax

shield which x~iust then be grounded to provide a dc path

to ground when a dielectric mast is used. An induct ive

termination is also provided across the booms at the

rear of the antenna to provide additional lightning

protection.

• The transformer design is a proven design used in F.SI

Type 43A— 2 and 43A—5 antennas. The measured insertion loss

• in this transformer is less than 0.1 db at 80 1~~z which

means less than 2 watts will be dissipated in the trans-

former for 100 watts transmitted. The transformer is made

of ferrite toroids chosen to provide a conservative

power handling design. The transformer is capable of

handling 100 watts CW with more than a 2:1 safety factor

• for the worst flux density condition. The transformer is

approximately one and one—half inch long and one and three-
• eighths inch in diameter arid transforms the antenna

impedances with virtually no increase in VSWR relative to

the nominal impedance of the antenna. In other words, tho

VSWR associated with the normalized impedances illustrated

is essentially that seen at the tran.~former input terminals.

—9—
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2.).c Transmission Line arid Connectors

The transmission line is made of 60 feet of Rc- 213/u

coaxial cable with a male N connector on the end to be

connected to the antenna transformer, and a BNC connector

on the opposite end.

In addition, the coaxial cable is inserted into rf

• chokes made of ferrite toroids located near the antenna

end of the cable. These sets, or stacks, or toroids

are located on the cable to permit the cable to exit the

lower feedline boom with a minimum effect on the vertically

• polarized field. The cable exits the boom at the mast

connection. The ferrite chokes effectively “break-up”

(electrically speaking) the 10 feet of coax adjacent to

the fiberglass mast.

The patterns recorded for the gain calculations of

Paragraph 2.1.1 were made with the coax cable exiting the

antenna at the rear. Figures 2—3 and 2—4 are patterns

made with a simulated cable exiting the model antenna at

the mast connection, without chokes. These figures also

show the effect of breaking the cable into small sections.

The effect of the choked cable on the vertically polarized

pattern and gain is insignificant.

• 2.1.6 Polarization

The antenna is linearly polarized and is capable of

• being mounted either vertically or horizontally. The details

of the polarization fixture are discussed in Paragraph 2.2.6.

—10—
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t 2 .2  MECHANICAL CHAR .z~.CTERISTICS

The transportable 30 to 80 MH~ log—periodic antenna

array outlined in Figure 1-2 has been designed for ease of

assembly, lightweight for handling and transportability

purposes, rugged to withstand frequent field handling by

military personnel and for transportation over rough

terrain, and with materials and finishes to withstand both

the operating end non-operating conditions.

The antenna consists of two feedlines that also act

as the structural boom, 14 elements, six of which tele-

scope arid eight that do not, a bracket for mounting the

array to the mast and a coax/feed point subassembly. A

telescoping joint that is identical in each of the tale-

-
I 

scoping members and an element to boom pivot extrusion used

to permanently mount the elements to the boom and provide

for sliding the element along the axis of the boom and for

rotating the element with respect to the boom for convenient

• stowage. A boom (feedline) section joint fabricated

from dielectric material maintains the separation of

the two feedlines and provides a positive clamping device

for assembly of the boom sections. “Knocked—down” for

stowing the device consists of four boom-element sub-.

assemblies, a coax, a feedpoint subassembly and a carrying

case.

The following paragraphs describe in detail each

component or subassembly of the antenna.
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2.2.1 Elements

AS stated in the engineering proposal, tubular aluminum

elements have been selected because of their low wind loading

and adaptability for telescoping and joint designs. The

element ruggedness and weight requirements are the two factors

which dictate the size of tubing used. The electrical para-

meters require that there be 14 elements. The 5-foot package

length requires element numbers 1. through 6 to telescope

f or storage. Therefore, the antenna array consists of six

telescoping elements and eight non—telescoping elements

(see Figure 2—5, Sheets 1 and 2).

The antenna element sizes must be carefuly selected to

yield the most rugged antenna, yet maintain the design

weight goals. The initial size considered for the non—

telescoping elements was 3/8 inch 0.D. x .035 wall tubing.

When loading the element with the wind loading condition
(50 mph wind with 1/4 radial ice), a cantilever length up

to 57 inches may be used. Since the maximum length of a

• non—telescoping element is 48 inches, the 3/8. 0.]D. x .035

wall tubing is adequate for the wind loading required.

Using the 48 inch length of .035 wall tube for the telescoping

section of the longest element, then requires the fixed

section (next to the boom) to be 3/4 inch 0.0. x .058 wall

tube. -

—14— 
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It is recognized that the environmental loading conditions

are not necessarily the governing conditions for transportable

antenna design. A 3/8 inch O.D. x .035 wall tube is adequate

to meet the environmental conditions7 however, it is more

vulnerable to damage than a heavier wall tube. Therefore,

the tube sizes selected for use with the prototype configu-

ration are:

1. 3/8 inch OD . x .058 inch thick wall for the

short (non—telescoping) elements and the telescoping

sections of the long elements.

2. 3/4 inch 0.D. x .058 inch thick wall for the

fixed sections of the long elements. 
•

These are standard sizes which are easily adaptable to

a telescoping joint design. Each element is reinforced

with a short section of 5/8 inch O.D. rod located where

the element is clamped to the feedline. This rod acts as

a nut for the clamp bolt providing a very high crushing

strength and increasing the reliability of the pivoting

joint.

The tubing selected for the elements is drawn aluminum,

type 6061—T6 per Federal Specification WW—T—789.

The exterior surfaces of the tubes are painted olive

drab color number X24087 of Federal Standard 595 per MIL-

F—14072A (EL).

—16— 
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2.2.2 Telescoping Joint

A telescoping joint is provided in each of the six long

elements to allow stowing the device in a carrying case five

feet in length.

The joint design shown in Figure 2-5 is a positive

action, self—securing connection which provides good electri-

cal continuity and high mechanical strex~gth between the two

element sections. The joint design was selected beca~.we

every detail is functional, reliable, and requires a minimum

of human judgment to operate. The basic joint consists of

the two sections of element to be connected, spring contacts

to provide electrical contact and a latching action, and

two plastic bearings to support and provide a non—gal1ing

surface as the elements are telescoped fo~ storage.

This telescoping joint shown in Figure 2—5 was chosen

after trade—off studies based on tolerances and clearances

required to achieve an easily produced item in production

quantities. In addition, this design eliminates the need

for the chromium plating deep within the tube which would

be extremely difficult to provide in light of current findings.

The new joint (contact latch) consists of two parts, a

rigid tubular sleeve containing an annular external locking

tooth and bearing support (item 35)’, and a serrated tubular

sleeve (item 34). The latter sleeve consists of six (6)

finger segments having an annular internal locking tooth

and bearing support. Both parts are fabricated from

—17—
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beryllium copper and heat treated to spring temper. Dinien-

sional tolerances may be held with l i t t le d if f icu l ty.

Bending stresses of the finger segments are less than one—

half yield strength as the finger passes over the lock and

are approximately one—fourth the yield point with the joint

locked in place assuring ample electrical contact and locking

force.

Operationally, the finger segments of the latch do not

drag on the element as it is extended. A force of approxi—

rnately 5 pounds latches the joint. An audible snap signals

the joint is latched. Approximately 10 pounds or a light

tap with the hand unlatches the joint.

The joint elements are installed on and in the aluminum

tubes by soft soldering. An electroless nickel plate per

MIL—C—26074 on the tube and contacts allows soldering the

elements and prevents corrosion. Bearings of the joint are

Teflon tube diagonally cut for installation. See items
• 32 and 33, Figure 2—5, Sheet 2.

The joint assembly may be easily disassembled without

tools for cleaiung and inspection.
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2 .2 . 3  Feedline to Element Connection

The feeciline (boom) to  element connection consists of a

two-piece hinged , aluminum , pivot-bracket held together

with a captivated wing nut screw that capt ivates the

element to the bracket (see Figure 2—6). This bracket

design has been chosen to allow greater tolerances of mating • 
-

parts and provides a stronger support since the element does

not require slotting. Additiona lly , the locating keys or

guides on the feedlines are not required, allowing use of

standard drawn aluminum tubing. The pivot brackets are

positioned along the boom by .312” diameter holas drilled

at the proper position along each transmission line. One

hole in each line locates each radiating element.

The elements are unclamped, moved to their stowed

position locating hole and re—cl~rnped as proposed. The

stowed configuration is shown in Figures 2—19, 2—20, 2—21,

and 2-22. Element brackets can be fabricated of 6061T—6

aluminum extrusions or cast 356 aluminum alloy. Trade—off

studies will determine the most economical approach. An

in-depth study is being made of the chromium plated contact

surfaces proposed. At present, it would appear that contact

surfaces can have a f ina l chemical film per MIL-C—5541. This

film is very resistant to corrosion and will conduct RF frequencies.

—19—
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2.2 .4  Boorn/Feedline

The arztenna boom/f eedline consists of fou r telescoping

sections of two parallel aluminum tubes spaced 4.13 inches

apart by dielectric spacers. The boom/feedline mechanically

supports the radiat ing elements (see Figures 2-7 , 2— 8 , 2-9 ,

and 2- 10).  The boom connects to a supportin g mast through a —

cast aluminum bracket. Electrically, the boom/feedline func—

tions as a balanced feedline having a characteristic loaded

impedanc e of approximately 125 ohms .

The boom sections are constructed of 6061T—6 structural

a luminum tube 1.500 O.D. x .058 ‘~a1l. Maximum bending stresses

under wind and ice load are low as the boom is proportioned to

have low static deflection when the array is positional for

vertical polarization.

Boom Sections are held together by a telescoping over-

lapping joint. One end of each tube is expanded out to approxi-

mately 1.515 inside diameter for a length of 3 inches. The

expanded portion is slotted axially 2.50 inches to allow a

clamping action on the mating tube. See Figure 2—11.

The inside of the expanded portion and outside of the end of

the mating tube is electroless nickel plated per MIL-C-

26074 to provide a hard corrosion and gall-free connection.

Clamping action is provided by a pair of die]ectrlc spacers

and results in good electrical contact of the boom sections.

In addition to frictional force, the tubes are held together

—21—
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- - ax~ ai1’,’ by a .375 dia stainless steel quick—release pin

inserted through each tube . All hardware or. each boom

section. is captivateô. See Figures 2—12 , 2— 13 , and 2— 14 .

Improper assembly cf the boom sections is prevented by

orientation, of the slots on the expanded portion of the

tubes and dimples protruding from the mating tubes .

Spacer clamps are injection molded from glass—reinforced

phenylene oxide. This material has excellent dielectric

properties , as well as high tensile modulus and low creep

rate. The resin can be obtained in olive drab color. See Fig. 2—15.

2.2.5 Feed Point

The antenna feedpoint, shown in Figure 2—16 , cons ists of

a feed-strap and a transformer contained in a cylindrical alumi-.

num housing with a feed—thru insulator output, and a type “1\~’

connector input. The feed—thru insulator output is a brass,

nickel plated 1/4 inch diameter stud protruding through a Teflon

bushing. The Teflon bushing provides for excellent insulation

and the res iliance of the Teflon a llows sufficient flexture

of the feed—thru stud to prevent undue strain and possible

breakage. The transformer aluminum housing is nickel plated

in accordance with MIL—C—26074. The outer diameter of the

transformer housing is nominally the same diameter as the inside

diameter of the antenna feedlines. At the antenna feedpoint,

both the upper and lower feedlines arc slotted to allow them

to have clamping action when element number 14 is clamped on

either the extended or the stowed position. In the feedpoint

—2 4—
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area s the inside of the antenna feedlines are nickel plated

per MIL—C—26074. The antenna feed strap is 1/16 inch thick

by 1 inch wide with 5/16 diameter hole on one end and a

welded 1 inch diameter x 1.5 inches long tube on the other

end and is permanently secured to the 1/4 inch feed thru

stud. The assembled feedpoint bracket and the transformer

form into two parallel cylinders with a flat strap connecting

them. The cylindrical transformer has a type N connector

on the opposite side of the feed thru stud. To connect

the feedpoint, the antenna transmission line is fed through

the upper antenna feedline (when antenna is in the hori-

zontally polarized position) and connected to the type N

connector on the transformer. The antenna element (14) is

unlocked and the feed strap and transformers are pressed

into the feedlines and the element is reclamped. The feed—

point can easily be connect-ed or disconnected by the Un—

clamping of the front element. During storage, the feed

assembly is clamped in position.

2.2.6 Mounting Bracket -

The antenna mounting bracket (see Figures 2-17, 2—18)

is the interface between the array boom and supporting mast.

The bracket is fabricated of cast aluminum alloy 356T—6.

Two cross bores allow the antenna to be mounted for vertical

or horizontal polarization. A single captivated screw

provides clamping force for the bracket. A .375” diameter

—28—
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captivated quick—release pin is used in conjunction with

the screw to provide a strong gail—free connection.

The mounting bracket is permanently attached to the

boom spacer clamps of boom section no. 3.

2.2.7 Transmission Line

The 60—foot RG-213/U coaxial transmission line is fed

through the antenna mast and supported at the mast cap

assembly by a strain relief cable grip. At the mast top,

the transmission line is fed through an opening on the upper

feedline as shown in Figure 2—17 . The feedline opening is

lined with a rubber grommet to prevent cutting of coaxial

cable, and is forward of the antenna mounting bracket.

The opening is located 45 degrees off the mast vertical

• center line and on the pivot sido o~ the mast so that in

either the vertical or horizonta). antenna position, the ooening

is always 450  down from the horizontal. This will minimize

collection of water inside the feedline. The transmission

line is fed through the feedline to the antenna feedpoint

and connected to the transformer type “N” input connector.

2.2.8 Antenna Weight

The weight of the prototype antenna array is analyzed

-

• in detail in Appendix B. The weight analysis shows the

-
• 

- 

• 
antenna array weighs less than the 50 pound maximum. In

reviewing the antenna design, and the weight of all the

component parts, one can see that a compromise is required

—3 1—
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• between antenna ruggedness and antenna weight . One are a

where ruggedness can be sacrificed for weight is the antenna

elements. The elements, however, are the one component

part which will receive the most abuse during transit and

erection. For these reasons, all the antenna elements were

designed for stresses greater than the environmental wind

loadings. This approach has resulted in an antenna dcsign

which is sufficiently rugged and yet is under the maximum

allowable weight limit.

2.2.9 Packaging

The prototype antenna configuration disassembles into

four major boom assemblies pius the coaxial cable assembly.

This minimum number of parts facil i tates the packaging of

the antenna system. In disassembling the antenna for

packaging, the coaxial cable is disconnected and pulled out

of the feedlirie. The antenna array can now be disassembled

into the four (4) antenna sections (see Figures 2—7, 2—8,

2-9, and 2-10) by simply unclamping the feedline spacer/boom

clamp (see Figure 2—12). Each boom assembly can then be

prepared for storage by telescoping and folding all elements

and clamping them adjacent to the boom. Figures 2-19 , 2-20,

2—21, and 2—22 illustrate the four (4) boom assemblies in

the packaged position. The assemblies, 5—feet long maximum,

are all stored in the carrying case as shown in Figure 2—23.

In the package, the antenna is required to withstand both

drop and bounce tests. To protect each boom section from

—32—

Li 
—•-- —- —~~—~—-‘-~~~ -— --•——.-—~~~~~~~-—

.
-- -—~~~~ ---- - • -.~--- ~~~~~~~~

—
~~~~~~-— - -—- --

~p-~



— 
_______—J---,- —v 

~~~~~~~~~~~~~~~ _ _ -~~_ —•-- — ~—-~~ 
.—---- — — — —

damage, the boom ~ection~ are separated by pclyethelene

foam padded partitions within the nylon duck carrying case.

These partitions cushion the metal components and protect

them from damage. The ends of the carrying case are also

padded to protect the ends of the antenna sections. Since

the antenna sections are 5 feet, the carrying case padding

causes the carrying case dimensions to exceed the 5 feet

allowable for the case. This is the area discussed in the

Introduction which needs clarification. ESI requests that

the packaged antenna length dimensions be changed to 5’ —

1 1/2” maximum.

2.2.10 Carrying Case

The antenna carrying case fabricated of nylon cloth per

MIL--C—43375, is a roll type designed with polyethelene foam

paddings and straps to firmly socure all antenna parts and

protect the~n during normal handling of the packaged antenna

(see Figure 2—23). Each of the 4 folded boom sections are

separated from each other by foam padded partitions and

securely strapped to the carrying bag. The coaxial cable

is stored in the same pocket as the boom section containing

the antenna mounting bracket. This will give the coax cable

additional protection and facilitate storage. The antenna

mounting bracket is stored mounted on the antenna boom.

The antenna assembly instruction sheet is mounted on the

inside flap of the carrying case.
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2 . 2 . 1 1  Con~truc’t~ion

2. 2. 11. 1 lnterchangaahili ty

I 
~ Provisions for ~nterchangeaLi1ity will be in accordance 

- -
~

with Requirement 7 of MIL-STD-.454. Interchangeable items
- 

will be as defined in MIL—STD—1C’O and will possess both

1 mechanical and electrical compatability to permit their

installation as interchangeable assemblies, subassemblies,

- • and parts without regard to the manufacturer or supplier.

2.2.11.2 Parts, Materials and Processes

The selection, application and use of materials,
- 

parts, and processes used in the design of the antenna

system will be in accordance wit:h SCL-6200D. Consistent

with other requirements, materials chosen shall be inherently - -

fungus proof, insect proof, flame—resistant, and not adversely

affected by moisture and ten~erature.
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DIRECTIVtTY CALCULATIONS
FROM RAD1ATION PATTERNS

The directiv it y of an antenna is defined as the maximum of the
directive gain which is defined oy the equation,

2 (1.)
D10 c4~~ E (9 ,0)

‘ ‘‘‘ 2’tr ~r

~ E2 (9,Ø ) s i n G d 9 d ~Ø

where 9 and 0 are spherica l coord inates . Usually t he antenna is orie~ted w ith
9 = 00 stra ight overhead and 0 = 90

0 in line w t h the direction of maximum radia-
tion for an antenna whose maximum radiation lobe is also at 9 900. The value
of maximum directivi iy is for some part cu lor value of 9 and 0,

D 41y E2 
max (2.)

max — 

ç2’tr hiT
• - ~~~ Ø) s i n O d 9 d Ø

This equation is usuall y norma lized for use in ca lculating the relative gain since
E is some value of the function E (9. 0). Then

D = 4’~ 
(3.)

max

~ ~~~~ (9,Ø) s i n Q d ø d ø

• One way of approximatinç~ the directivity is for the anter,ria patterns
to be measured for a large number of constant 9 (0 variable) or constant 0 (9
variable) cuts thus producing a set of patterns each to be integrated continusly
(usin9 a plonimeter) over one of the variables and the set to be integrated by

* 

approximation. That is,

(4.)
~2~T ~ Tr 

E2 (9, Ø) s in @d 9 d Ø  
~ 

E2 (O Ø~) sin Od QA Ø



—- •- • -
~
-.—-

~~~~~~-~~~~~~~~~~~
• -.---- -~~~~~~~~~~ ~ - -~~ —~~w~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

- (5 .)

or, E’ (9~ 0) d 0 ~ n A

ThIs method is usuall y used for patterns of aircraft antennos where the antenna
and aircraft are both modeled and measured together . When E’ (0, 0) is equal
to one, for a ll 9 and 

~0, t hen the maximum volue of

(9, 0.) s in 9 d 9 = 2, for all Ø~,

and 

2 = 2 (
~ Ø~ ÷L~ 2 4 

~~~~~ 

(6.) - 
-

•

2’~-
• where s-~Ø. = —

N

Then ...... D = 411 1 which is the correct answer for an isotrop icmax 2~T~radiator .

Very often the function E (0, 0) can be represented by,

E (0, 0) 
L Emo 

f 1 (
~

) f2 (O)I 
(7.)

where f 1 (9) and f2 (ø) nre general functions that describe the principle plane

- 

• 

patterns and the product describes the pattern for all values of 9 and 0. This
approximation applies to smooth patterns wit h low or non—existont side lobes
off t he principle planes. Then the integra l becomes, -

21r~~~~
.~ £2 c f2 2— 

max i (9) f 2 (O) sin 9 d 9 d 0

= E2 
, ç r ~ odo  

ç
f~~(9) s ; ne d o

A-3 
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rTritegrd of princip!1 [Integral of principl~~
- plane pattern for

= E2 
L : b~

:t
~ 

~~o~~~] 
variable , 0 90°~~

When the po t-terns are norrn~ilized Emax is equal to one and the
maximum ~c lue of ~he irite~ra l oc~urs when f~ (0) = f2 (O) = 1 for al! 0 and 0.
This is an isotrop ic radiator and once oqa~n,

D = —--
~~

-

‘

~~~ = 1
~~ 2?r~~2

ESI performs the process of integration on the principle plane
patterns using a planimeter. The inte~ration can be performed directl y on
voltage pattern paper (5)1or the pattern thita is sometimes transferred to sp~cio !Iy
ca libro t~d paper which auiomaticoll y performs the sin 9 multIplication ( and thc.

multiplication for voltage pattern data) .

A4
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