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FEDERAL AVIATION ADMINISTRATION
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE

SPECTRUM MANAGEMENT BRANCH

STATEMENT OF MISSION

The mission of the Spectrum Management Branch is to assist the Department of
State , Nat ional Telecommunications and Information Administration , and the
Federal Communications Commission in assuring the FAA ’s and the nat ion ’s
aviat ion interests with sufficient protected electromagnet ic telecommunica-
tions resources throughout the world and to provide for the safe conduct of
aeronautical fligh t by fostering effective and efficient use of a natural
resource——the electromagnetic radiofrequency spectrum .

This objective is achieved through the following services:

Planning and defending the acquisition and retention of sufficient radio
frequency spectrum to support the aeronautical interest of the natic~o, at
home and abroad , and spectrum standardizat ion for the world’s aviation
community.

Providing research , analysis , engineering , and evaluation in the develop-
ment of spectrum related policy, planning , and standards , cri teria , mea-
surement equipment , and measurement techniques.

Conducting electromagnet ic compat ibility analyses to determine intraf
intersystem viability and design parameters , to assure certification of
adequate spectrum to support system operat ional use and projected growth
patterns , to defend aeronautical services spectrum from encroachment by
others , and to provide for the efficient use of the aeronautical spectrum.

Developing automated frequency selection computer programs/routines to
provide frequency planning , frequency assignment , and spec trum analy sis
capabilities in the spectrum supporting the National Airspace System.

Providing spectrum management consultation , assistance , and guidance to
all aviation interests , users , and providers of equipment and services,
both national and international.
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INTRODUCTION Administrat ion (FAA) to proh ibit the
use of the aeronautical spectrum by
CATV systems until adequate enforce—

PURPOSE. ment regulations were developed and
the state—of—the—art of leakage moni—

The purpose of this project is toring became adequate. Consequent ly,
threefold: (1) make airborne measure— information was required to develop
ments to determine field strength of procedures and criteria to minimize
interfering signals result ing from interference to aeronautical radio
leakage radiat ion in cable television services from CATV signal leakage.
(CATV) systems ; (2) in cooperat ion
wi th the Federal Communications DESCRIPTION OF AIRBORNE TEST
Commission (FCC) and CATV industry , EQUIPMENT.
provide airborne meas uremen t suppor t
for the Institute for Telecommunica— Two measurement systems were employed
t ion Sciences (ITS) airborne measure— in the airborne tests. The Tektronix
men t system; and (3) provide digital processing oscilloscope (DPO)
information for the determinat ion of and the ITS measurement system. The
the feasibility of predicting air— DPO is a broadband system while the
borne CATV interference from ground ITS is a narrowband system .
meas uremen ts onl y.

The pri mary measurement system
BACKGROUND. (figure 1) used in the CATV investi-

gat ion was a DPO which employs TEK
In the interes t of prevent ing leakage signal processing system (SPS) BASIC
in CATV systems from interfering with software . The software retains many
airborne receivers , Systems Research of the standard features of the
and Development Service (SRDS) has original Dartmouth BASIC . With the
req ues ted an inve st igat ion of CATV SPS BASIC high leve l suppor t package ,
interference be accomplished. The the user is able to write drivers
importance of the problem was appar— with BASIC language commands used to
ent from interference uncovered at control and handle data to and
Harrisburg, Pennsylvania. In Apr i l  f r om t he DPO s y s t em p e r i ph e r a l
of 1976 , airc raft using a newl y devices.
assigned approach con trol freq uency
exper ienced CATV in terference from The storage medium selected for the
the local CATV system . Four p ilot system was a dual—drive floppy disk
carrier frequenc ies operating in which employs flexible Mylar disks
different parts of the system pro— with magnetic surfaces as a recording
duced audio heterodynes in airborne medium . One diskette can store
receivers. Laboratory test results 256 ,000 bytes (8 bits each). Maximum
showing the susceptibility of air— data transfer rate is 27,500 bytes/
borne receivers to CATV signals are second .
documented in reference 1.

A scope , processor , and spec t rum
In April 1977, the FCC rejected the analyzer are contained in the ma in—
recommendations of the air transport frame . The processor has an analog
industry through Aeronautical Radio , signal interface , analog—to—di gital
Inc. (ARINC)/Air Transport Associa— (A/D) and di gital—to—analog (D/A)
t ion (ATA) and the Federal Aviat ion converters , a memory to store dig i—

1 
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t ized waveforms and alphanumeric sensitivit y in combination with a
informat ion , and a d ig i ta l  asynchro— t r a c k i n g  g en e r a t o r .  The spec t rum
nous paralle l bus. The bus allows analyzer and generator provide dot
the digital devices to work indepen— marker funct ions. The generator sweep
dently or in concert . Device prior— rates are controlled by the spectrum
ity is established by a serial line , analyzer and the output level is con-

trolled from the tracking generator.
The fron t pane l of the processor is The output frequency of the generator
f un ct ionall y d i v i d e d  i n t o  t h r e e  is the same frequency as the analyzer
sections: Disp lay Source , Data at any instant of the sweep. The
Ha ndling/Memory Locat ion , and Progr am aux i l iary output  is used to drive the
Call, frequency counter wh ich reg isters

from 50 Hz to 550 MHz with a pro—
1. D i s p la y So u r ) ~e .  T h e s e  p u s h  scale r to g ive pr ec ise freq uency
bu ttons select the waveforms from measurements.
memory and/or plug—ins .

The controller is a minicomputer with
2. Data Handling/Memory Location , a versatile instruction set and a
These buttons control the Start and memory of 28 thousand (K) 16—bit
Stop of the waveform di g i tizing words. Front pane l funct ions are
process and choose the memo ry loca— R U N / H A L T , RESTART , AND P O W E R .
t ion and which waveform is to be Indicator lights indicate the state
displayed . of the processor , t he  b u s , and

the power supplies. All address/data
3. Program Call. These are three functions are performe d on the
bu ttons that indicate CPU BUSY , graphic terminal. A read—only memory
RESET , and CONT. (ROM) progra m in the controller

allows extensive controller—terminal
The remaining 13 p u sh bu tt ons are communication. The hardware and
users definable and g i ve  re m o t e software interfaced to the controller
capabilities over the ex t e r n a l  allows program con trol of data
controller. These buttons allow the acquisition and analysis.
calling of special programs or sub-
rout ines. An overlay can be used to The machine—language instruct ion set
label buttons for special programs . for the controller is practically

ident ical to that of Digital Equip—
The spectrum anal yzer is basical ly a ment Corporation (DEC) PDP—11/40. By
tuned receiver with selectable removal of the small grant cont inuity
frequency ranges , spans , intermediate cards , empty slot s are available for
frequency (IF) bandwid ths , and a the addition of DEC circuit boards
linear or log detector all integrated coupling into the LS—ll bus. With
into the scope display. Additional the addition of a DEC ADV II—A A/D
characteristics include: full y converter circuit board , 16 single—
calibrated disp lays , with 1 kilohertz ended inputs can be accommodated.
(KHz) to 1800 megahertz (MHz) in one At each input a full scale range of
disp lay,  30 Hz to 3 MHz resolut ion, 10.2 volts (v) bipolar (— 5.12 V to +
70 decibels (dB) on screen dynamic 5.12 V) can be tolerated. Only two
range , intermodulation (IM) distor— inputs were required to join the
t ion 70 dB below full screen , and instrument amplifiers receiving the
—128 decibels per 1 milliwatt (dEm ) automatic gain control (AGC) voltages2



to the navigat ion and communications DISCUSSION
receivers .

Posit ion information obtained from TEST PROCEDURES AND RESULTS.
the inert ial navigation system (INS)
was supplied to both the ITS system GENE RAL . Two independent measurement
and the DPO system. The serial systems , one FCC the other FAA , were
output from the INS was converted to used in the airborne CATV interfer—
parallel by a circ uit board fabri— ence tests. Both systems were
cated in the laboratory to supply the operated by FAA personnel during
proper input to the D~C DRy—h cir— the airborne tests. However , the
cuit board . This additional inter— prin ted data from the TI terminal and
face uni t was used to connect the magnetic tape recordings were
pa ra l l e l—l ine  t r a n s i s t e r— t o — t r a n s i s —  released to the FCC fo r  the i r  anal y—
tor logic (Tm) or diode— to—transis— sis and interpretation .
t or log ic (DTL) devices to the
LSI—11 bus. The fligh t patterns emp loyed were

gr id type flown at various altitudes
The ITS data recording system (figure (1,500, 5,000 , and 10,000 ft) over
2) was comprised of the following selected cit ies that would provide
modules: tape recorder , iner tial representat ive samples of interfer—
navigation system interface/clock , ence in CATV installations. Included
fixed tuned receiver , tape recorder in the investigation were new and old
logic circuits , microcomputer , and a CATV installations that would provide
Texas Ins trument (TI) terminal , a good comparison of systems with

high signal leakage levels vers us
Data printed on the terminal were those with low signal leakage levels.
from samples placed in “bins” corre— Results of their interference mea—
sponding to signal levels. The surements would be used to define
equi pme n t h a s  a sam p ling ra te of the affected portions of service
5,000 samp les per 25 seconds. Nine v olumes after communicat ion!
bins were devised with 10 dB differ— navigation . Specific test locations
ence be tween bins to cover the included Atlant ic City and Brid ge ton ,
receiver range of —140 to —50 dEm. New Jersey ; Harrisburg and Coates—
The histogram of the data collected yu le, Pennsylvania; Independence and
was also recorded on magnetic tape . St. Joseph , Missouri; Leavenworth and
Detailed information on the ITS data Lawrence , Kansas; Salisb ury and
collec t ion system is available from Hagerstown , Mary land ; and Arlington ,
the FCC. Vir ginia. In addition , a n t e n n a

calibra t ion tests were accomplished
Figure 3 dep icts the airborne system for the FCC at the National Aviation
c o n f i g u r a t i o n  used for  da ta  co l lec— F a c i l i t i e s  E x p e r i m e n t a l  C e n t e r
t ion. The antenna locations are shown (NAFEC) and Forbes Field in Topeka,
in figure 4. The ITS equipment was Kansas.
connected to the forward antenna
while the FAA equipment was connected BROADBAND FLIGHT TEST DATA COLLEC—
to the other. TION AND ANALYSIS. The DPO system

3
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~n t h i e n t  no) iso ’ leve l ~~~~ ~5 l I e0 of  (lit ’ i i ’~~ t i t ’ i . I l i t ’ I ti,i ~ cl i n

It o ’ t a b  I i ’s wt ’i o’ ( i t t ’  f b i) l o ’ Cf Vil t ’ i R i t i .’ t ’
h o t  ii the  Ii#irr i shurg 5flol At I tint Ic C u t v 

~~ d ( I t o ’ F r ul t I 0 o’ ~i 1 e U I at oil as
cable systems have h~~ n in opo ’r:It 1 , 1 1 1  t ot l O W S

for more than IS y e ar s  • as compared
t h e  sys t ems  m o a a I i r i ’t i  i n  ( i . e  F — (S’l’/V)/(SR/(N—V))

m i d— w e  at wh I t’h have bet ’n opo ’rui t t ng
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where : ST — between treatment sum of the beachfront. The grand mean (C/N)
squares for the 1,500 foot data is —76.13

V = degrees of freedom dBm .
SR — wi th in  t rea tment  residual

sum of squares Single runs were made at 5,000 and
N total number of observa— 10,000 feet , respect ively, and a

t iOfls comparison between the two runs are
shown in table 2. As shown , substan—

The group mean was calculated from tial difference exists between the
the tables and equals the grand total two means. Run 8 was made at 5,000
of all observations (C) divided by feet while run 9 was at 10,000 feet.
the total number of observation s An appropriate decline in signal
(N). level was meas ured which would

indicate that the leve l of signal
ATLANTIC CITY FLICIITS. The course from other sources was low and that
flown at Atla~it ic City is shown in there was no  s i gnifican t ph a s e
figure 12. In figure 13 , runs 1, 3, addition of individual CATV leakage
5, and 7 are plotted from fl y ing sources.
course No. 1 , while runs 2, 4, and 6
contain data from course No. 2. The HARRISBURG FLIGHTS. The fligh t grid
start of each data plot is on the of Harrisburg is shown in figure
right. Geographically, the end (left 18. In figure 19 the 1 ,500 foot data
side) of odd numbered runs corre— p lot s are those runs flown roughly
spond with the start of even numbered parallel to the course of the river.
runs at the righ t of figures 13 Figure 20 depicts the data for runs
through 15. The even numbered runs flown perpendicular to the river. As
exhibit significant changes in level expected , run 3 shows a higher leve l
in the first half of the data and are than the others in this set. The
at a lower level. The converse is higher level is confirmed in table 3.
true for the odd numbered runs. However , run 9 in table 4 due to its

locat ion over the city was expected
Representat ive images of the spectrum to be at a high leve l , but was not.
analyzer are included in figures 16 Run 11 , the run with the highes t mean
and 17. As may be seen in these for the second set was flown perpen—
figures , the CATV radiat ed signal at dicular to the first set and was also
117.999 MHz is substant ially above the farthest from the center of the
the noise level. city. For p lot s of runs at 5 ,000 and

10 ,000 fee t , see fig ures 21 and
The statistical treatment of data is 22. Anal ysis of these runs are
made for each altitude . The esti— presented in table s 5 and 6.
mated mean is computed for each run
(single pass across the city) and the The grand means for the runs at
data is then tested for significant 1 ,500 , 5,000 , and 10 ,000 feet
difference in the means by the were —88.16 , —91.86 , and —82.98,
reference distribution and the F respectivel y. The grand meai-5 ex—
test. The only surprise in the data cludes run 17 in which the DPO
was in table 1 for run No. 1 , which apparently drifted off frequency from
registered the hi ghest mean even 117.999 MHz and had a calculated mean
though the fli ghtp ath for the of —143 dBm. The sing le run 16 was
run was not over the city but along approximately over the same course

5 



as run 3 and , ther e fore , could be VOR Morse code identificat ion. The
expec ted to be a high level. No Harrisburg VOR is approximately 50
exp lanat ion cou ld be found as to why nautical miles (nut i )  front Hagerstown .
run 15, over the same course , did not Subsequent tests by the FCC confirmed
also show a high mean . The repre— that the CATV was responsible for the
sentat ive spectrum analyzer images heterodyne. No other effects to the
are presented in figures 23 and 24. VOR system were observed during the
The 117.999 MHz CATV si gnal is flight test.
clearly seen above the noise level
and occupies a significan t port ion of GRAND MEANS COMPARISON. The resolu—
the swept spectrum. t ion over wh ich the maximum desired

signal was selected was approximately
COATESVILLE FLIGHTS. The flight grid 20 kHz and iS representative of a VOR
of Coa tesville is shown in fi gure receiver resolut ion. The grand means
25. The da ta for Coats v i lle are for cities/airports was found to be
representat ive of cities for wh ich significantl y diffe rent. This
the 117.999 MHz CATV signal was not d i f fe rence is largely due to the
apparent in the spectrum anal yzer ambient noise signals appearing in
image. No plots of data are shown the measurement resolution and not to
since no signal rises above the noise the difference in CATV si~~nal
level. Statistical treatment of the measured. Table 12 presen ts these
data is tabulated in tables 7 grand means for comparison.
through 9. The grand mean for the
signals is —94.6 dBm. This leve l LABORATORY VOR INTERFERENCE TEST.
represents the peak leve l of noise The frequency interference measure—
rather than signal. ments were accomplished using the

eq uipment configura t ion shown in
HAGERSTOWN FLIGHTS. The flight grid figure 27. A minimum very high fre—
of Hagerstown is shown in figure 26. quency omnirange stat ion (VOR) signal
In tables 10 and 11 there are no of 5 ~iV was selected for the labora—
significant differences between the tory test which is the signal leve l
grand means of runs 1 to 13 and runs emp loyed in FAA airbo rne checks.
21 to 27 which have means of —86.9
dBtn and —86.8 dBm , respectively. The The signal levels that will cause a
radiated signal was not seen on the “flag ” indication (nonoperational
spec trum analyzer even when the status of the receiver) are shown in
several dipoles were attached to the figure 28. Signals as low as —109
CATV sys tem. An additional test dBm and —106 dBm will cause a flag at
was cond ucted at Hagerstown to +30 Hz and +9,960 Hz, respect ively,
de termine if a he terod yne sig n a l  from the tuned receiver frequency.
existed on the VOR receiver audio These effect s are the result of zero
output when tuned to the CATV pilot beats occurring between the interfer—
carrier. The pilot carrier frequency ing signal with norma l carrier and
was the same as the Harrisburg VOR , subcarrier from the VOR. At all test
112.5 MHz. The result was an audio levels , it was found tha t if the
beat frequency which was received on interfering signal was modulated , it
the VOR test receiver at 1 ,500 feet was audible when the receiver audio
(460 meters (in)) and above to 10,000 output was monitored with earphones.
feet (3 ,050 m). At t imes the hetero— Additiona l laboratory analysis is
dyne was strong enough to block the found in reference 
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It can be infcrred that leakage from information was gained from the
a CATV system radiat ing at a fre— receivers ’ AGC recording.
quency employed by a VOR stat ion can
cause the receiver to be unreliable . The VOR navigation receivers were
This is particularl y true , if the not operated because the frequency
aircraft is over the on—frequency selected was not within the VOR
CATV leakage area and the VOR re— frequency band. The frequency,
ceiver is tuned to a distant VOR 118.0 MHz , used in the FCC fixed
stat ion. The field intensity availa— tuned receiver was selected to avoid
ble f rom a distant VOR stat ion can be FM interference observed when the
obtained front figure 29 which was receiver was tuned at 108 MHz.
extracted from reference 3.

UNCERTAINTIES. Due to an INS program CONCLUSIONS
variation , no INS data were recorded.
The loss of INS position information
had little effect on the value of 1. Fli ght—test data indicate that
other data recorded. The principal television cable systems, except for
DPO problem appears to be the equip— Atlantic City and the old (reportedly
ments inability to deal with the being replaced) Harrisburg systems ,
adjacent ambient noise level which radiated at a level equal to or below
varies considerably from city to the ambient noise level and would not
city. interfere with the avionic communica-

tion receivers,
The tests for Arlington were modified
so that the ambient noise could be 2. The measured level of noise
measured separa tely from the on varies approximately 20 dB based on
f requency in terfering si gnals. the flight—test data at 1 ,500 fee t
Unfortunately, a failure in the DPO above cities tested .
prevented recording with the broad-
band equi pmen t. Also an error 3. Laboratory tests indicate that
resul ted from a computer program VOR receivers will experience inter—
problem that caused every value of ference at levels as low as —109 dBm
the 11 th sample to appear to be to —106 dBm at 10 KRz off frequency
several dB higher than those preced— from the VOR carrier. The inter—
ing and following . The effect was not ference may be either in the audio ,
great since it was a small constant flag , or bearing , or a combination of
added to all runs and did not affect the three. Flight tests confirmed
the between run comparison and it the audio interference.
resulted in less than 1 dB effect on
the mean at the —90 dB level. 4. There was correlation between air

and ground CATV leakage measure-
ments which indicates that ground

The communications receivers were measuremen ts are adequate , but in
tuned to 118.0 MHz , and the AGC was conges ted areas where numerous
recorded. However , due to the high man—made structures impose restric—
nonlinearity of the response at the tions on ground measurements, limited
low leve l of desired signal , little airborne testing is a requirement .

7



RECOMMENDATIONS in the avionic navigat ion band (108.0
MHz to 117.95 MHz) 25 KHz from FAA
naviga tion frequencies. The CATV

1. It is recommended that the carriers in the band should be
combined effec t of radiation from required to have a frequency stabili—
all cable television leakage sources ty of +5 KHz (approximatel y 0.004
be maintained below the sens it ivity percentT percent to insure required
of VHF air—ground comm unicat ion separation allowing for drif t between
receivers. In areas of excessive ly FAA and CATV frequenc ies. The radi—
high environmental noise (i.e., at or ated s ignal sho u ld no t exceed the
above the receiver threshold , typical— levels listed in recommendation 1.
ly —100 dBm), radiation fr om CATV
sys tems should not increase the 3. The CATV data base for the
ambien t noise level by more than avionic band should be incorporated
3 dB . These conditions could be into the FAA communicat ions frequency
satisfied by airborne measurement s selection program so as to auto—
made with a receive r equivalent in RF matically detec t con travent ion of the
and IF frequency responses to the 60 nmi separat ion of cochannel usage .
RTCA minimum performance standard for
VHF communicat ions receivers . The
receiving an tenna should be of REFE RENCES
standard commercial grade w ith
approxima tely 0 dB gain over iso-
trop ic and located on the aircraft 1. Harr , T . ,  Haakinson , E. ,  and
per manufac turer ’s ins tructions. Murahata, S., Electromagnetic Compa—
Measurements should be made during tibi lity of Simulated CATV Signals
periods of minimum environmental and Aircraft Navi gation Receivers ,
noise at an altitude not to exceed O.T. Report 74—39 , June 1974.
1 ,500 feet AGL. The CATV system
should be monitored cont inuously on 2. Box , G. E., Hunter , W. G., and
the ground so that new leaks wh ich Hunter , J. S., Statistics For Exper—
could increase the interfering signal imenters, John Wiley & Sons , 1978.
level in the airspace can be detected
and repaired as quickl y as possible. 3. Del Balzo, J. M. and Wil ley, V.

E . ,  VORTAC Relative Field Intensity,
2. The CATV ind ustry should be Final Report , FAA Task No. 115—905—
requested to separate all radiat ion 27, November 1961 .
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TABLE 1. ANALYSIS OF DATA FOR ATLANTIC CITY RUNS 1 THROUGH 7 ,
AT 1,500 FT

Rt1~ UE~~~ ES OF F~z±LWJIl
I —?1.57~~2 —78 .463 1 76

3 -77.9723
4 —76.5772 76
5 —?5.44~~ 1~~6 —77.79w 87
7 —76 .5192 87

~~F~~~NCE DISTRIBUTION. I .  31~~3 FOR 9~~ P~~1~~~ ILI1Y
POOLED I.~~ I~~lCE OF 01€ ~~TITt()E. 41. 

____9.~1 OF ~~~~~~~~~ ST 3~~1.5 SO. 29~~O.8 SR ~~619.3 ~~3.76159E+06
9.11 OF Y~2: 3.791~~E+e6 G -4 ~~~~~.3 N. 649
F RMIO WITh 6~ 643 OE~~~ES OF F~~tt~1N. 13.~~~ 1

Note: SD is the to ta l  sum of squares of deviat ion and SA is the
correction factor

TABLE 2. ANALYSIS OF DATA FOR ATLANTIC CITY RUNS 8 AND 9 ,
AT 5 ,000 AND 10 ,000 FT

RUN PEN4 DE(~~~ES OF FREEDON
8 -OO.~~~~ 8?
9 —91.748

~~F~~~ 4CE DISTRIBUTION. 3. 621~~ FOR 9~~ P~ )~~~ ILITY
POOLED ~~~I~~1CE OF (1€ ~..TITL~ E 334.49
81.11 OF ~~L~~~ S ST. ~~73.63 SO. 71968.2 SR- ~~~~~ .6 SA~
I .491~~ E4~~ ____

SUN OF YA2 : 1.% ~~~t+~~ G~~ 1?1~~~.3 N. 198
F RATIO WITh 1 197 0E~~~~S OF F~~wON. 18.1578

9
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TABLE 3. ANALYSIS OF DATA FOR HARRISBURG RUNS 1 THROUGH 5,
AT 1,500 FT

RUN lE~ 4 0Et~~ F~S OF F~~EDOP~1 -91.7~~1 76
2 —91.6349 98
3 -e3.~~~~ 98
4 -08.4113 98
5 -07 7351 76

~~F~~~~~E DiSTRIBUTION. .9~~~16 FOR .~~~~~~ PRO~~~ ILITY
POOLED W~ 1~~ICE OF OlE fLTITLEE 21.0045
SJI OF ~~~~~~~ ST. 4?~~ .5 SO. 14198.3 BR- 9424.75 S~~
3.52431E”~~ _____SUN OF YA2: 3. 5 BE+~~ ~—39868. 1 N. 451
F RATIO WITh 4, 447 ~~~~~~~ OF F~~EI*)P1. 56.5849

TABLE 4. ANALYSIS OF DATA FOR HARRISBURG RUNS 8 THROUGH 11 ,
AT 1 ,500 FT

RUN P~~~4 OE~~~ES OF F~~E~~M
8 -06.5647 98
9 -92.3935 76
18 -08.~~ 46 54
11 -01.1674 43

~~FE~~NCE DISTRIBUTION. 1.20707 FOR 95~ P~~1~~~ ILITV
POOLED ~~~I~~ICE OF OlE ~~TI11XE. 25.
9.11 OF SQL~~~ S ST. 3769 SO. 10758.3 BR— 6900.25 —

_~.

2. 11921E406
9)1 OF YA2 : 2.1~~ 9?E$~~ G—24140.9 P~’ 275
F RATIO WITH 3.. 272 OE~~~~S OF F~~EOCM. 48.0026

10
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TABLE 5. ANALYSIS OF DATA FOR HARRISBURG RUNS 12 THROUGH 15,
AT 5,000 FT

RUN P€4 OE~~~ES OF H~ ttM)fl12 -93.~~~ 7 87
13 —90.7w 131
14 —92 .0~~~ 8?
15 —92.8~~1 8?

REFE~~NCE DISTRIBUTION. 1 .2~~1? FOR 9~~G PRO~~~ IL~I1YPOOLED 1.~~ 1~~4CE OF OlE ~~TITL~)E— ~~.
9.11 OF ~~L~~~ S ST— ~~~ .75 SO. 1~~7? BR— 15221.3 ~~3.34 14~~+06 

_____8(11 OF Y~2: 3. 3570~~~~~ G —%376 N.
F RATIO 111Th 3, 393 UE~~~ES OF F~~EI~~I. 3.06172

TABLE 6. ANALYSIS OF DATA FOR HARRISBURG RUNS 16 AND 17 ,
AT 10 ,000 FT

RUN UE~ EES OF FI~~ i~~I
16 -82.98 98
1? —143.682 131

~~FE~~NCE DISTRIBUTION. 1.66116 FOR 9~~ FRO~~~ ILITY
P00110 ~~~IANCE OF 01€ ~~TIflM)E— 80.5(11 OF S~ .~~ ES: ST. ~~~448 SO. 22~~~5 BR- 185%.5 ~~3 .  I%~~E.06
SUM OF YA2 : 3.42528E4~~ G -2?181 N. 231
F RATIO WI TH 1, 2~~~~ 0E~~~~~~~ S OF fP~~~E00P$ . ~~~~ .4I

11
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TABLE 7. ANALYSIS OF DATA FOR COATESVILLE RUN 1 , AT 1 ,500 FT

RtJN OE~~~~S OF F~~EDOI1
1 —99.614 142

~~FERENCE OISTR I~ JTIoI4.e.58~~56 FOR 9~~~~ P~~~ BILITYPOOLED ~~R1l~1CE OF OPE ALTITWE.12.5358
SLII OF ~~t~~~S ST=ø 90—1792.63 SR—1?fl.63 ~~ m
1.418%E+06
SIll (iF Ya2 : 1.4287?E+~~ G -14244.8 H 143
F RATIO 111TH 8~143 DE~~~ES OF F~~EIXIN.1.35724E+37

TABLE 8. ANALYSIS OF DATA FOR COATESVILLE RUNS 11 THROUGH 17 ,
AT 1,500 FT

RUN OEl~~~tS OF F~~wOul11 — 182.32? 153
12 —94.2395 153
13 —94 .2083 8?
14 —92.671 76
15 -92.7945 9816 -92.9183 76
17 —94.1306 69

REF~~~~4CE DISTRIBUTION. 1.45624 FOR 9~~C P~~1~~~ ILITYPOOLED (~~~I~~ltI OF OlE ~~TIT%.CE— 54.7182 
____81)1 OF S~L~~~ S~ S1 9545 SO- 48334.5 BR- ~~~‘89.5 ~~6. 51497E+06 

____9(11 OF Y’.2: 6.56330E 06 G—68251 N. 715F RATIO WITh 6~ 700 UELJ&ES OF FREEDON. ~~ .0775
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TABLE 9. ANALYSIS OF DATA FOR COATESVILLE RUNS 17 AND 18 ,
AT 1,500 Fr

RUN OE~~~ES OF pi~HX),l17 —94.1386 65
18 -92.7406 54

REF~~~~iCE DISTRIBUTION. . ~~~484 FOR .~~~~~~ P~~]~~~ ILITV
POOLED ~~~I~~.ICE OF OlE ~ ..TITt1~E. 4.63958
Sill OF S~~.~~~ S: SI- 58 SO- 614.75 BR— ~~675 SA=1~~ 7~~ .e6 

_ _91.11 OF ~~~~~~~ ~~~~~~~~~~~~ G=-11314.3 N- 121
F RATIO WIN 1~ 120 OE~~~ES OF FREEDOM 12.5811

TABLE 10. ANALYSIS OF DATA FOR HAGERSTOWN RUNS 1 THROUGH 13,
AT 1,500 FT

RUN OEL~~ ES OF FREEDOM
I

, 1 -66.9336 54
2 -06.3646 120
3 -07.0148 76
4 —87.0w 98
5 -66.7776 76
6 -86.8892 87
7 -66.3166 43
8 -86.9922 100
9 —87.1478 87
10 -07.8072 76
11 —07.824 120
12 —86.0081 0?
13 —86.8423 76

REFEROCE DISTR IBUTION. .~~~ ?83 FOR 95~ P~~~~ BILITV
POOLED ~~~I~~lCE OF 01€ ~~TITUOE— 2.772979(11 OF ~~L~~~ S: ST. 59 SO- 3137 BR— 39788. 4683~~+06
9(11 OF YA2 : 8.4?14~~+06 C’.-9?475.4 N- 1122F RATIO WITh 12, 1110 UEd~~EES OF FREti~)N. 1.77397

13 
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TABLE i i .  ANALYSIS OF DATA FOR HAGERSTOWN RUN S 21 THROUGH 27 , AT 1,500 yr

RUN PE~ 4 UEt~~L8 OF FREEU~)121 —86.6 76
22 -86.9258 8?
23 -87.153 76
24 -86.?~~~ 76
25 -66.7 w 65
26 -06.7897 87
27 —86.71? 54

REFERENCE DISTRIBUTION. .39154 FOR ~ c P~~)~~~ ILITY
POOLED I~~~I~~4CE OF 01€ f&TITIEE— 2.06606
8(11 OF SQL~~~S: SI- 15 SO. 1511.5 BR- 1496.5 SA=3. 979?2E+06
91)1 OF Y#2 : 3.9812~~.06 G -45839 .8 N. ~~~F RATIO WITH 6, 522 UE~~~~S OF FREEDOM- .872035

I

14

L - _ _ _ _ _  .~~~~~~-_



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

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

TABLE 12. GRAND MEAN S COMPARIONS

Location Alti tude

1,500 feet 5 ,000 feet 10 ,000 feet
(dBm) (dllm) (dBm)

Coatesville —94.6

Harrisburg — 88.2 —91.9 —83.0

Atlant ic City — 76.1 . —80.6 —91.7

Hagerstown —86. 9

Independence —73.2 — 73.7

Salisbury — 85.4 —85.8 —69.0

*Forbe s Field —94.8

*For~~ s Field , Topeka , Kansas FCC Antenna Calibration

4
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