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STATEMENT OF M iSSION

The miss ion of the Spectrum Management Staff is to assist the Department of
State , Office of Telecommunications Pol icy, and the Federa l Communica tions
Commiss ion in assuring the FAA ’s and the na ti on ’s aviation interests •with .
sufficient protected electromagnetic tel ecommunications resources throughout
the worl d to provide for the safe conduct of aeronautical fli ght by foster i ng

• 
I effective and efficient use of a natura l resource — the electromagnetic radio
• frequency spectrum.

Th is objective is achieved through the following services:

Plannin g and defending the acquisition and retention of
sufficient radio frequency spectrum to support the aero-
naut ical interests of the nation , at home and a broa d,
and spectrum standard i zation for the world’ s aviation
commun ity .

Provi di ng research , anal ys i s, engineering , and eva l ua-
tion in the development of spectrum related policy ,
planning, standards , criteria , measurement equi pment ,
an d measuremen t techn i ques .

Conducting electromagnetic compatibility analyses to
determi ne intra/inter-system viability and design param—
eters , to ass u re cert if i cation of adequate spectrum to
support system operational use and projected growth pat-
terns , to defend aeronautical services spectrum from en-
croachment by others , and to provide for the efficient
use of the aeronautical spectrum.

Develo ping automated frequency selection computer pro-
grains/routines to provide frequency plann i ng , fre quency
ass ig nment , and spectrum analysis capabilities in the
spectrum supporting the Nationa l Airspace System.

Prov iding spectrum management consultatic .n, assistance ,
and guidance to all aviation interests , users , an d pro-
viders of equipment and services , both national and in-
ternat ional .
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ANTENNA TILTING EXPERIMENTS OVER
RADAR MICROWAVE LINKS

J

W.J. Rartrnan*

Signal level recordings were made simulta-
neously for two systems , one utilizing an
antenna tilted upward to obtain a 2 dB loss
over optimum alignment and the other using
an untilted antenna. The path was a 4 2 . 3  km
FAA radar microwave link between Yeniassee ,
South Carolina and Ilardeeville , South Carolina
over relatively f lat  terrain covered with
tall trees. The results showed essentially
identical fading on both systems .

I. INTRODUCTION

• Antenna tilting experiments of the type previously reported
(Hartrtan and Smith , 1975) were performed over a FAA Radar

• Microwave Link (RML) path between Yemassee and Hardeeville ,
South Carolina , hereafter referred to as YR. The previous

• tests (Hartrnan and Smith , 1975) were over a path between Boone
and Fowler , Colorado and will he referred to as BF. Sianificant
improvement was obtained over the RE path by t i l t ing the antennas
slightly upward . However , the same techniques resulted in no
improvement at YR . The probable explanation of the difference
in the results is presented here in terms of the d i f fe ren t  types
of terrain along the two paths.

II. TFP.PAIN DESCRIPTION

The path for this experiment is approximately 4 2 . 3  km long ,
running from near Yemassee , SC to near Hardeeville , SC. The
terrain is essentially flat , with sections covered by trees
ranging in height to 35 in. There is a 7 6 . 2  m tower at
the Yemassee end and a 109.7 in tower at the I’ardeeville end .
The normal communications ut i l ize f ly  swatter antennas con-
sisting of a reflector on the tower with a dish located on
the ground or on the building serving as a feed . Figure 1
illustrates these path features with greatly exaggerated
vertical scale. In this figure, two reflectors are shown at
the h’ardeeville end at 106.7 in and at 81.7 m , and the location
of the two dishes used for the experiment is shown at 76.2 in.
The ray shown is for an effective earth radius of 2/3.

*The author is wfth the Institute for Telecommunication
Sciences , Off ice  of Telecommunications, U . S .  Department of
Commerce , Bonier , Colorado 80302.  
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Figure 2 shows the YR path and the BF path drawn to the same
scale . The dashed lines indicate the geometric path ~ith no
bending . The differences in the terrain are obvious : T~e EF
terrain is higher at both ends than at the center of the path
while the YR path shows a sliqht rise toward the center
because of the trees. In keeping with the rationale given
in Hartiran and Smith (1975), the antenna tilting should give
protection during fading periods over paths of the BF type
(i.e., howl-like terrain) while slight if any improvement would
he expected for YIT tv~e paths (i.e., flat paths , or paths withslight rises along the path) .
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Figure 2. Comparison of the Yemassee - Hardeev ille
path geometry with the Boone - Fowler
geometry ( f l at  earth )

III .  EQUIPMENT

The operational paths between Yemassee and Flardeeville use peri-
scope antenna systems with reflectors on towers fed by dishes near
the base of the tower or on the bui ldings.  For the experiment ,

3
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two 1.2 in dishes were mounted on the tower at Hardeevjj .le at the
same height below the lower of the two reflectors on the Yernassee
side of the tower . The two dishes were separated by 1.75 i n.
Figure 3 shows a diagram of the location of the FAA antennas .
Because of the diversity, both space and frequency , over the
YR path numerous frequencies were transmitted or received

• at the Ilardeeville site. These are listed in table 1.

FAA Reflector
Antennas

ITS Parabolic
Receiving Antenna

FAA Parabolic
Feed Antennas

I v i  I
YEMA SSEE HARDEEVILIE

Figure 3. Diagram of the FAA antenna placements for the
Yemassee - Hardeeville path .

Table 1. Frequencies in use at Hardeeville.

Received (MHz) Transmitted (MHz)

8330 7560 8290 7605
8210 74 30 817 0 7515 —

8045 734fl 8085 7475
7925 7 250 79 6 5 7385
7805 7205 7845 7295
7685 7160 7725 7205
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Two receivers were mounted on the tower directly behind the
dish antennas which were used for the experiments . The results
were limited by interference from some of the freauencies in
use at Hardeeville (table 1) because of the broad bandwidth
of these receivers. In part icular, the frequency at 7160 1’lH z
was used for the experiment and the nominal signal level
received from Yemassee during steady signal conditions was

• -43 dBm and -45 ciBm for the two receivers using the untilted
and tilted antennas respectively. The signal being t ransmit ted
from Hardeeville at 7205 MHz produced a level of -75 dBm and

• -77 dBin respectively at the two receivers. This limitation
will he discussed fur ther  in the results section .

The receivers incorporated log-IF-amplifiers which were linear
in voltage within 1 dB over a ranqe of received si gnal levels
from -20 dErn to -100 dBrt . The output voltage was recorded on
both paper chart rolls and magnetic tape .

The receivers were arranged so that calibration could be done
from the around using a signal generator. A stable local
oscillator and the broad bandwidth of the receivers prevented
fading due to frecuency drift.

IV. RESULTS

The measurements covered the time between 2—8-76 and 3-9-76.
During this period , the fading of the received signals on the
tilted and untilted systems appears to he identical after
taking into account the 2 dB difference in the systems and the

• d i f fe ren t  values of the limiting interfering signal.
Figure 4 ( a )  (b ) (c) shows three different periods of fading .
Figure 4(a) and (b) are typical of the fading that occurred
during the hours bet~-ieen sunset and sunrise , while f i gure 4 ( c )
is the only occurrence of the very deep long-term fadinq . No
fading was observed between the hours of 0800 and 1800 (local

• daylight savings time) and some fading was observed every day
(ni ght) between 1800 and 0800. For most of the nights , the
signal either remained above -60 dRin or dropped below for
periods of very short duration (< 1 s per hour) . A total of

• eight nights produced significant fading , and these are
summarized in table 2. The columns for signals less than
-75 dRin are biased because of the interference as exp lained
earlier and are included primarily to g ive an indication of
the behavior of the tilted system . The columns labeled signal
level less than -70 dBm generally indicate the 2 dE lower
signal for the tilted system . The few cases where the untilted
system shows more time below the level than the tilted system
are not signi f icant . The distr ibutions for the time neriods
given in table 2 are shown in figures 5 through 23.
It should be noted that the triangles plotted in these figures

5
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at -75 dBrn generally appear on the right hand edge indicating
the adjacent channel interference . For the two periods of very
deep fading on February 13 (figs. 11 and 12) the signal did
fall below -75 dBrn indicating that the received signal was
sign i f i can t ly lower. In figure 11, the occurrence of only one
point for the tilted system is a result of the signal being
less than -70 dBrn for the entire period . This period of fading
is shown in f igure  4 ( c ) .

Durinc~ the period from March 1 through March 9, 1976 , the tilted
antenna was tilted down instead of up to achieve 2 dP loss over
eptimum . Fiaures 22 and 23 shown the only data with significant

• fading from this period . This 3nd other data from this period
support the same conclusions as the data taken with the antenna
tilted upward .

V. DISCUSSION

Although the YR signal level data were limited by adjacent channel
interference , fades of 25 dP, as great as those recorded at Br ,
could be (and were) recorded . Further, within this range the YR
signals for the tilted and untilted systems appear nearly identical
in contrast to the signal differences observed at BF. Two
plausible explanations for this behavior are (1) the YR fading
~~~~~ primarily diffraction type fading (Dougherty , 1968) in which
case no improvement could he expected from tilting the antennas
and (2) the angular seoaration of the multipath components
and direct component is so small that discrimination against
the rnultipath components is not possible with the• antennas
used in the tests. Probably both exnlanations apply at
different times.

It is tempting to classify the fading records of figure 4 as
classical diffraction fading for 4(c) and multipath fading for
4 (a) and 4 (b). However, similar classifications of records from

r j ER can be shown to be erroneous .

No meteorological parameters were measured for this experiment,
hut cualitative weather observations were noted by personnel on
si te. ~o correlation exists between these observations and thefading . For example, light fog was noted during the fading dis-
played in f i gure 4 ( c ) . However , there were other nights when
light fog was present and no fading occurred . The weather for the
period shown in figure 4(b) was clear with brisk winds , and , for
the period shown in figure 4 (a), the observations showed light
winds with early morning foq .

6
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Table I I .  Summary of fading data .

Time (mm .) Signal Less Than

-75 dBm -70 dEm

Date Time Mm ijntilted Tilted Untilted Tilted

10 Feb 0124—0311 107 0 .4 .1 1.1

12 Feb 1900—2047 107 0 2.8 5.3 18.8

12 Feb 2047—2234 107 0 56.3 77.1 90.4

12 Feb 2 2 3 4 — 0 0 2 1  107 0 .2 .8 1.1
13 Feb 0021—0208 107 0 11.3 17.5 33.9

13 Feb 0208—0355 107 0 64.9 79.9 100.5

13 Feb 0355—0542 107 24.4 103.0 106.9 107.0

13 Feb 0542—0636 54 35.3 51.8 52.8 52.7

20 Feb 0100—0247 107 0 1.0 1.8 2.1

20 Feb 0434—0621 107 0 3.1 3.3 5.9

23 Feb 0147—0334 107 0 .4 .3 1.1

23 Feb 0334—0521 107 0 1.8 
- 

12.9 12.4

25 Feb 0159—0346  107 0 .2 .4 1.6
25 Feb 0346—0533 107 0 .4 1.4 3.5

25 Feb 0533—0720 107 0 .1 1.6 2.9

j 27 Feb 2200—2347 107 0 1.0 2.7 4.5

28 Feb 0500—0647 107 0 2.9 3.8 5.3

9 Mar 0045—0232 107 26.7 33.5 45.4 48.6

9 Mar 0232—0300 28 0 .4 5.3 5.8

TOTAL (mm .) 1901 86.4* 335 5* 419.3 4 9 9 . 2

*Thege columns are included as a guide only, because of the
limiting interference .

8

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~ ~ .~~~~ II11 ~~~



• I 0)
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)

0)

r 1
• r 4

co 0)
LjJ cD 

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

C )
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  0)

0)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  Co ‘—40’)
• 

~~~

C )  _ _ _  _ _ _  _ _ _  _ _ _  Lf)~~~___________ — 0)

~ 1
_ _ _  I _ _ _  _ _ _  _ _ _  _ _ _ _  _ _ _) 0)~~-’I -—

u-i •j~

• 

—

I z ~~ i
• I _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

U

It) (ii ir~

I II 
_ _ _  _ _ _  _ _ _  

Ii,
0~

-uJ
~-J LU

II II
* (O~~

i~~) ~
) — ~

) U~
) 

~Lt) CO ~~
— F- CO Co

I I I I I I
u1Hp 9

LI -

- 

- 

-~~.—

-. 

~j



.
~~~~~—

_
~~~- 

1

•zr
0)

L L I •

CN ~~ ______  _____  ______  ______  ______  ______  
Co

C)

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)

0)

~~~ 14.1

( • ) ‘-4
0

J 
~~ 

a)
0

~~~~~~~~~~~~~~
‘--4

U

~~~ U)
1-l

4 1
LL~ 0 .

V
< U) Q)

_ _ _ _  

I i  
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

Z ~~~

_ _ _  _ _ _

C )
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

~~~

‘ 3
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

E~

• ( )  
_ _  _ _ _  _ _ __ _ _ _  _ _ _ _  _ _ _ _  

E~ 0 0
.1.4 —I

• ‘0 1.4
• z

I 
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ~~~ H W Q .

CSJ E~ ~
11.1 4 J 5
0 ~~~~~

z ~~w
~~

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
UIt)

~~ w

c..J

0-
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  ~~ = It)• uJ ~~

~~J LiJ
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  - — I -

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  —

__________________ _________________ __________________ __________________ __________________ __________________ 
II II

It) U, U,
It) CO CD F- F- Co CO

I I I I I

uigp 10

I

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~- E ’~~ ILrI~~~



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

F-f...’
L U N  0’)
LL~~~~ I _ _  _ _  _ _  _ _  _ _  _ _

C’-J Z~ __________ __________ __________ _________ __________ __________ 
CO

I-I c~ 
w

c.’j

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)
0’)

4-4
0

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  U,
0)

C)
~~

~~~~~~~ C)c -
~~

‘-I
U ~__ x c

Co
.1-I

U) U)
_ _ _ _  _ _ _ _- F- H

~~ 0~~~
_ _ _  _ _ _  _ _ _  _ _ _  

_ 
‘0U - i a )

_____  ~~~
, E-~ ~~~~~

i•:x: ~
4 1 z

I E-~ 
11)0

_____  _____  _____  _____  _____  _____  _____  
•1-1 -1-4

C~J C)
( )  H

— ~~~ 4.1 5
C fli~~-4

U, z E W
~~U U~~~

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  — 
a)

-w  ~~ •1-4

~~J LLJ

_ _  _ _  _ _ _  _ _  _ _  _ _

II II

It) U, U, U, -~it) CO CD F- F- Co Co
I I I I I I

11 

- 1% ~~~~~~~~~~~~~~ .~~~~~~~~;L- -. ~~~~~~ 
- 

~~— 
-- -; ..- .

~~~‘ ~~~~~~~~~~~~~ - -  __--.-—_---._ 
— - — ______ -_ -A



c- .j r-~ ______ ______ ______ ~~~ J ______ ______ 
CO

r-- -4 C-J ~~~~~~~~~~ 1
C l  0)

4-1

(
II 0

‘4-1
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)

C )  0) 1-4

— _ _ _ _  _ _ _ _  0
~ a)

< .1 
0

_ _  

;~ 

0 

_ _  _ _  _ _

— _ _  _ _ _  _ _ _  _ _  _ _ _  _ _ _

El
.,.4 •1~4

~~~ 
‘0 4-4a)

H
_______ _______ _______ _______ _______ _______ _______ 

__ El
~-4 a)

~~~ 4 . 15
( )  

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

0 (I~~•.-l
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  -4 4 . 1

El
Z

< I  —

~~~~

- _ _  _ _

0~
w

~- —

11 11

U, = U, It) it) ~~~it) CO F- F- CO CO
I I I I I I I

12

- 
~~~~~~~ 

~~~~~~~~~~ • 
~~~~~~~~~~~~ ~~~~~~~~~~ 

-



Co
CD 0)

0)
CD 4-4

0
‘4-4

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)
0) -4a)

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
0

a)
0

~ -.4

_______ _______ _______ _______ _______ _______ _______ It) U (Ii
0) >< c

.1-I

~~~~~
U) ri-i
H

‘ F  44.,
I-i-) C .
El V

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  — W a )
Co Z C 4 - ~H O f r i

0
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  = ~~~ 4J~~-4

0 F- 0 ~~V

_____  _____  _____  _____  _____  _____  _____  — El fl -i --i
‘I CD ,~-i:~~~

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  El 11)0

_ _ _ _  ‘ 1  _ _ _ _  

~~~
a)

H a ) Q A

_ _  _ _  _ _  _ _  _ _  

_ _

~~
;I

~~~

1

~

_ _  _ _  _ _  _ _  _ _  _ _  II II ,~~~~
c1O~~~~

U~) U, It) it)
U, CO F- F- CO CO

I I p I I I I
wSp

13

~~~~~~~~~~~~~~~~~~~ ‘ l \ . ’ L.~~~~~~4 ., • . 
- % I  ••~ —

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

- -•-__— __



—J Lu
• — I--

-
_ _  _ _  _ _  _ _  _ _  _ _  _ II U~~~~c~: :Joc~

I I I I I I I
wSp

14

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .±~~~~~~4 ___
• -_ _

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

IL~~ , i  ~~~~~~~~~~~~~~ -~~ -~~--I.IL 
1’



- •,.. —*~~~~~~~,-~fl - - - - B

0)
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

0)
0’s0)

C~4
0)

U J C D .  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

U I Co
_ _ _  _ _ _- _ _ _  _ _ _  _ _ _

‘-~~ ~~
_\ 0)

CD

_____  _____  _____  _____  _____  _____  _____  CoC)

0 a)
______  ______  ______  ______  ______  ______  ______  U-) ~~~

cz~ cr-i
U ~

~~~~~~~~ >I~~~~~~tp
~~ --I

In
u-i
H 44-~

_____  _____  —— _____  _____  —~~~~ CO O V1 C)
El

_ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  <Z
H 4~J~~ -4
0

c.O ~~C
~~~ El -J ’D

I’~l~ 
14) 0

_____  _____  _____  _____  _____  _____  _____  ~C
~~~~

-
. El V~~4-i)

— —

~~~~~~~~ ~~~H .
~ 4 a )

El
(ti ’-4

~~~ .-4 4i
0 :i

El
_ _ _ _  _ _ _ _  —— _ _ _ _  _ _ _ _  _ _ _ _  Z U4- ~• —

U

_ _  _ _  _ _  _ _  _ _

I )  

ii~~~ _J ‘-,
4 

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _

________________ ________________ ________________ ________________ ________________ ________________ — 
II II

~~J Oc ~~

It) It) U, U~) ~~~U-) CO CO F- N- CO CO
I I I I

U’S p
15

I

~ 

~~~~~~~~~~~~ 
-.• -*- . .v,. --‘ . -,..-



_ I—--—---.- - - -- -
~~~

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

~~~~

_ _ _ _ _ _  _ _ _  _ _-  ___  _ _ _  _ _ _

t’rm .r _____  ______  ______  ______  ______  ______

0) 4-1CD 0
‘4-1

I-I
_______ _______ _______ _______ _______ _______ 0) a)

C)
0 a)

~~~ 0

U ~
ri-i .,.4

U,
(1)

~~~~ H 4-1 •

a)
El
< O r a

~~~ 
~~H 4J .,4
0
~~

F- 0 ~I— 4
1,-I

El 4-~ ’0
~~~ 

,a:

~~
~~~ El V~~a)

i:~-i a ) Q~
_______ _______ _______ _______ _______ _______ _______ — 

z ~~~ - H .
~. 4 a )

El .1~~5

_ _  _ _  _ _  _ _  _ _  _ _  _ _  

c\J
~~~~~~o:

• a)
4-4_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  - U,

C )  0’
I 1.4

_ _ _ _  _ _ _ _  _ _ _ _  

< I____ _ _ _ _  _ _ _ _C~J

—. .—  _ _ _  _ _ _  _ _ _

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  — I-

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  —
Pi ll

U, = It) U,
U-) CO CD N- F- Co Co

I I p I I I I
W
~
p

16

$

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~i~~i:. 
~~~~~~~~~~~~~~~~~



~ .- 
~~~~~~~~~~~~~~~~~~

I 
4

LiJ CD 
_ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _u- I

CD
C D C D  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

CO
0

CD

-4
C)

_ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  0)

1 0) U4
_ _ _ _  _ _ _ _  _ _ _ _  

< I ___ _ _ _ _  _ _ _ _  

0
( )

U c

_______ _______ _______ _______ _______ _______ _______ U~) r-~ -H
0) U)

0 rf2
H

~~ 0 C c;
C)

E
<

• ~~~ - H O

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  = 4— _4J .•-l
Co ri~C
— 4-4
F- El

< 11)0
_____  _____  _____  _____  _____  _____  _____  ~~~ -H -H

CD El
C)

_ _  _ _  _ _  __  __— __  __
(4) -H

1i~
_______ _______ _______ _______ _______ _______ _______ o ~~5 4 ) )

E~
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

U~~J

~~~ 

(-I-)

I t  
—__ 

—

I : .  -_ _ _  It)

C~..j

C—
______  ______  _____  ______  ______  ______  

_ _
~ It)

< I  =— .  —

_ _  _ _  _ _  _ _  _ _  _ _  
11 11

_ _

C )
_ _  _ _  _ _ _  _ _ _  _ _ _  _ _ _

it) U, U, U-)
U-) CO F- F- CO CO
I I I I I I

a’s’)
17

I

- I



-

~~~~~~~~~~

0)
HC ~

_ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
COrr~ 0’)

C)

_ _ _  _ _ _  —— _ _ _  _ _ _  _ _ _  _ _ _  C)

0)

_ _  _ _  _ _  _ _  

0 
_ _

_ _ _ _  _ _ _ _
C )

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  = H
CD C

~~
~~ C -H -H

s-I
El

—4:- t ~El V~~
~~~ a)

ri~z >
4-4 - H a )

~~ El - E

cx., ~ 4 4 J
4 0 ~4 1 S a )

El
I Z U4J

ri-i
C~)— — — U-) ~~ri-i ~ -
~~i ‘—4

-
,

- — -H• 0_ cx.,
• 

_ _ _  _ _ _  _ _  _ _  _ _ _  _ _ _  
U-)___ ___ -___ —__ ___ ___ - w

-Jw

_ _  _ _  _ _  -_ _  _ _  _ _

_ _

( )
_ _  _ _  _ _  _ _  _ _  _ _

-J U~) it’) U-) it) ~~~it) (0 N- F- CO CO
I I I I I I I

uisIP

18

p
4:
I

________________________ 
_ _ _ _ _ _  

- :~~ ~~

- - 

~~~~ 
.-1

~ 
~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

<1I
F-f.’ 0)

UJC)
LL I 

_________ 
CO
05
C)

< i  C )
CD

C )
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ~~~~~~~~~~C O O

4-1

~~~~
El 4~~V
‘~~ ( f l O
Z

~~~~El
• 

~~~~
- a)

C%J~~~ ~~~~
S W

El
_ _ _ _  

Z
U

~~U,~~
a)
4—1

14 
______ ______ ______ ______ ______ ______ ______• 

-• -H
ri.1

0~
_ _  ~~~~~= U,

LU

I- _J
_ _  _ _  _ _  —=I-~~~~li ii

U-) U, it) = It)
U, CO CO F- F- Co CO
I I I I I I

19
I.

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



• - - - . - T . T ~~ TT.~~~~ 
- — - 

~~~~-• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - •

e

0)

_______ _______ _______ -_______ _______ _______ _______ 0)

0

_ _  _ _  _ _  

~1 
I 

_ _  _ _ < c I a
Z - H O
H 4 J H

- - — 0
CO

C) -H -H
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _- 4-4

El -IJ V
_ _ _ _  _ _ _ _  

4, 
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

14) 1 1) 0
Z ‘H -H

_ _  _ _  _ _  _ _  _ _  _ _  _ _  

E l
=1— ~~

____________ ____________ ____________ ____________ ____________ ____________ - II II

Ii ,

20

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-

~~~~~~
• -- 

~~~~~~~~~~ •~~~

-

~ ~~~~~~~~ IL ::
_
~~

_
~~ 

“

~~~~~



‘
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

a)
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)as0)

_ _ _  _ _ _  _ _ _  _ _ _  

C)

u - i  Co
L.r\ Lf.’ 0)
C~. . i r~~CD

_______ _______ _______ _______ _______ _______ _______ 0’) 
4—i

C )  0)
/ ‘-I--I

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  CO
‘-4a)

_ _ _  _ _ _  
( 4  

_ _ _  _ _ _  _ _ _  
0

• rL-i -H
U,

U-i
H (4.4

C )  CO
a)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ~~~~~ El ~~~~ -‘-~

I.—. .~a: o r a
Z - H O
H .4.1 -H

CD 0
~~

~~~ C - H - ~-1

5-1
El 4~~V

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  ~~~ 0)0
~~~~

- Z -H -H
I, - El V S-i

~~~ a)
ri

• ~~~
H - H a )
El 4 .15

• I a - H
~~ 

,~4 4 j
C ~S a )

= El ~~~~— Z 04 J
ri-i
U

• . U-)
ri-i s

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

U
5-4

8 I

— -H

_ _  _ _  _ _  _ _  _ _  _ _

LU

_J LaJ

=1- ~~~
_ _  _ _  _ _  _ _  _ _  _ _  

Pi ll
(O~~

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  C,

it) = U, C, U, C, U,
it) CO CD N- N- Co CO

I I I I I I I

u-isp
I 

- 
21

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~ T~~ ~



— ;~~~~Z-~~r ’ - • Z rZ Z Zr~~~ — ’~~~~’~ —-~~~~- r— rvt.!~~ -~~~~~ ,—- - .1-~~~~~

-

0~)

CO
u - I  as
~~~~~~ I )
C~ F-~ \

C)

~~~ 
‘-4
a)

_ _ _ _  _ _ _ _

( )  0 a)

C )  U)
U)

______  _____  _____  _____  _____  ____  _____  
C, H ‘4.4

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  — CO ri 
°‘~~

El ~~~~~
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  C,~~~~ 0 1 4 )

N— ~ -HO

cx., ,—4 .4J
‘-4~ 

0 ~5 4 ) )
El

_ _ _  _ _ _  _ _ _  - 9 Z  U -IJ

U

U-) rx-i( )  p-i -4

a)
4 5-4

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0 - —
LU

_-- - l -~~~~ -
~ J LLJ

_____________ ____________ ____________ ____________ ____________ ____________ - II II ~~~- (0  ~
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  C,

C, it ) C, U, C, U, C,
it) CO CD N- N- CO CO

I I I I I I
U15p

22

I

;

- I ~~~~~~~~~ - _ _ _  

-



_

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

- - -— -

~~~~~~~~

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

CD
C-”

~~ 0)
u - C D  -

u - i
N’.’ Co

Lf.’ NTh as
0)

CD

_ _  _ _  _ _  _ _  _ _  _ _  _ _  C)
0)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  -4
a)

C ) 0 4))
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

U’

I’— Z - H O
I-I 4-) -H

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  C, 0
CD ~~O -H -H

~~~ El 4~~V
~ 11)0

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  C, ~~ -H - H
• 

~~~
- El V S-i

- a)
_ _  _ _  _ _  _ _

H - H a )
El ~~~~_____  _____  _____  _____  _____  _____  _____  C, f 4 ) .H

I I C )
1 ’ 0 ~S W

El ~~ .c
I - _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  C, Z Q 4J— ri-i

U

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

4--i
.C - ,-.-I

-H

LU C,
— I --

—)~~~~--
II II -~~~~

it) C, U, C, U, C, U,
U-) CO CO F- F- CO Co

I I I I I I I

U1SP
- 23

I
_______________________ ___________ ‘~~~~~~~ 

- ,



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

0)
HL~~ 

— _ _ _  _ _ _  _ _ _

_ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  
Co

N- cr as
c-si c-~ 

0)

‘4-4

‘—I
a)

4 )  0 4))

0
U’
U’ 14)

( )
U’ -H

U-i
• U)

~~~ H ~-4-4‘ ,
U’ 4))
El c -’-’

• N- ‘<d Z - - 0
H 4-I- H

• —~~~~~~~~ 0

_____  _____  _____  _____  _____  _____  _____  
C -H -H

_ _ _ _  
s—I

E-~
C, ~~ 

(1) 0
,
~~

— ~~ -H -H
El V S-i

___ _ _—  It) U’ C
ri., IN

C)
- C-I-.’

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  - —  -H

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  
it)

LU -
~~~~~~~~~

~~J L U

=1-
_
~~~~

_ _  _ _  _ _  _ _  _ _  _ _  
II ll~~~~~~~

U-) C, U, C, U, C, U, C,
U-) CO CD N- N- CO CO

I I I I I I
U15 p

24

_____ - — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ •‘ L~E! - ‘ “~~~~~~~ 
‘.

~~~~~~ 

-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- - - -

1 ~1_ 
_

~~~ ~0 0)
u -C D  _ _  _ _ _  _ _ _  _ _ _  

-

u - i

_ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
CO

OO cD - as0)
CD

I I]

_______ _______ ______ _______ _______ _______ _______ C) 1-1

0) 0
‘4-1

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  CO
0) -4C )  a)

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

C >  

_ _ _ _ _  _ _ _ _ _

( )  Z - H O
H 4 - H

• _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  C, 0CO 
~ .Q s:
0 -H -H

• _ _  _ _  _ _  _ _  _ _  _ _  _ _

El
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  

1< C O O
_____  _____  _____  _____  _____  _____  _____  C, ~ -H -H

• El V s--i

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  
U,

.~J LLJ
—I-

4 =~~~- —_____________ ____________ ____________ ____________ ____________ ____________ - Ii II

C,
C-

U, C, U, C, It) C, U-) -~U, CO CO N- N- CO CO
I I I I I I I -•

ui5~
)

25 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
-- 

~~



I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~

---

~~~

~ t C D

_  _ _  _ _  _ _  _ _  _ _  
Co

— as
CD 0)
CD

5-4
______ ______ ______ ______ ______ ______ ______ 0) 0

0) ti-i

4 )  N— H 4-i -H
0
~~< I  0 -H -H

s--i
El 4-~ V
‘~ C O O

1 ~~ -H - H• El V S-i

_  _  _  _  _  _  _

U
• I . ’

U’ (NIt) p.,
a)
5-4

-rI
______  _____  _____  _____  _____  _____  —

C-
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  -

LU

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  ~~J L U
— I--

* _ _  _ _  _ _  _ _  _ _  _ _  

I— _J 
—

li ii
(0~~

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  C,

U-) C, U, C, U, C, It) C,
It) CD CD N- N- CO CO

p I I I I I I
U’sp

26

— -
--—

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~~i~ ~~~~



—~~~ 

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

0)
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0)as

0)

CD
CD

0)
~~~~ CD _ _ _  

-

~~ 4
(N Coc~ r—~-~ os(N 0)
CD

_______ ______ _______ _______ ______ _______ ______ 0)
0)

( )  (I~4

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  Co0)

0 a)
_____  _____  ______  _____  _____  _____  U) U’ ‘-4

0) 0

U’ Ia

~~~~~
U 

~>c b~
U’ —I

U)
ri-i

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  C, H ‘-l--l •
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  1. CO

C )  U’ a)
El c 4-’

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
C, ~ o r aN— Z - H O

H .1.1 -H

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _ _ _  
C, 0

( I I CO 
~‘ I  0 -rI -H

~~~ El
~ 11) 0

_ _ _ _  _ _ _ _  ~~~ -H-H
El ‘Ci 4--4

_ _ _ _  _ _ _I )  — — -~~~~~~~~

H - H a )
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

C, El 4~) 5
—

~~~~~~~C’~J 44) -Hp.,
0 :i

_ _ _ _ _  _ _ _ _ _  
El ~~ c
Z O4 - ~
U’

_ _ _  _ _ _  _ _ _  ~~~~ p r n

C )
_ _  _ _  _ _  _ _  _ _

• C)
_ _ _ _  

-H
_____  _____  _____  _____  _____  _____  — ci.,

~~J LU U,
~~~~~~~~~~~~~~

______________ ______________ ______________ ______________ ______________ ______________ • Ii Ii

_ _  _ _  _ _  _ _  _ _  _ _  -

i t) C, U, C, U, C, U, C,

CO CO F- N- CO CO
p I I I I I

27



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

VI. CONCLUSIONS

Experiments designed to test whether antenna tilting would be
effective for reducing either the depth of fades or the amount
of time of deep fading over the YH path show that the technique
would not improve performance. The results support the general
hypothesis that antenna tilting is not effective over paths
with relatively flat or convex terrain profiles. This is con-
sistent with the expectation that antenna tilting would not
effectively counter diffraction fading nor mu1~ipath fading whenthe difference in angles of arrival of the direct and reflected
paths are a small fraction of a beamwidth.
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