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INTRODUCTION

This report will describe a preferred method of eval-
uating the UHF and L-Band antenna installation on the
CF-105 aircraft and will supersede all previous reports
issued by the Technical Department on this subject.

In view of major revisions to flight time allocation
and information recently obtained on the "state of the
art", a review of all previous proposals for this pro-
gram has been necessitated.

It is assumed that the necessary flight time, specifi-
cally programmed for antenna evaluation, will be all-
ocated this project. Since space in the aircraft is
at a premium, the minimum amount of airborne instru-
mentation required to successfully perform the eval-
uation program, will be employed.

Only transmitting equipment and such other equipment
as may be required to monitor transmission, will be
installed in the aircraft. Field strength measure-
ments, calibration, etc. will be performed at the
ground station.

The final results of this program will be a series of
antenna coverage diagrams obtained from model range
studies,; but verified to within 1 db by actual flight
tests.

GENERAL

The purpose of flight tests will be to establish veri-
fication of model range patterns for a single plane.
It is assumed that if close correlation between flight
test and model range data can be established for one
plane, then model range patterns for complete 360°
coverage will be highly representative of in-flight
performance of a full scale airecraft.

It is proposed to select a location about 25 miles from
the ground station, having a sufficiently good land
mark that the pilot may fly over it and consistently
pin point a fixed position. The pilot would then per-
form straight and level flights at a fixed altitude
(say 4000 feet) for several headings and field strength
measurements would be recorded at the ground station.
The flight test results would then be compared with the
model range data.
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GENERAL Cont'd.e.ss

It will be a requirement for this program that all
flight test data be repeatable to within 1 db. 1In-
flight pattern measurements will be repeated at least
once, and on a different day, in order to ensure that
atmospheric conditions and faulty equipment do not
influence the data obtained.

Data will be obtained for several frequencies within
each of the UHF and L-Band spectra.

Calibration of the ground station antennas will be per-
formed for each flight immediately before commencing
pattern measurements. This will ensure that the eff-
ect of ground station lobe structure does not influence
the results.

It is proposed to choose a flight path such that the
Fresnel zones of interference lie in a body of water,
thereby ensuring a constant ground conductivity in the
significant portion of the region surrounding the
ground station antenna installation.

Since fresh water, rather than sea water, is immediate-
ly available in the Toronto area, the ground station
will be designed using it as a reflecting media.

GROUND STATION EQUIPMENT
3ol Antenna Installation

In order to ensure that the ground station an-
tennas provide the necessary coverage to the
aircraft when it is over the test location, it

is necessary to adjust the height of the iso-
tropic UHF antenna for each frequency to be test-
ed in that band. Only one L-Band antenna helght
is required since this antenna is directional

ind will not be affected by multipath transmiss-
on.

It is proposed to-evaluate the UHF System at any
three of the four frequencies, 226.8 Mc/s, 277.0
Mc/s, 324.3 Mc/s and 384.3 Mc/s; and the L-Band
system at 970 Mc/s and 1060 Mc/s.
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3.1 Antenna Installation Cont'd...

The procedure for determining the correct ground
station heights for the UHF isotropic antenna is

detailed in Appendix I.

Table I gives the value of g (©), the earth gain
factor for surface distances between aircraft and
ground station ranging from 15-35 miles.

Table I - Ground Station Antenna Gain

f = 226.8 Mc/s
Station Height 39.214°

f = 277.0 Mc/s
Station Height 32.120°

a g (9) a g ()

(miles (miles)
15251 0.7760 15,12 0.7819 !
17.678 1.1123 17.64 1.1070 '
20. 206 1.3883 20.168 1.3887 |
22.729 1.5366 22,692 1.5261
25.266 1. 5300 25.217 1.5901 1
27.798 1.6061 27.743 1,6100
30'821 1.5778 30.271 1.5793
32,887 1.5263 32,800 1,5081
35.405 1,4640 35.331 1.4644

£ = 324.3 Mc/s
Station Height 27.408'

f = 384,3 Mc/s
Station Height 23.096!

d g (9) d g (8)

(miles) (miles)
15.105 0.7807 15.089 0. 7704
17.624 1.1154 17.605 1.1070
20. 144 1.3835 20.121 1.3870
22.664 1.5254 22.638 1.5262
25.185 1.5903 25.156 1.5904
27.707 1.6097 27.765 1.0110
30.231 1.5792 30.195 1.5802
32.756 1.5275 32,716 1.5283
35,283 1.4669 35.328 1.4657

& See Appendix I
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3.3

Antenna Installation Cont'd.s..

The reflection coefficients for fresh water are
given in the graph of figure (2). It should be
noted that the reflection coefficients in this
case are independent of frequency over the UHF
L-band regions.

Figures (3), (4), (5) and (6) give the ground
station gain for the test frequencies over the
range 15-39 miles. It is clear that maximum
gain is obtained over the range 25.5 to 29 miles
in all cases, Test flights should be conducted
at a distance along the ground of 27.5 to 28.0
statute miles for best results.

UHF Field Strength Measurement

UHF field strength will be measured using the re-
ceiver section of Radio Set AN/GRT-3. In this
equipment, a Jjack is provided to permit the meas-
urement of AVC voltage. The equipment is so de-
signed that the AVC voltage output is directly
proportional to the logarithm of the R.F. volt=-
age input., AVC voltage is thus a measure of rel-
ative field intensity.

L-band Field Strength Measurement

It is proposed to operate an APX-6, installed in
the aircraft as an L-band pulsed transmitter,

An APX-6, modified as stated below, will be used
at the ground station as the L-band receiver.

An output from the last I.F. stage will be fed to
a slide-back voltmeter (a slide-back voltmeter
indicates peak voltage) which has previously been
calibrated for the pulse repetition frequency and
width of the transmitted signal. The voltmeter
reading will then be proportional to field inten=~
sity.

Measurements Corporation Model 67, Slide-back
Voltmeter will adequately fulfill the require-~
ments for this program.

Recording And Calibration

The UHF and L-band field strength measurements
will be recorded on chart type recorders and
system operation will be monitored continuously
throughout the flight.
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3.4

3.5

Recording And Calibration Cont'd....

The check-point, the alreraft is approaching =t
an attitude dif}erent from stralght and level
flight, the recorder will indicate a wavy field
strength pattern due to shielding effects of the
airceraft as the pilot attempts to properly orient
it. ©On the other hand, 1f the aireraft is app-
roaching the check-point at a straight and leval
attitude, the recorder will indicate a constant
field strength pattern and the measurement at the
check-point 1s then valid.

Figure (7) 1llustrates s typical recorder pattern
for the above situations. Ground station eguip~
ment will be calibrated for relative field inten-
sity by simulating antenna signals with approp=
riate signal generators before and after eack
flight.

For each flight, prior to commencing evaluation
tests, the aircraft will fly radislly from the
ground statlon passing over and beyond the check-
point, transmitting continuously on UHF, Trans-
mission will also be mzde for several other head-
ings 1n the region of the check-point. Fileld
strength readings for the above will be recorded.

If the maximum lobe of the UHF antenna does nog
occur at the check-point and surrounding region,
the antenna helght will be adjusted and this pro-
cedure repeated until the fault is correctad.

It should be noted that the ground station is so
deslgned that the antenns lobe maximum is suff-
iciently broad as to minimize errors in fiald
strength measurement which are caused by inacc=-
uraclies in locating the ground check-point.

A system diagram for the ground station is given
in figure (8)

Communicgtion

The transmitter section of AN/GRT-3 and the
Stoddart UHF receiver will be used for normal
compunication with the aireraft. In addition,
it is suggested that a telephone line hock-up be
sstablished with the Avro plant.

4 separate UHF antenna will be required for comm-
unication purposes.

|
|
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4.  AIRBORNE EQUIPMENT

4.1

UHF Transmission

UHF transmission will be accomplished using the
AN/ARC=34 or equivalent. This equipment is pres-
ently installed for normal UHF communicatlion pur-
poses. As the aircraft approaches the region of
of the check-point, the pllot will depress the
press=to-talk button and ground statlion measure-
ments will be recorded.

A suitable monitor will be installed in the air-
craft and the pilot will be required to check and
record the output power at various times through-
out the flight.

L-Band Transmission

L-Band transmission will be accomplished using
the AN/APX-6, modified as follows. The modulator
delay line should be replaced by a line having
twice the delay of the present component. This
will enable transmission of one pulse, two

microseconds width, rather than the present trans-

mission of one pulse, one microsecond width.

It 1s necessary to transmit at a pulse repetition
frequency of the order of several thousand pulses
per second in order to present a usable signal
level at the ground station. This may be acc-
omplished by connecting a suitable pulse gener-
ator to the "BM TRIGGER" input of the AN/APX-6.

4 push button control should be provided for
actlivation of the pulse generator. At the app-
ropriate time, the pilot would then depress the
button and L-Band transmission would commence.

As 1n the case of UHF transmission, a sultable
power monitor will be installed in the aircraft
and the pilot will be required to check and re-

cord the output power at various times throughout
the flight.

A block dlagram of the airborne system is given
in figure (9).
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4.3 Communication

Since aircraft installation space is at a prem-
ium, normal communications and UHF field strength
measurement will be accomplished using the same
equipment. The pilot will transmit signals for
measurement purposes only for short periods of
time when approaching the region of the ground
check-point, during which time it will not be
possible for him to receive other communications.

It is felt that this will not endanger the mission,

since time of transmission 1s relatively short.

5. EVALUATION PROCEDURE

5.1

Flight Plan

Prior to commencing field strength measurements
for each flight, the aircraft will fly radially
from the ground station, passing over an& beyond
the check-point, transmitting continuously on

UHF. Straight and level flights for several other

headings passing over the check-point will also
be required. Calibration of the ground station
will be accomplished as previously indicated.

When the ground station has been satisfactorily
adjusted, field strength measurements will be

made for straight and level flight over the checke

point at twelve headings spaced 30° apart. It is

proposed to measure both UHF and L-Band field
strengths concurrently, however, 1f interference

problems should arise, UHF and L-Band measurements

will be measured consecutively.

Three UHF frequencies and two L-Band frequencies
will be tested.

A certaln amount of pilot training will be requir-

ed in order to properly orient the aircraft in a
stralght and level flight over the check point.
The flight procedure is similar to Radio Compass
procedures.

Bach pattern will be checked at least once and

on a different day, in order to establish repeat-
ability.




W AVRO ASRCRAFT [IMITED

TECHNICAL DEPARTMENT

MALTON - ONTARIQ SHEET No 8

REPORT No Zlgsystems 1313

AIRCRAFT

CF-105

PREPARED BY DATE

ANTENNA EVALUATION |H.L. Pollock July/57

PROGRAM, CF-105 CHECKED BY DATE

5.2

5.3

HLP/jmy

ORM 13194

Repeatability

For each frequency tested, patterns taken on diff-
erent days must agree within 1 db in order for
repeatability to be satisfactorily established.

When this has been done, these patterns will be
checked against model range data for the same
plane. If there is agreement between in-flight
and model range data to within 1 db, the model
range data will be accepted as the final pattern
for the antenna in question. If model data is
not in agreement with flight data, it will be
necessary to repeat model range measurements in
order to establish the necessary correlation.

Development Of Measurement Techniqgues

The major advantage in using the above method for
antenna evaluation, is that the flight time re-
quirements for the CF-105 are minimized. It

would appear most desirable, therefore, to per-
fect measurement techniques well in advance of
scheduled tests for the CF-105. 1In order to
develop the necessary pilot and ground crew skills
required for successful performance of this pro-
gram, it is suggested that preliminary UHF pattern
measurements be made, using a CF-100 aircraft as

a test vehicle,

Aircraft Program

A summary of the aircraft program is given in
Table II. It should be noted that prior to comm-
encing pattern measurements, the ground station
must be calibrated as previously described in
paragraph 5.1. Calibration may be performed using
some other aircraft, such as the CF-100, prior to
each CF-10§ flight.

The data contained in Table II has been prepared
under the following assumptions.

(a) Field strength measurements for twelve
headings can be accomplished in one hour
of flight time, ground station calibration
being performed by a separate aircraft
prior to a measurement flight.

T
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5.4 Aircraft Program Cont'd.....

(b) UHF and L-Band field strength measurements
can be made coincidentally. If interf@r-
ence problems arise, separate measurements
will be made for UHF and L-Band and add-
itional flight time will be required.

(c) Pattern repeatability may be satisfactorily
established in each case by one check-
flight.

(d) Preliminary UHF measurements using a CF-100
aircraft as a test vehicle are required in
order to develop the necessary pilot and
ground crew skills. Table II does not pro-
vide for these. It is estimated that 5 to 10
hours of CF-100 flight time will be requir-
ed in support of this program,

From Table II, it is estimated that total CF-105
flight time required in support of this program
is 15 hours. fThis includes a 25% safety factor
which would account for equipment breakdown,
airecraft malfunction, etec.

5.5. Model Range Program

A summary of the model range program associated
with this project is given in Table III. The
data contained in this table has been prepared
under the following assumptions:

(a) Patterns shall be measured on 1/18 scale
models for both L-Band and UHF frequency
bands.

(b) UHF measurements shall be performed for three
specified frequencies, on each of two an-
tennas.

(¢) L-Band measurement shall be performed for two
specified frequencies, on each of two antennas.
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Table II - Alrcraft Program For CF-10 ‘;3
0 -
Frequency Of Test [Mc/s A
Fin Cap Area Belly Area )
N
‘ =i
Estimated [UHF-L-Band | UHF-L-Band o
Flight Time [(UHF Sec- | (L-Band =
Flight No.| (Hours) ion) Section) | UHF L-Band P
>
1 1 226.8 970 oS
FY
1 24, 1060 M >
] o 35 293
3 1! 384.3 om [®:3
$3 23
4 1 226.8 970 B> |m 3
Z 3
- &
5 1 324.3 1060 s S
=1 N
6 1 384,3 dEe
G
7 1 970 226.8 “"g
8 1 1060 324.3
9 i} 384.3 e
JFlsl2 B
10 1 970 226.8 AR
alp. L= 2
11 1 1060 324.3 B2l 8
of |5 ||
12 3 384.3 s .l1e
Estimated Flight Time 12 Hours
25% safety Factor 3 Hours .
-
Total Flight Time 15 Hours °% | o1
— 4N :
m‘-’\]’l m
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5.5 Model Range Program Conb'd....

{d) The allowsble tolerance on models used for
pattern measurement shall be that which
permits the system accuracy for the range
(t 1 db in 25 db) to be realized.

{e) Schedules are based on a forty hour week
and contaln drop-out allowances.

(f) Pattern measurements reguired in support
of preliminary flight tests with a CF-100, |
are not included in Table III. It 1s es- |
timated that 172 man hours are required for
CF-100 model measurements and range utll- ‘
ization would be 30 days. |

Table III - Model Range Program For CF-105

E;; uency | Antenna Range Utiliz-| Labour
{Mc/s) Madel ation (days) } {(Man-hours)
226.8 UHF Belly
324, 3
384, 3
226, 8 UHF Fin=
324.3 cap
384.3 120 1032
a70 1-Band
1060 Belly
970 L-Band [
1060 - Fin-cap
120 860

L. CONCLUSIONS

The advantagesof employing the above method for the
gntenna evaluation program are listed below.

{1) Requirements for CF-105 flight time are minimiz-
ed, Previous proposals reguired that flight
tests for complete 360° coverage be performed
for each antenna. This proposal reguires that
for each antenna, coverage for only a single
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6. CONCLUSIONS Ceont'd.....
(1) Cont'd.

plane be measured by flight test, the entire an-
tenna pattern then being determined by model
range techniques.

(2) Aircraft and ground system instrumentaticn re-
| quirements are considerably reduced by virtue
of the relatively few in-flight measurements
required for this program. n automatic data |
reducticn system; as recommended for previous
antenna evaluation programs, will not be requir-
ed.

(3) A substantial reduction in the overall cost of |
the program will be effective by virtue of the
reduction in flight time requirements and com- |
plexity of instrumentation.

Previous reports *, indicated that approximately |
10 hours of CF-105 flight time would be suffic- |
ient to measure the complete 360° antenns cov- l
erage pattern for that aircraft. In a rscent

trip to the 0U,S. Navy Alr Test Centre, Patuxent,

it was noted that the Antenna Group reguired

some 50 hours of flight time to measure the com-
plete coverage of one antenna, It would therefore
appear that previous estimates were in error.

(4) 1f, as now seems likely, the Irdome is to be in-
stalled in the fin-cap area, the mcdel patterns
and flight tests for the UHF-L-band fin antenna,
would be deferred until sn assessment of the eff-
ect of the Irdcme on this antenna could be made.
If the results of the Irdome investigation so in-
dicate, it may be necessary to reloccate the fin-
cap antenna instsllation. When the effects of the
Irdome have been investigated and suitably asinimiz-
ed, the UHP-L-tsnd antenna will then be evaluated
as described in this report.

7. PORK SCHEDULE

The following authorizations would be required, foll-
owing approval of this proposal.

i

* Memo 2158/02C/§, August 31, 1956

-
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Table IV - Work Scheduls

Item

Description

1

20

Date Required

Procure slideback voltmeter, power monitors

(UHF and L-band), recording meters, etc, a
detalled in this raport.

Modify AN/APX-6 {(GFE) for airhorne instal
ation as described in this resport.

Operate AN/GRT-3 {GFE) and check AVC char
acteristic for linearity.

¥odify and equip existing moblle trailer,
property of Experimental Flight Test,

with electrical wirding, dust filters, ailr
condlitioning, heatling, work bsnches, etc.

Purchase two UHF omnldirsctional antennas
and one telescoping mount. Purchase or
fabricate one fixed mount for a UHF an-
tenna.

Purchase or fabricate one L-band direc-
tional antenna and mount.

Install power monitors, AN/APX-6 (modifi-
ed), etc. in CR-100 test vehicle.

Install AN/GRT-3, AN/APX-6, recording
voltmeters, etc, in the mobile trailer.

Allocate 15 hours flight time for CF-100
test vehicle, UHF equipped, for prelim=-
ary measurements. Prograem to commence
approximately, October 1, 1557,

3
Sept.1l, 1957

s
Sept.1, 1957

Sept.1, 1957

Sept.15, 1957

Sept.15, 1957
Sept.15, 1357
Ot dy 1957

get.l, 1957

Oct.l, 1957

CREM 118k
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where E; and By are respectively the intensities of the
reflected and incident besms, Y is the engle between the
incident beams and the reflecting plane, and | is the
complex index of refraction of the medlun.

The index of refraction between air and the reflecting
{ medium is glven by. |

| m2 = & -jbof3 (2)

where &y is the relstive permittivity of the reflecting
surface, § 1ig the conductivity of the reflecting surface in
mho-metres per sguare metre, and 7 18 the wavelength of the
radiant energy 1in meters.

Values of €y and § for average earth, sea water and fresh |
‘ water are tabulated below

| TABLE 1 - PROPERTIES OF REFLECTING MEDIA

|

- |

’ Material £, { (mho-m./3q.m. ) ’
1 Ses nacer 81.0 5.65

Fresh ¥Water 81.0 0.01 |

‘ Average Earth 15,0 0.015 ]

‘ Values of n? for the appropriate test frequencies and re-
flecting surfaces have been calculated using equation (2) |
and ars given in Table 11. i
TABLE 11 - VALUES OF n° POR ANTENNA EVALUATION PROGRAM

range 15=-35 miles from the ground statlon at an altitude of
4000'. The reflecting medium prescribed for this test 1s
wgter end since fresh water, rather than sea weter, is

| immedistely avallable in the Toronto ares, the ccefficients
have been determined for that medium only.

‘ Media __1 Freguency
226.8 Mc/e | 277.0 Ko/s | 38%.3 Mc/8; 38%.3 Me/s8|
' [Ses water B1-4370 81-3 301 Bl-j 258 (B1-] 218
| Fresh water 81-10.796 81-1 0.650 | 81-1 0.555iB1-3 0.469
| Average Earth | 15=11.19 15«5 0.575 | 15-1 0.83%{15-3 0.703
1 Table 111 gives the reflection coefficients for an alrcraft
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CALCULATION OF ANTENNA QAIN PUNCTICON

|

|

i bt
f

!

f

With reference to Fig. (1) an aircraft at A, transmits a
gignal to @ ground station at 8. Since the ground station
18 isotropic, it will be 1lluminated both by & direct ray
emsnating from the aircraft and a ray reflected, at an

t angle W by the earth's surface at B.

- The true aircraft altitude i3 h, and the altitude referenced

f to the reflecting plane is h,. .The true height of the
ground station 1s gnd thelhcight referenced to the

reflecting plane is 2 |

I The distance measured along the surface of the earth froa i
| the point of rsflection to the profection of the aircraft
position on the earth's surface is 4,. The distance
measured zlong the surface of the eafth froz the point i
of reflection to the ground station antenna 18 62. !

The reflected ray received by the ground station may be in
phase or out of phase with the direct ray causing construct-
ive or destructive interference. It is therefore necessary
to optinize the ground station height in order to minimize
destructive interference for the aircraft range and altitude
of greatest interest. |

The method of optimizing the ground station is detailed in
the literature' and is summarized briefly below.

The magnitude and phase of the reflected wave for vertical
polarization is determined by

: LV = _f_-_r_ z o stny - /n° - can\P el 09
| : ofstn & T Tl

—_— = — —

FORS 10 8
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TABLE 111 - REFLECTION COEFFICIENT FOR FRESH WATER
UHF REGION VERTICAL POLARIZATION

) R L& P R LE
0.25° | 0.92% 1809 2.750 0.39% -1800
0.50 0.85 -180 3.00 0.356 -180
0.75 0.78 -180 3.25 0.335 -180
1.00 0.727 -180 3.50 0.288 =180
1.25 0.670 -180 3.75 0.256 -180
1.50 0.616 -180 4. 00 0.227 -180
1.75 0.566 =180 4.25 0.197 -180
2.00 0.519 -180 4.50 0.169 -180
2.25 0.475 -180 4. 75 0.1%4 -180
2.50 0.433 -180 5,60 0.11 =180

It should be noted that reflection coefficienta for freah
water are independent of frequency in the UHF region and
that incident waves are ahifted in phase by 180° upon re-
flection by that medium.

A gra h)or reflection coefficient veraus W’ia given in
Pig. (2).

Having determined the reflection coefficienta the ground
station characteriaitca are then optimized aa follows.

(a) Chooae d; and h
antenna.” In thls case d) = 25.0 miles, hy = %000'.

(b) Calculate hi for the above values and call it hi max.
1

2
- (3)

where hi, h; are in feet and dy is in miles.

(¢) cCalculate Y for the above values and call it \P max.

Y = cot~l5280dy oo (y)
by

for maximum gain of the ground station
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(d) Phase shift due to path length difference is given by

© = 1.38% x 107 n} I fSion e (5)
d

where @ is the phase shift due to path length difference in
degrees, d = d1 + d2 is the total distance, in miles, along
the surface of the “earth between the aircraft and the
ground station, and £, is the frequency in Mc/s.
For maximum gain @ + ¢ = 360°
i.e. o + 180° = 360°
¢ = 180°
For maximum antenna gain, equation (5) becomes.
(1.384x107%)(5280)dph) tan¥p fme
dy + do
d, max = d| (6)
(1.384x10-7)(5280)n] tan § fmc - 180

180

Using equ'n (6) calculate dp ax fOT maximum station gain

(e) Calculate hé m

1
h2 = 5280 d2 - o = .-(7)
(£) calculate h,, ee
E 2
]
By = hadeda (8)

2
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(g) For chosen valuea of d;, h, and uaing h, aa determined
for maximum antenna galn ﬁ a defined r%gion, determine
antenna coverage aa Followa.

Calculate h'l using equ'n (3).

calculate ¥ uaing egu'n (4).

Calculate d, and h; by aolving equ'ns (7) and (B).
(h) The divergence factor D is defined as the ratic of field
atrength obtalned after reflection from a spherical
aurfacae to that obtained after reflection from a plane
purface, the radiated power, total axiaml distance, and
type of surface being the aame in both casea, and the
aolid angle being a small alemental angle approaching

Z8ro,

Calculate D,

D= 1 eememmemeeea (9)
f 1+ 2d% dp
hy d

(1) calculate ® uaing equ'n (5)

{3) Determine the magnitude and phase of the reflection co=-
efficlent frow the graph of Fig (2).

(k) Determine the earth gain factor g3(®)

g (8) =
re + CDR COS (8 = ) ======v {10)

where z (@) ia the ratio of the resultant fleld $o the free
gpace field.

Note that g (®) = 1 if there 13 no reflected ray - 1.e. g {©)
ia a meaaure of the antenna gain taking asccount of the multl-
path propogation.

EXAMPLE CALCULATION

£ = 226.8 Mc/a n, @ hooo!

We will maximize the antenna gain at dl £ 25.0 milea,

|
]
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Using equ'n (3)
1

- 2 =,
hipax = 4000 - (25.0)% = 3687.5'

2
Using equ'n (%)

P = cot™ 5280x 25 .
Bu 3687.5 '

= |
1.6°

Using equ'n (6)

a = 25 b

2max

2 0.266 miles
Using equ'n (7)

h = 5280 x 0.266

= 39.279°
cot 1.6°
Using equ'n (8)
= 2 = I
h, 39.279 +-(0.266) 39.31

Having determined the characteristics for maximum antenns
gain at d, 25.0 miles and h, = 4000', we will calculate
g (8) for'd; = 15.0 miles.
Using equ'n (3)

L]

hy = 3000 - (15)% =  3887.5
==
Using equ'n (&)
¢ = cot™! (5280)(15) = 2.8°
3887.5

(1.384x10"%)(5280) (3687.5) (tan 1.6°)(2268)-180
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Using equ'ns (7) and (8}
g2 52804, =-h, =

2 2
— Cot §
0.5022 + 5280 ¢, =39.31% = ©
cot 2.8°
0.50,° ¢ 259.17dp, =~ 39,314 = 0

62 = 0.151 miles.

(NOTE: The othsr root for the sbove equation yields a
negative value for d and must therefore be dis-
carded.,)

Using equ'n (7)

=3
"

(5280} gg,lgl} = 39.13%
2 cO .

15 4 0.151 = 15.151 miles.

o
1]

Using equ'n (9)
D= 1 = 0.9995

/ 14+ 2 {15} (c.151)
13887.5)(15.151)

¥sing equ'n (5)

© = (1.38% x 10~%)(3887.5)(39.13%)(225.8) « 315.3°

25.151

From Fig. (2)
A2 2 0382 / -180°
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| |
Using equ'n (10)

5 &) '=,/1 + (0.9995x0.382)2 + 2{.9995)(362) cos (315.541

g (6) = 0.7760

The above method was used for c¢alculation of all antenna
patterns for this report.

P C3BA
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