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1. SUMMARY

1- i . Ground/Air/Ground Communications System

a. Ground -to-Air Communications: Ground-to-air conriunications
coverage generally extended wel l  beyond the Mc Connell AFB air traff ic control
mission area. Comm unications coverage at the minimum vector ing alt itudes
(MVA) wi thin the designated airspace was adequate. Measured receive signa l
levels were consis tently above predicted values.

b. Air-to-Ground Communications : Air-to-ground communications
was generally less than the ground-to-air coverage. However , measu red
receive levels were also consistently above predicted values . Multipath
effects were noted , but they were well outside the McConnel l AFB airspace.

c . Land line Noise: Severa l cable pairs of the landlines
connecting the GCA and the control tower to the transmitter and the receiver
si tes had noise a~ high as -13 d8m. Excessive noise on these landlines
coul d cause se ri ous communica ti ons prob lems i f addi tional cable deter iorat i on
occurs .

d. Defective Antennas: One antenna at the transmitter site
and two at the receiver site were found to be defective using time domain
ref lectometer (TDR) measurements.

e. Receive System VSWR: Excess ive voltage standing wave ratios
(VSWR) were measured on ten of eleven antenna systems at the receiver
site. Al though the maj ority of the readings were only slightl y over
the technical order to lerance , the VSWR readings should be improved by
periodic antenna systems maintenance. High VSW Rs can , and often do,
develop unnoticed , since periodic VSWR checks are not normally performed
on receive transmission systems.

f. Coupler Loss: Exces sive insertion loss was noted on severa l
of the CU-547 /GR antenna multicoupier ports. Insertion loss is crit ical
because it reduces the communications coverage by attenuating the usable
si~jn al.

1-2. Power~~ystenis: Both prima ry and backup power to all fari1ities
was adequate and reliable. 
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2. RECOMMENDATIONS

3 - I .  GroundJA ir/Ground Corivu unicatio ns~~~stein : Recommend the anten
maintenanct team replace those antennas identif ied as defect ive , and
improve the VSWR on al l  antennas at the receiver s i te .

2-2. Power Systems: No recommenda tions.
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3. GENERAL INFORMATION

3-1 . Fa~ç~~~~~~Data

a . General

Locat ion:  McConnell AFB , Kansas
Commun i ca ti ons Area : Strate g ic Con~nunicat ions Area
Unit: 2155 Communications Squadron (AFCS)
Evalua tion Period: 17-24 July 1978

b. Coninunications

Con trol Tower Coordinates : 37° 37’ 36 N
9 70  16’ 16” W

Contro l To wer Elevation: 1360 feet MSL
GCA Coord inates: 370 37’ 18” N

970  16’ 03 ” W
GCA Site Elevation: 1352 feet MSL
Transm itt er Si te Coor di na tes: 37° 36’ 36’ N

97° 15’ 44” W
Transmitter Site Elevation: 1330 feet MSL
Transmitter Antenna Heiqht: 1379 feet MSL
Rece iver Site Coord i nates : 370 36’ 37” N

97° 15 ’ 09” W
Rece i ver S i te Eleva ti on: 1 349 feet MSL
Rece i ver An tenna Hei ght : 1 408 feet MSL

3-2. Runway_Data

Airfield Coordinates: 37° 37’ N
97° 16’ W

Air fi el d Eleva ti on: 13 71 feet MSL
Magnetic Declination: 8° E

3-3. Mission Area

a . Ihe McConnell AFB Control Tower has a contro l zone with~n
five statute miles of the airport with extensions to seven miles on the
359 radial and to six miles on the 190 radial of the McConnell TACAN .
The McConnell A i rport Traffic Area is a five statute mile radius of thc
~i irport and extends from the surface up to, but not including 3000 feet
AGL (see TABs A-l /3).

h. McConnell AFB is under the air traffic contro l jurisdiction
o~ W ichita Terminal Radar Approach Control (TRACON ) located at the Wichita
Mun icipal Airport. The TRACON is allotted airspace from Kansas City
Center .

3-4. M i ss i on_Respons ibi1i fl~: McConnel l AFB has no approach contro l
responsibili ty or delegated airspace. However , it is a fu lly operational
airport with radar , a control tower, and i nstrument lan di ng fac i li ti es .

________  - 
- —~~~~
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3 -5 . Priuna r~ Us i r i ~ A~ency /A i rc ra f t  Supported : The primary operat ional
user of NkConnell A I1~ is the 384th Air Refueli nq Wing ,  f l y inq KC-1 35 a i i u r if t .
3ther a i rc ra f t  wh i  h are as igned to, c ’ frequentl y use the base , inc lude
F - lOb , T — 3 ) , UH— l , and a l l  t y p es  c t  Boein g and Cessna aircraft.

3 — b. ATC Facilities : Air t ra  t t control  t ’qui pnient at eac h ci tni
raLili ti es is listed below.

a . Ground Control Approach (GCA)

(1 )  AN MPN -1 3 Radar Set

(2) 3O~ Key System

b . Contro l To wer

(1 )  AN /GSA -1 35 Console

(2)  Four Channel Communications Control System

(3) Bright Radar Indicator Tower Equipment

c. NAVAIDS

( 1)  AN/GRN- 19 Tact ica l  Air Nav iqat i on

(2 )  AN , MRN-7/ 8 Instrument Landing System

3-7. ~p~js ti c s S uppor t : L~qist ics and precision measuring equipment
laboratory support is provided by host base organizations.

3-8. K~ jersonnel

a . Ground Evaluat i on Personnel

Maj K.G . Mason , Team Ch ief/Electrical Engineer
MSg t W . V .  Rogers , NCOIC TRACALS Evaluat ion Team
TSgt G.R. Picha , Geodetic Surveyor
SSg t P .A . Tovar , TRACALS Commun ications [valuator
SSg t T .P. Barlaan , TRACALS Communica tions Evaluator
Sgt R.J . Herrera , TRACALS Comunicat ions Evaluator

b. Airborne Evaluation Personnel

Maj C .C. Robins , A ircraft Con~uander
Maj J.R. Barrett, Pilot
SM~gt D.D. Warner , Fl ight Mechanic
MSgt L.L . Di ll in qham , Fli ght Inspection Technician
TSg t E . Lonq , Fl ight Inspection Technician

4
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lID
c . Fac i l i t y  Personnel Contacted

tlaj G. K . Loud , Coniiiander
Maj F .E. Rodeffer , Chief of Maintenance

- 
Ca pt D.G. Bates , Maintenance Control Officer
lLt E.D. Monhem ius, Chief ATC Operations

- :  CMS9t J .E.  Stockton, ATC Operations Superintendent
MSg t W . D.  Boudreaux, ATC Operations Supervi sor
tISg t Brightwe l l , Chief GCA Controller
TSgt J.R. Pardee , Radio Work Center Supervisor
SSg t W.P. Buettner , Ass istant Radio Work Center Supervisor

11

_ _

~

::i_ _

~

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



1~ ~R D ’A IR G~CUf~L) C OMMUNICATIONS

4-1 . S~stem Desc ii pt ion : Air tra ffic control convnunic ations at
McConnell AFB are provided by remotely control led VH F /UHF radio equi~ wen t -

Land lines interconnec t the remote transmitter and receiver facilities with
the GCA and contro l tower. Four channel con riunicatior is control syst e r ’
are used to provide keying , ampl i f icat ion , and control of the transmit and
receive audio signals to and from the control tower. At the GCA , the 302
kcy  System provides control for the transmit and receive audio signals.
The c oninunications antennas are mounted on wooden poles , 40 to 50 feet
above the ground . Each control facility has its own backup radio equip-
ment.

~ V H F / U H F  RADIO EQU I PMENT QNTY FREQ (MHz) USE

AN/GRT-18 Transmitter 1 119.5 AIlS
AN/GRT- 2l Transmitter 3 121.5 Emergency
ANJGRT-22 Transmitter 16 126.2 Control Tower Prima r ,
AN/GRR- 24 Receiver 15 236.6 Control Tower
AN/GRR -25 Receiver 3 239.8 Pilot-to-Forecaster
AN/GRC- 17l Transceiver 243.0 Emerqency
AN / GRC- l75 Transceiver 1 266.2 Rescue

269.1 GCA
269.9 AIlS
271.9 Rescue
2i 5.8 Contro l Tower Ground
22 5.7 Control Tower Primary
302.2 GCA
311 .0 W i ng Comman d Pos t
321.0 Win g Command Post
339.3 GCA
342.5 Pilot-to -Forecaster
351. 1 GCA
372.2 Pilot -to-Dispatcher

ANCILLARY EQU IPMENT ~NTY USE

CU- 547/ GR 6 Antenna Coupler
AN/GSA- l 35 1 Control Tower Console
Four Channel Key System 1 Control Tower
302 Key System 1 GCA
AT-l97 / GR 26 UHF Antenna
AS- 1O97/GR 4 UHF Antenna
AS-1181 /UR 7 VHF Antenna

4-2. Equipment Status

a. Facil ity Equipment Status: Equipment checks were accomp-
lis hed using procedures described in the equipment technical orders.
Where no procedures are g iven , AFCSP 1 00-61 , Vol X III was used as a
guideline to ascertain the operational status of the equi pment . The
equ i pment specifications and test results are shown in TABs E—1 -l thru
E-5-2.

6
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(1) Iransmitter Site : Three of the six transmitters
checked had i ncorrect modulation levels. One of the transmitters was
cli pping severely causing high distortion. This conditions could not
be corrected to specif ications by adjustment. However , local maintenance
personnel repaired the transmitter prior to the departure of the team.
One other transm i tter also had high distortion which was corrected by
adjustment. One antenna at the transmitter site was identified as
defective using the time domain reflectometer and one antenna coupler
had high insert ion loss (3.8 dB).

(2) Receiver Site: Two receivers had poor signal-to-
noise ratios. One was corrected by adjustment. Ten of the eleven antennas
checked at the receiver site had high VSWR. One antenna coupler had
high insert ion loss (3.1 dB).

(3) Control Facilities : All of the land lines checked had
high noise l evels. The average noise l evel was -24 dBm while the highest
was -13 dBrn .

b . Supporting Test Equipment Status: Adequate and reliable
test equipment was available to squadron maintenance personnel .

4-3. Environmental Factors

a. Siting Characte r istics

(1) General : McConnell AFB is located on the southeast
side of Wichita , Kansas in the south central part of the state (see
TAB A -i ). The terrain surrounding the base in all quadrants is flat
grasslands and tillable fields with patches of trees.

(2) Transmitter Site : The transmitter site is located on
the southeast si de of the base about one-half mile east of the approach
end of runway 36. The terrain surround i ng the transmitter site is generally
flat rolling grasslands wi th patches of trees. Trees to the east and
structures to the northwest create screening as high as +0.5 degrees.

(3) Receiver Site: The receiver site is located on the
southeast si de of the base approximately one mile east of the approach-
end of runway 36 and one-half mile east of the transmitter site . The
terra in surrounding the receiver site is similar to that at the transmitter
site with very little screenin g.

b . Weather

(1) Surface Clim atolo gy

(a) McConnell A ir Force Base is located on flat terrain
in the South Centra l Pla ins about half way between the Mississipp i River
and the Rocky Mountains . The elevation across this region changes from a
few hundred feet above sea level at the Mississippi to about 6,000 feet at
the eastern edge of the Rockies . The station elevation of 1 ,371 feet
falls between these two extremes. The nearest lar ge body of water is
the Gulf of Mexico located about 500 miles to the south-southeast. It is
the major source of moisture for the McConnell area since the predominant

7
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wind direct ion is southerly. The Great Lakes region , about bOo miles to
the northest , is a less important moisture source and affects the area only
when the winds are from a north through northeast direction for periods of
12-24 hours. Due to the flat terrain and lac k of sufficient moisture , the
ingredients for convective activity must be a’ivected to McConnell. Once
formed , activity movement is governed by the upper wind with no effect
from the terrain. McConnell is in a transition zone between the semi-arid
or steppe climate of western Kansas and the humid micro-therma l climate of
eas tern Kansas and Missouri . The local climate supports typical grass and
grain vegetation coriinon to the Plainc . The Arkansas River is the major
stream in the local area and is a tributary of the Mississippi. It flows
from northwest to southeast through the city of Wichita and passes McConne ll
3 miles to the west. Winds froiii the northwest through northeast create
a slight downslope effect, while wind from the east-south-east through
south-southwest creates a slight upslope . Wind flow from other directions
is essentially neutral. These local effects are very important in the
formation or nonformation and/or advection of stratus and fog.

(b) The climate of McConnell is characterized by the
marked changes in temperature con~non to int erior locations of large land
masses. In January the mean temperature is 31°F with the m ean maximum of
40°F and the mean minimum of 21°F. In July the mean temperature is 80°F
w ith the mean maximum of 91°F and the mean minimum of 70°F. The average
annua l prec ipi tat i on i 0 this area is 32 inches with June , July, and
Au gust being the wettest months. The average annual snowfall is 15 inches
occurrin g mainly from November through March. The prevailing winds are
from the south throughout the year at about 10 knots .

(c) Condit ions of ceilings less than 3000 feet and or
v i sib il i t i es less than 3 m i les vary from 5~ in Augus t to almost 25 from
December to March. Poor conditions are distributed uniformly throughout
the day . The winter months also have the highest frequency (4~ ) of conditions
below 200 fee t and/or 1/2 mi le. The hours between 0600 and 0800 local
time have the poorest flying weather.

(2) Propagation Climatology : During the winter months
continental polar (cP) and maritime polar (niP ) air masses dominate the
area . Early in the season , prior to snow cover , the cP air tends to be
moderately subrefractive during the afternoons due to heating near the
surface, whi le at night propagation conditions become standard and then
slightly superrefractive near sunrise. As the seaso n progresses and more
of the surface become s snow covered , propagation conditions become
mainl y standard to sli ghtly subrefractive with small diurna l variations.
The in itial outbrea k of cP air is usually accompanied by strong surface
winds. The turbulence associated with the winds tend to wipe out the
surface superrefractive l ayer. The mP air arriving over the area has
been modified considerably by its trajectory over the mountains .

(a) In the early spring the air masses are about
equally divided between cP and mP with maritime tropical (mT) air
becoming more frequent as the season progresses. In the fall the
dominant air mass is niP with some diminishing ml and a few isolated cP
outbreaks late in the season. During those two seasons the refractive
profiles are standard to sligh tly subrefractive most of the time .
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I’ t ’ i t .  t’ ilt ‘‘ ( ‘ .et ’ TA B ( —  1 i’~ deu l v i i t u t u ’  s u l l E l a r i e ’ . of at m o s p he r it . i- c t  rat . t ive
i itde’~es prepa red h’ ’~ t hi’ t is Al I n v  i inu ,iu uit ’ nt a 1 1 Pi t t  Ic 1 A pp ii at ion” C cii P t’i.
P5 AWS) .  It was omput t~ 1 to ,-  (lit’ n u t  i - ,’ - t raw i nsondt ’ s t a t  i on oil , 1 dei cd to
t i e repre’.t’n t a t  i ye of  (h i ’  s i l t ’ . P u , ’ Phirt u t ’pi eso ’n t a t.ount k month .
Øy ’i’ the pei’ i od of ret cr1 of - th ree u ’t more vea l’ . • ot the iii ii iniuni ira l e u

ateojory in percent I requt ’nt. ~ ~ t ii 1 0 1 0 1 1  t ’ . Only t i l t ’ one tii i ni imuni
i rad i ent t.-a t eqo ry in eat. Pt oppi ’ t -  .1 ii s,uitnd 1 nq ha been outi ted . For t Iii’
reas on subrefract ion is st ’1 loin shown ,i ti I hi’ itai t as more iit ’~ia t i ye grad tent
w i l l  usua 11 y be found and outi P ed - A dis cuss i oni of ri’ fu’n Ii vi’ t hecr~and a descr ipt ion of the i- c f  rat - t I ye 1 iuolt ’~ ca t eqor 1 t ’’. and the i r  co rrt ’s po nd —

i ng gradients in N—un i t s  per li)Ot ) f et’t are found in lABs B— .’ - - 1/ i ’.

~ 
) I va 1 tic t ion Wea t Pit ’ , Condition s : Norma l re tr~n t u ~- t ’ oil

d it ion’. occurred dui- i ru g P he II y I nq pha ’c of t he eva 1 uct ion. rheso ’ t o n —
di t ions ci lowe.i for ,‘ad io s iqiia l p ropa g a t ion  along theo rt ’t it~ i 1 1 imi t ‘-. .

4—4. I va 1 oct Ion Prof iii’ The ovt ’ u a 1 1 ob.iec ti ’, ’,’ of t he eva 1 nation
were to def ine the ta pab  1 1 it i t ’’. and 1 u i  ta t  i Oils lit the a ir  t raf f it .  cont rd
couivnuni cat. ions ego i pmen t in the i n s t a l l e d  cmiv ronniehit ìnd to o1i t imi -

the per formanci’ of the s y s t e m . These objet t I yes were ii it’ t by hlkt k i ui~- the
‘. it i rig and env i ronuncmi t 1u 1 stud It’s di ’ ,‘it’ .sed ill paraqi .aph 4 — 3  and pet ton i na
t Pie equi pnien t , sv s  tern , and air borne hi’ ks des’ . i i bed be l ow .

a . GroUnd les t  s : Ground t es t  were Pt’’. formed prior to the
a rhorne tests . They t. ons I s ted o u t two t ypes : ego i pment d uet k .  and l o c p
tests.

I ) L go I pnien t Ciii ’,. ks : I go I pmeii t he k’ wt ’ rc pci f o,’in,’d
111 or ~~~ ‘ loom ’ and a i i’m ’ ,.ne to ’s t s t o  o ’llsU rC pi’opt’ r 0N’)’~i t ion of n a b ,  end
i t  ens . The result  c of the t. heo ks wet ’e coiiupared w i t  Ii techn ic a l  order
spe c if  i ca t i ons  . Where tec hn io~i 1 oro te i ’  spet i f i t a t  ions were not l i s t e d ,
t~e dti ta base ho l i t  from pr i or eva 1 tic P I ~u ius Wd s used as t i’e teren ce in



olt? P ertii I mu 111(1 C(1U I pnten t pe tS  toi ’ titumi ct~ Add 1 t Iori i I in forma t nun , s O’. Ii as
an tenna placement niec s urement s (TA Bs 0— 1— I / .‘ ) wa ~. ~o1 so oh (a I iit’d . Adj us
men t s of equ I pmen t fo I’ üpt 1 1110111 opera t ion wert ’ via tie i iuuuied i a to’ 1 y • i f
pos si bl e Wi thou t e ~ t o ’rIs I Vt ’ 111 ,1 h~ I t’na O t t ’ . Ot ht’r prob 1 t’in’. we ’ i- t ’ I dent if i ed
to via in tena t w e  pei’s on nut ’ 1 for t o  rrec t ion. The o t. u-ec P ed read i nq s are
I tic I uded in the ‘ ‘  ad .i ii’ -. t ed’ t 01011111 of the ego i pn ent Pit s k I i’rrn’ . I he aud io
amp l i t  it ’,’ measurement s wee’.’ ,-ei.ordt ’d a f t e r  t he amp I l t i  e u - s were ad .i us ted

~- r  norma l opera t I

Loop T t’s t’ Loop ti’’ I s were  u t i l l  .‘ ed to ‘.‘v~u 1 tic P e the
s tent per for-via nce of the iirev j ousi y t e’, ted end it i’h ll ’ - . An opera t i one 1

~0S It ion in t ho’ GCA a mud a inc i mi tena tic o ’ ~uo’
, i t  ion in t hi’ cv i ii t rd tower were

used for the loop t es t s . A one ki I; toni ’ was i nt i e~ t o’d in to the tuli rophone
amp ii f 1 ei.s for S imula t ion of a mio hind 1 voice input. One frequency at a
t ime was keyed. The si grid level s , signal — to—noise ’ , and modulation
lit-a su reinen t s were taken ii the tea nsm i t  port ion of P he system -

.. I th a
dummy load placed on the transm i t te n . liii’ one LII: t omit’ was removed and
flu i se and carr ier power measurements wer e taken. The aud io uiicn’,orenut’nt

-
- 

: , were taken on the receiver  s ide of the sy s  tern us I rug a 30) percent. modul a ted
RI t cii’ i er connec ted to the input ct t he i~e o o ’ i vo’ r ego I iiinen P . The audio
measurements were taken at accessib le po int s  in the system . The resulting
data were used to determi tie the Si t inal leve ls  presented on the Loop Test
Line Level Di agranus ( TABs — 5 - i , •‘).

b . Airborne Tes ts :  The airborne test s were acconipl i shed
using a C — 14 0A f l ight  inspe ct ion a i r c raf t  f ly ing radia ls and o r b i t -~, off
the McConnell IACAN . The automat ic g.i in contro l (AGC) current of the
a i rbonnie rect ’ I ver w as used to obt ci i i  the i’e ’ce I ye si gmua 1 level ( RSL ) of
the conm iunications frequency under te s t  . Ten ,‘ad id tracks and one orbit
were flown using the c i  r’cra ft receiver to mea sure the gr ound—to—air
t ranstui i p s i one 1 s t renoj th ; four rad ial trac k’; and one oh ’t u I t were fi OWI1
US 1110 1 1 (J round receiver to mea sure a in— to— ground transtn i t  Si gru c 1
s tren~ t hi ( s e e  TAB 1— 1 ) . Radial track mea c uremen t s wen t ’ v ised to determine
ver t i ca l  red I at ion patterns • and orb i ta 1 t i~ac ks went’ used to do’ t ei’lil i in’
horizontal coverage . Prior to  the a i rhorne tests , the -’ a I no raft a rid
ground receiver AGC t. urrents were cal i bra ted in dUnt by inject i nec kuown
s i qna 1 level s into I he rece i yen s RI transni Is Si OO h ui t ’ and ~utunuo ta t  i nq
the str i p chart recordings. The ground transmi t . t en w as cont inuously
keyed with the output power set at 10 watt s . The aircr aft transmitter
output was measured and recorded . Whi le  measuring the ai r .-to -t - qround
signa l strength the aircraf t  transmitter was keyed on and o f f  at ten
seconds In terva ls .

4 — 5 .  Ana iys is of [va b a t  Ions Resu i t  s : AIM 55 - ~ tole rances spec i t ’ ~clear and readabl e coniiiun ice t i otis at an a l t i tude wh i cli meets opera t onal
• requ I remen ts a t a iii in I 1110111 di s ta nc e of I S NM for the control tower amid

30 NM for the GCA. Emergency conrni unioat ions is des ired to extt ’ uud as
far as POSS Ible. Pi lot — to- Forecas tee communications is rt’qui red to
100 Nfl at 20 ,000 feet above t he s i te  e levat ion (AWSR 1O5-1 . ’’t . liii’
receive signa l level f l ight profi le is shown in TAB F-i . Ilit’ da t a
from the orb i ts  ,inud ,‘ad Ia I cracks q i ye a composi te three dimensiona l
pict ure of the e lectromagnet It i’ad iat ion patterns of the a ir tra ff i c

10
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control antennas at t i t Coninehl .

a. Groun d-to-Air (ounmii unicati un ’; : The results of the ground-
to-aim’ signal strength nueasuren uenuts au~e in TABs 1-2— 1 and 1-3— 1/3. One
orbit and several radia l tracks were flown to col l ect data to depict the
horizon tal and vertical radiation patterns of the transmit antennas.

(1) Horizont al Radiation Pattern: The orbits were flown
at the higher operationa l altitudes and at a radius whic h encompassed
the air traffic control mission area . Therefore , the flight data gives a
good picture of the con~nun icat ions coverage of the McConnell air traffic
contro l env ironment. Due to the uniformity of the terrain , and the
hei ghts of the antenna towers , the nueasured signal levels were relatively
consta,it throughout most of the orbit. The f irst half of the orbit had
a average si gna l level of -73 33 dBr , while the second half of the orbit
had an average of -74.20 dEbit. Al l measurements throuqhout th e orbit were
well within the -93 dBtiu squelch threshold setting for which most aircraft
recei vers are set, and most were within the calculated theoretical free
s pace s ig nal stren g th value o f -79 .25 dEbit. One of the hi gher frequenc i es
was used for the test because it shows the wors t case propaqati on
c haracteris ti cs . The higher frequencies are more subject to vath loss
and other environmental factors . The formula used for calcula tin g t he
predicted free space values takes into account frequency , transnuitted
power , cable loss , antenna ga-i n and theoretical path loss. Screening,
multi path effects , and weather conditions are not considered in the
formula. However , screen ing and weather effects were negligible factors
dur ing the evaluation. Multipath propagation effects probably contributed
to the variances i n sig nal levels throughout the orbit.

(2) Vertical Radiatio n Pattern: The AT-l97/GR antenna was
the predominant antenna at this location. This antenna has a much better
radiation pattern for air traffic control purposes than the AS-1097/GR .
The ga in of the AT-l97/GR antenna is relatively constant for tiuost
operational air traffic control altitudes. This antenna is ideally suited
for the low alt i tude ATC environment at McConnell , s ince it ha s excel-
lent ga i n at low al titudes . The radi at i on patterns shown i n TABs
1-3-1/3 depict solid coverage throughout the ATC mission area with minor
nulls at h i gh al ti tudes at lon g ranges from the stati on . As expla i ned iii
paragraph 4-5a(1), these nulls were most l i kel y formed becau se of
inult ipath effects . These effects were more evident in the receive
radiat ion patterns (TABs 1—3-4/6) because the receiver site was more
susceptible to mult ipath reception at the altitudes and azimuths shown
in the TABs . Note that all the nulls are well  outside of the air traffic
control miss ion area . Minor antenna or transmission line defects could
have also played a minor role in the less than optimum performance at
the extreme edges of the radiation patterns.

( 3 ) Screening I f f ec t s :  Due to the hei gh ts of the antennas
and the re lat ive ly f lat  terrain surrounding the transmi uitter and receiver

11
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S i tes , s ign i f lcan t  s c i u ’er i i rug et t e ’ .  t s  w r i t ’  not ev ident  in the orb i ta l  data.
However , the skyl ine graphs do show some ‘~~ reen lug at the transmii i tter s i te
from 0b6 to 111) degrees and I roum ~~P1 t o o  31 ~ degrees (see TABs C — i /~? )  . TABs
B— 1—1 / 4  and 0- .’ - l ‘4 show tho ’ surrounding t e r r a i n  and give a graphical
repr es entat ion of the screening environment at both locat ions.

b. Air-to-G round Lo ihin unl ic at ions: Ai r - to-ground coverage was
generally less than the ground-to-a in coverage. As much as 10 dB di f ference
in s i qua 1 s t r t ’ ,ugth w a s noted at selec ted po i r i t s  around the orb i ts .  Th i s
difference was m ai n l y due to the exceptio uta l l y strong signal strenth
cst’csurements of the ground-to-air signal . However, the data shows that the
a i r - to -ground v overaqe also qenerahiy extended well beyond the mission area .
Ra di~ 1 data showed coverage to at least 50 NM at 3500 feet MSL. A sample
o tht~ a i r—to-g round cov e race  is shown in TA B F-c ’-? . Better than norma l
t overaqe wds d o ’  to the exce l lent  propagation condit ions durinq the f l ight
por tnvn of the evaluation and the good siting conditions at both locations.

~ C .  Lan d l i r t e  Noise: Severa l cable pairs on the commerci a l
1 arid line ’, corinec t rug the GCA and the control towet ’ to t he transmi t i ‘.r
and the rece i’~vr s i t e s  had excessive noise levels. Noise levels as high as
- 13 dUtii were m”asured on some of the pairs. Pas t TRACALS evaluation data
sayqest that the noise level should be at least -35 dBmt i or lower. Excessive
n oi se i n these land l i nes could cause serious con~tuunicatiorus problems .

d. Defect ive Antennas: Time domain reflectom neter measurements
were imuade on a l l  antenna systems . One antenna at the transmitter site
arid two antennas at the receiver site were found defective. This f in ding

agreed with results of previous TDR graphs made by the local maintenance
personnel. Since an antenna maintenance team was scheduled to return in
the near future , no additiona l actiom is were taken.

e. Receive System VSWR: Excessive VSWR readings were measured
cmi ten ot eleven antennas at the receiver site. The majority of the
readings were between ~:1 and 3:1 . Al thou gh th i s ran ge is n’t excessively
high , it is outside the technical order tolerance of 1 .6:1. The antenna
ma intenance teani could improve these readings by cleaning the connectors
and/or replacing the cabl es . VSWR checks on the receive transmission
systems are normally not frequently accomplished ; therefore , high VSWR
conditions can , and often , develo p unnot i ced.

f. Cou pler Loss: Excess i ve in serti on lo ss iii the CU-547 / GR
an tenna multi-couplers is a common problem . The insertion loss specifi-
cation in  Table II , TO 3lRl -2GR—142 is a maximum of :~ dB . The coupler
with the highest loss at the transm itter site had a reading of 3.8 dB. At
the receiver site , the grea test loss was 3.1 dB. Alt hough th e cause of
the high loss is basically in the design of the tuning cavit y of the
coupler , the nua i ntenance unit ca n usuall y m i nim i ze the loss by fine
tuning the coupler , or by rearranging frequencies associated with each
cou pler .

4-6. C~pabil it ies and L imi ta t ions

a. Ground-to-Air Communications: Ground-to-air comm unications
is adequate for the McConnell AFB mission. Coverage at the minimum
vectoring alt i tudes (see TAB A - 3) is solid throughout all quadran ts.

1~’
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Strong s ignal levels were m easured throughout and wel l  outside the required
miss ion area . Screening effects are not significant; line of sight coverage
is limited by the curvature of the earth and attenuation of the signa l by
free space.

b. Air-to-Ground Communications : Air-to-ground coverage is
less than the ground-to-air coverage, but much greater than required for
adequate mission area coverage.

c. Predictions : Under normal conditions , adequate communications
coverage of the McConnell air traffic control mi ssion area can be expected.
Occasional mu ltipath fading is possible because of the presence 0f large
flat areas adjacent to the sites. Additiona l deterioration in the land-
lines , antennas and transmission systems could result in serious coninuni-
cations problems .
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5. POWER FACILITIES

5- 1. Equi~p~~~~~Deta i 1s :  Con umer ica l power is provided for the GCA ,
control tower , transmitter s i te , and receiver s i te .  Secondary power is
provided for at each f ac i l i t y  by backup genera tors . No deficiencies
were noted at any of the power f a c i l i t ies .

5-2. Adeguacy/ Reliabi 1i~~j  The backup power generators were in
outstanding condition. A detailed list of the equipment test results
are presented in TABs [-6-1/4. Primary and secondary power for all air
traffic control commi unications faciliti es is adequate and reliabl e.

I
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TRANSMITTER SITE ANTENNA LAYOUT
- C S ’  :I~~ 

-
~~~~~~~~ 

________________________________

McConnell AFB , KS July 197~

‘$ 1
J Pot. 

c~~~1 ST~~E 

Poi~ A

_ _

~~~~~~~~~~

oIe B

ORIGIN

POLE/ANT X V ZkMSLj TYPE FREQ[MHZ)

A/i 44,6 75.7 1374.7 AT-197 SPARE UHF
A/2 37,4 75.6 1375.8 AS- 1l81 121.5
A/3 42.0 71.9 1376.5 AT—197 SPARE

- -4 A/4 41.6 76.4 1379i AS-1181 SPARE
B/i 14.3 86.3 1378.9 AT-197 351.1
B/2 10.0 78.6 1378.8 AT-1 97 269.1
B/3 18.8 75.2 1378.5 AT-197 339.3
B/4 22.4 82.7 1379.1 AT-197 302.2
B/5 16.2 80.7 1383.5 AS-1097 MULTI
Eli  3.8 6.7 1380.2 AT-197 372.2
E/ 2 0 0 1379.9 AT- P7 MULTI
E/3 8.2 -4.7 1379.7 AT-1 9 SPARE
E/4 9.3 3.0 1381.1 AS —11 8 i SPARE
E/5 6.0 2.1 1381.1 AS-1097 295.7/3 42.5 / 372.2/

271 .9
F/i 27.8 3.7 1380.4 AT-197 239.8
F/2 23.9 -2.8 1381.1 AT-197 SPARE UHF
F/3 32.5 -7.3 1380.2 AT—l 97 SPARE
F/4 35.9 —0.2 1380.2 AT-i97 275.8/23~.6/243.O
F/5 29.9 -2.1 1382.0 AS-ii8l 126.2

All measur~nents in feet from antenna E/2. Site elevation: 13~0 feet MSL,

AECS .~
‘

~
°y

’$
~~~ 906 GENER INF~RMA 1 IQ~L.., -- 

T A B D 1 . 1
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RECEIVER SITE ANTENNA LAYOUT
- - - :  8 7 O N  

—-

McCo nnel l AFB , KS July 1978

U
\ MN

RX
S ITE

3 4

I
___________ 

X 2~~ 
PQII B

3 4

P01S E~~1

PoI. C~~~~~~~~~

V ORIGIN

POLE/ANT X V Z(MSL) TYPE FRF.Q (MHfl

B/l 30.8 -3.4 1395.0 AT-197 302.2
B/2 26.8 -2.8 1399.1 AS -llRl l2f .2
B/3 24.5 -3.2 1394.7 AT-197 307.9
C/l 0.0 0.0 1408.6 AS -liRl SPARF
C/2 2.8 5.0 1405.6 AT-197 243.O/236.&295.7/

275.8
C/3 10.4 1.6 1406.4 AT-197 339.3
C/4 7.2 -6.4 1406.3 AT-197 SPARE
C/5 4.3 0.1 1411.7 AS-1097 339.3/269.1/351.1/

302.2
E/i 10.7 74.0 1399.4 AT-197 SPARE
E/2 8.2 84.1 1399.4 AT-197 311.0
E/3 18.0 84.2 1399.3 AT-197 321.0
E/4 17.0 74.7 1399.8 AT-197 SPARE
E/5 13.6 78.1 1401.6 AS-il8l 121.5
F/i 31.5 82.9 1396.5 AT-i97 SPARE
F/2 36.6 89.3 1396.6 AT-197 SPARE
F/3 42.6 87.3 1396.7 AT-197 SPARE
F/4 39.6 77.9 1397.1 AT-197 ‘372.2/342.5/26fS.2/

271 .9
F/S 37.7 82.9 1398.1 AS-l097 SPARE

________________________________ - -

A ll iieasurements in feet from antenna C/i. Site elevation ]349 feet 1151

APC S J~
0y
~ , 906 G E N E R A L  I N F O R M A T I O N  TAB: 0-1-2
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F.QU 1PM1~N T ?~NALYSTS SPEC I FICATION Li ST
IOC A T’O~4 

1 0 A 1 r

McConnell AFB, KS J July 1978

FREQUENCY : Self Explanatory

1. Eq ui pm ent Type: T ransmi t t e r s  AN / CRT—2 1 and A N / C R T — ? 2  (To 3 1 1 t 2 - 2 G R T - 1 0 2 )

2.  Transm ttter Ser i4t l Number: : Obtained from equipm ent
3. Percent of M odula t ion , 0 dBm I n p u t : — :  90~ - + - 1 O %
4. Percent of Modulation , —15 dHm Input : 90%±1O%
5. Percent of Modulation , +10 dBm Input : 907.+ 1O%
6.  Dist ortion : — — — — — — — — — —— — — —:  1O~ at lower limiting

157. at upper l i miting
7. Frequency Accuracy Tolerance: : +0.001% w i t h  CR—1 43 crystal

±0.002% wiih CR — 75 crys t:i l
±0.0005% w i t h  freq synthesizer

8. Power Output:———— ———— : 10 Watts M inimum , Low power  mode
50 Watts M i n i m u m , Hi gh power mode

9. Reflected Powcr:—-- ——————— --—— ---———— -- : 2.5 Watts max , 10 Watts forward
- 12.5 Watts m a x ,  50 Watts forward

10. Transmission System VSWR: : Norma l operatio n at carrier powec
with VSWR not greater t h a n  3 to 1

11. Coupler Loss: ——— : 2 dB Maximu m (TO 31R 1— 2CR—1 42) C U — 5 4 7
12. Antenna VSWR: — .—— — — — —-- -- —— --: 2:1 Maximum (TO 31R 1— 2 C R— 2 41 ) AS—1 097

1.6:1 Maximu m (TO 31RI— 2CR—1 61 ) AT—1 9~
13. Receiver Nomenclature: Receivers M~/CRR—2 3 and AN /CRR— 24 (TO 31R2—2GRR —11 2)

14. Receive r Serial Number:—--— -— : Obt ained from equipment
15. Freq uency Accuracy Tolerance:—— ———— —: +0.001% with CR —1- ~3 crystal

±0.002% w i t h  CR— 75 cr\’stal
+0.0005% with freq synthesizer

16. Sen~ itiv ity:——————— ————---- — ---- — — — — :  3 uv Ma ximu m
17. Signal to Noise : — ————— —— -——— : 10 dB with a 3 uv input
18. Sq uelch Threshold :————-——- ---————— : 3 uv (TO 3lR2-:-2GRR—1l 6W C— ~ , 28 day

inspect ion)
19. AGC Characteristics: 

— — - 
: 3 dB Maximu m variation with input

signal of 6 uv to I v
20. Audio Output: ——— — : +20 dBm
21. Dist or tion:— ——- -— -------——-------——--— --— ——: For frequencies 300, 1,500 , and 3000 ~:

- with a i v input 10% maximum w i t h  3O~
modulation 2O~ maximum with 907.
modul ation

22. Transmission System VSWR: ——— ----— : NSA (No Sp e c tfic atl on s Av~ ildhle )
23. Antenna VSWR: —— — ———— --— ——: 2:1 M a x i m u m  (TO 3 l R 1—2CR-?- ~1) AS —1 097

1.6:1 Maximum (TO 31R1—2CR— 161 ) AT—l’~
24. Coupler Loss: — : 2 dB Maximum (TO 31R 1—2 GR—1 -’~2) CU—5 47

_ _ _ _ _ _ _  
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AM RADIO COMMUNICATIONS EQUIPMENT ANALYSIS DATE

1 July 1978
LOC A T ION

McConnell_AIB ,_ K 
_____________ _________________ _________________

‘ R EQ U E N C Y  
~75.8  121. ~ - 

126.2

I . T R A N S M I T  If R N OM F N C  L A  T U R f  AN/ni-N—i 2 AN/GRr—21 AN/GRI’—lB

2 S E R I A L  N U M B E R  58 1-3 7-i50 527
I N I T I A L  DJ~J ST E D  I N I T I A L  A O J U S T E D  N I T .AL  *o~~u~~i~~~J

~~. MOOLJLAI -J N L E V E L
- 90 100+ 90 70 90

4. L O W E R  L I M I T I N G  90 90 90 J
5. UPP ER L IM IT ING - 90 90 90

6. D ISTORTiON 3.7 27 7 7

7. F R EQ UE N C Y  A C C U R A C Y  - .00002 .00000’-i .001
R~ POWER OUT

roRwA ~~o WaIt. 10 9 10 10. 5

9. COUPL ER V SW R 1.10 1 N/A N/A

10. COUPL ER LOSS dl? 1.66 N/A N/A

II . A N I E N N A VSWR 1.08:1 1.22:1 1.1L~:1

1 2 .  Pr CFI v ER N O M E N C L A T U R E  AN/GRR—2’-i AN/GRR—25 AI-i/GRR—25

13 . ‘~~R I A L  N U M 8 E R  2989 6L~L~0 65171

IA , ~ REQU (NC Y A C C U RA CY  .00000 .0003 .0008
¶ 9 .  ~ F P 4 S I T s / I 1 Y  UV L~ 1.2 1.6

76 S I - N A ~~ TO NOISE II? *8:1 22 :1 20:1

17 . ~c L) EL CN TI1RES MOLD ~ v 2.6 3 2.8 3 1.8 3

‘• ~~C .8 .7 1.1

‘ 9 .  AU DIO OUT dl ,,, 21 20 —11.6 
-

20. DI STORTION - 3 12.1 5.2

2’ COUP .~ER VSW R 1.01:1 N/A N/A

22. COUPLER LOSS dIl l.9L~ N/A N/A
d l . A N T E N N A  ~ SWR 

~i .
[
~5: 1 3.62:1 3.1LI :1

RE MA AK S

* Not repaired during the evaluation.

AFCS 

~~~~~~ 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I .o00o5~~ .00006 .02009

Kr P OW E R  OUT
W a I I a 11.5 Ii 1O.~ ±L~~~ ~.6 10

COUPL ER ‘I~ WR 1.01:1 1.06:1 ‘LA
_ _ _ _ _  _ _  - 

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

‘0 COUPL ER LOSS I7l - 

~.85 A

1 1  A N T ENNA VS WR 1.tJh :l 1.18:1 1.21 :1
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1 - 5 5 1

AIIIPLIFI[R DATA
I - ~~ 

- - - UA~~ E

GCA Jul y 19 78

f icrophone Am plifier 
________ ________ ________ ________ ________ ________

Serial Number 
________ ________ ________ ________ ________ ______

Pos i t i on  O d Y  13

In put Level (VRF-1S) ~i ________ _______ ________ —

Output Level (VRMS ) 
________ ________ ________ ________ ________

% Distortion (5~ Max ) 1 
________ ______ — ________ ________

- Noise Level (dBms ) -24 
________ ________ ________ _____

Input at Limitin g (dBm) NA 
________ ________ ________ _____

Output at Limiting (dBm) ~A _ _ _ _ _ _  _ _ _ _ _ _  ____

Line_Amplifier 
________ _______ ________ _______ ________ ________

Frequency 351.1 302 .2 339.3

Input Level (dBm ) 2 —2 2 
________ ________ ________—

Output Level (dfim) 11 
- 

11 .2 11

% Distortion (S~ Max) 
12 14 16 

________ ________ ______

Noise Level (dBm) -29 -26 -28 
________ ________ -~~~~

I-

Line Am p l i f i er 
________ ________ ________ ________ ________ ________

Frequency 
_________ ______ _________ _________ _________ _________

In_put Level (d8jn) 
________ ________ ________ ________ ________ ______

Output Level (dBm ) _______ _____ _______ _______ _____

S Dis tortion (5% Max) 
________ ________ ________ _____ — ________ ________

Noise Level (dBm) 
________ - ________ ________ ______________ 

—

A t  k’ A tI $ 
— —  —— —________

AFCS ~~~~~~~~ 906 GENERAL INFORMATION TAB 
3 1

_ _ _ _ _ _ _ _  

_~~2~~



I ‘L E

A M P L I F I E R  DATA 
_____ _______ ______ ______ ____________

O C A T I C - N  I 
L~~~~~ —__________________

C o n t r o l  Tower  - I J~z~ - —

Type AM-4568/G Microphone Am plifier

Ser i al Number 470 464 484 92 
________ ________

Position Maint. 3 
- 

2 1 
________ ________

Input Level (dBm) ..35 ..35 —35 -35

Output Level (dBm) 15 15 1-5 15 
_______ _______

% Distortion (5% Max) 2.45 _______  7..~ 2 5  ______  _______

Noise  Level (dBm) -48 -.64 -73.5 -73

Input at Limiting (dBm) -42 -41 -38 -42

Output at Limi ting (dBm) -3 -2 2.5 -3 
_______ ________

Type AM-4571/G Line Amplif iers 
_______ _______ _______ _______ _______ ________

Frequency 121.5 275.8 126.2 
_______ _______ ________

Input Level (dBml -4

Output Level (dBm ) 27 
—__

27 
- 

27

S Distortion (5% Max) 2.1 1.7 1.7

Noise Level (dBm) -56 -54 -58 
_______ _______ ________

Type AM—4571/G Position Amplifiers 
_______ _______ _______ _______

Position 3 Sp P11

Input Level (dfim) 43 
— 

-45 
________ ________ ________ ________

Output Level (dRm ) 15 6 
________ _______ _______ ________

S Distortion (5% Max) 3.2 1.4 _______  ______  ______  _______

Noise Level (dBm) -58 -47 ________ ________ ________

R E M A R K S  -____________________________________________________________________

AFCS ~~~~~~~ 906 GENERAL ~~F O R M A T ~~N 
- 

TAB:  E-3-2
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AM RADIO COMMUNICATIONS SYSTEM LOOP ANALYSIS I - 

J u l y  19J H
Ls ’ L A T I O N  GCA ________ _____ ________

) . FR EQU EH CY i  
351.1 302.2 339.3 ______

2. MIC AM ?’ IN 
VRMS 3 3 .3 

1
1. NIC AMP OU T 

VRM S ~ ... .~~~~ __ __±_____ _______ - - - ____

4. N O I S E l OOR Ill I I - , - .  ¶1 

__________ ———--—-——4

5 NOI S F  LE ~~ F L  dE3,,~ —24 —24__ .. ,. — 2 4  _________ _________

6~~~ A H L E IN I?I?~, —2 —2 —2 
__________ _________ — ___________ — -

7. NOISE F LOOP ,jH l),,~~,I 
17 28 28 

— _________ __________ - — —

8 N . s I S f  L E V F  L dIl t,, 
—13 —24 —21 • 5 ________ ________ ________ -

4. s A R L E  OUT dUn, 
_

~~~ —3 — 3 _________ _________ _________ _______

tO .  NOISE F L O O R  dl? iI .’ s ~~,I 17 — _________ _________— _______ -

I I .  NOISE L E V E L  
~~~~

“‘ — 13 — 2 Q _ —21 
_________

2 T R A N S M I T T E R  IN dU,,, 
4 _

~~ 3 _________ _________ _______

1 3 .  M ODULATION 
90 __...9j~_—_-- 90 - ________ ________ ________ ________

IA. P O W ER OLI T 14.tla 
10 10 LU ________ _________ _________ _____

~~. RECEIVER OUT dflni 
20 20 20 ________ _________ _________ _________

16. NOISE FLOO R dU 
16.2 14.6 15 

.

~ 

-

~~~~~~

Ii. NOISE L E V E L  dBm 
—26.2 —25 —26 

_______

¶ 8 .  C A B L E  IN dBm 
0 0 ________ ________ —_______ ________ — — - —  - -

19. NOISE FLOOR dB Down 
_16 . 2 J.4~ 6 15 ________ ________ ________ --

20. NOISE L E V E L  dPm 
—26 . 2 —25 —26 ________ ________ ________ ——

2 1 .  C A B L E  OUT 
—2 . 5 —2_ —2 ________ ________ ________ ________

22. NOISE F LOOR dl? 
17 15 1 5 _________ _________ _________ _______ —

23.  NOISE L E V E L  dfl ,n —30 — 28 —48 
________

24. S P E A K E R  AMP IN dBm 
11.5 11

25 . S P E A K E R  AM P OUT ,Itlm 
—6 — 6 —6 

_________ _________

26. NOISE FLOOR dl? fl,-,’,n 
14.5 14.5 

________ ________

27. N(1 ISF  L EV F  I dl?.., 
—5.3 —47  _________ _________ _________ _________

29. 2N D HARMO NIC L E V E L  
________ —______ ________ ________ ________ ________ ________

29. 3RD HARMONIC LEV E L

F O R M  
TAB : E-4-lAFCS J A M  it  95$ ~~r v i s r o  

— -  ——--  — - _______
~~~~~~~~~~~~~~~~~~~~~~~~~~



AM RADIO COMMUNICATIONS SY STE M LOOP ANALYSIS 1 1 * 1 ?

L O ~ A T I O N  Control Tow~ ____ —____ ______ ______

I. FR EQU ENCYI 
— 7 7 % ~~ 126 2 ~21~~ ___._ _______ —_____ _______

M’~ AMP IN I1~- I 
~~~~~~~~ 

— 
_________ -—- — _________ _________

I M I .  A M P O U I  , l I~~ - 

15 15 15 4 — - _______ ____

4. N OIS I  F LOOR ~~~~~ ‘ - ‘ “  

32 32 32~~ -_  - ________ ________ ________

5. NOISE L E V E L  dl?,?, 
— 4 0  39 _

~A 2 _ 1  — —__ — ________ _________

I. AIILE IN I l l , ,  

— .2 — .6 ~~~~~ ______ __________ __________ __________

NOISE FLOOR dl? 1)o,. ,, 
26 2 4 

~~ 23 _ S -_________ _________ —_______

8. NOISE L E V E L  dflm 
—28 —2 5 — 25 _______ _______ _______

~~. C A B L E  OUT dPrn 
—4 .8 — 5 . 2  — 5 

_______ _______ _______

10. NOISE F LOOP JR l) ,,w n 
16 13 1 - _________ _________ _________ _________

i t .  -IOI SE L 8 V ~~L dRn 
— 2 1 . 5  — 1 8 . 5  — 1~~____ ________ -—______ ________ ________

1 2 .  T R A N S M I T T E R  IN dUe., 
—4 .8 — 5 2  — 5  ________ ________ ________ ________

¶ 3 .  -. M O D U L A T I O N  
90 85 85 

_____ ________ ________ ________

¶ 4  POWER OUT W aI t .  
10 10 

- 
10

I S .  R E C E I V E R  OUT dl4 m 
20 — 9 . 4  — 11 .6 ________ ________ ________

16. NOISE FLOOR dl? 
22 15 15.4 ________ _______— — ______ ________-

I NOISE L E V E L  dRm 
— 2 4 . 4  — 2 5 . 8  —25 ______ _______ _______ _______

I!. C A B L E  IN dBm 
0 0 0 ________ ________ ________ ________

IS .  NOISE FLO OR dl? Down 
22 15 15_ 4 ________ ________ ________ ________

20. NJIS E L EV E L  dflm 
— 24.4 — 2 5 . 8  —2 5 ________ _________ _________ _________

2 1 .  C A B L E OUI 1Pm 
— 3 . 6  — 4 . 6  — 4 _______ _______ _______ _______

22. NOISE FLOOR dB Down 
23 1 ~ ~ ç ~~~~ _________

23 .  NOISE L E V E L  d8m —29 —3 0 —29 ______ _______ _______ _______

24. SP E A K E R  AMP IN dBm 
—42 —40 —36 • 5 ________ ________ ________

25. SP E A K E R  AMP OUT dAm 
16 18 . 5 22 ________ ________ ________ ________

26. NOISE FLOOR dl? t), wn 
13 15 

~~~.. 15.5 ________ ________ ________ ________

27. NOISE LEVEL ~ll?n~ —32 —31 —1 - _________ _________ _________ _________—

2!. 2NO HAR MONIC L EVEL

28. 3RD HARMON IC LEVEL

AFCS j A N 1 ~ 958 REVI lED 
TAB : E-4—2

Li
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D A T E

A. C. POWER July 1978
I O C A T  j - ~~. EQU:P I . ? IN’  S S E P A L  ¶

~JMI5ER

~I t11: flU ¶ -r - i N

CHECK SPECIFICATIONS 
— 

PRIME POWER STANDBY POWER 
—

I . VISIJAL
I N S P E C T I O N  :A1  

-_________ __________________ _________

2 R EG U L A  V O L T A ( , E V O L T A G E
C U R R E N T  CURR E N T

TOR INPUT : : : : - : . .- : : : - : - : :: - - - .;- . : - .:. - - . - : . - .:.:.;.:~~ ; :.:.::.. ; : :. - . - I N I T I A L  A D . I U s lr o  I N I I A L  A D J I J S T I .

PHAS E A 118 ‘~0 20

PHAS E 8 118 
—______ 

39 125 
—_______ 

18 
—

PHASE C 118 36 1 ~I5 13.5

N E U T R A L  1.5
3 R E G U L A

TOR OUTPU T __________________________ _____—

PHASE A

PHASE 8

PHA S E C

N E U T R A L

M A N U F A C T U RER T Y P E  S I R I A L NU M SE R

Federal Diesel. JB 7’440B15
GENE RATOR 

C A P A C I T Y  FR E Q U E N C ~ L O A D

30kW 60 20%
M A N U F A C T U R E R  TYP C ~ M A N c r o V E R  IP-ITEP V A I

c i ~~ o
T
v~ p Lake Shore Aut o 12 ~ec

_____________ ___________________ 
VOLTAGE REGULATOR RESPONSE 

— _______________

T A  A D J U S T E D  TO :V OL GE SPECIF ICAT ION AS FOUND T IME ~ O A~’ I U ST
R E G U L A T O R  M A N U A L L Y  A U T P M A T I C

PHAS E A

P H AS E  B -_ _______ ______

C

F Q -  I M  N V  I~~’ - I~~~~~It~~~N(~

RE ¶ 0* 0  ‘.5

AFCS M A Y ? ?  908 TAB: E-6-l
_ _ _  ______________ -~~~~~~~ ~~~~~ ----- — -~~~~~~



‘-1

O A T ?

A.  C. POWER J ’ -~, - , ’ ~~~~~~~~

I- Q L I-C.I I N ‘ ‘~ ‘ ‘ ~~~A L ’  -

Rece iver Site
CHECK SP ECI PICAT IO P4S PRIME POWER SYANO BY POW E R 

- —

I . V I ~~(IA L  - -

I NS P E C T  ION -A~ -A

R E G U L A •  ::-: :: - : : ~ -: ::~::::. -
~~ ;;::- :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V O LTA G E  

~ _~~~~~~~~~~~~~~~~

. 

~~~~~ - l
TON INPUT I N IT A L  A L  i ED V U I. A S C

_________ -~~~~ _-. “— ______— _______ —-—----- - _______ _________

_____— ~~~~~~ _~~~~~ _ 
‘17 

- 
~~~~~~~~~~~~~~~~~~~~~~ -1

P H A S E  B

P H A S E C

N I t  Y P A ? .

- - - - : - - - . - :- :- :- :- : - : - ;- : - :- :- :  - - -

ION OUT ‘L I T  - : -  - : :~~ - - : : -  :-: - -~ : : :. - - 
-  

- -: :-:•:-:::-:-: :  -:
_ _  _ _  _ _  _ _  _ _  

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

PHAS E C 1
N E L T P A ~

M A N U r A C T L , ? F o  V , II  S t N ~~A L  NLL’ . ’C?I-  II

___________________________ 
_______________________ 

A ~?93KA ______c . EN E R A r O R  
~~~~~~~~~~~~~ - ~~~~~~~~~

T I N~~ 
- 
TOAD 

- ______

51.~~-! 50%
E M A N L E A C T U R E ? ?  r ) r - I . 1

A U T O M A T I C  I
C H A N G E O V ER Lu~~ 

— 

AUtH 10 sec

____________ __________________ 
VOLTAGE REGULATOR RESPONSE
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‘ i  AFB , KS Ju ly 1975

Radi~i i  / A lt it  i~h - Out  / I~~~~1H ” iiL ’V/
i’rHci’.. Range (MS L) in A u t - -l Jn.. , 

— 
W a t t ~;

Rece ive r  T r a c k s
1 ORBIT ‘4000 —— — 339.1/ RX—E1 10 22 Tu~ 7$
2 360/50 3500 Out 339.1/R\—E1 10 72 Jul 78
3 360/50 3500 In 339.1/RX—Fi 10 2: Jul 78
‘4 180/50 3000 Out 339.1/R\—’I:l 10 72 J~1 ’. 7$
S 180/SO 3000 In 339.l/RX—E1 10 22 Tui 7$

Thansiiutt t’r 1~ ’1- h’~..i

6 230/5 0 3500 Out 351.1 -‘ ‘~-~—B1 10 27 Jul 7$
7 230/50 3500 In 351.1 ‘2Y—h1 10 72 Ju1 7$
8 080 /50 3500 Out 35l.I/ 1~ — ’ I~- 1 10 27 Jul “5
9 080/50 3500 In 351.l/~~(—B1 10 2 2 LT~ 7 7$
10 360/50 3500 Out 351.l/~~ — B1 10 2? Jul 78
U 360/50 3500 In 351.1/’1~ —P1. In 2.’ 2u1 7$
12 ORBIT ‘4000 — —— 351 .1/T\— R1 10 72 ~u1 78
13 180/50 3000 Oul 351.1!’1~ —i~1 10 2 .’ - 1i2’I 7$

180/50 3000 In 351.1 ‘1T~— 5l In 22 0~~: 7$
15 320/50 6000 Out 351.1/TX— Bi 10 .7,’ -..Tu~ 7$
16 320 /50 6000 In 3h1.1- ’TY— 1~1 10 2 ’  1111 79

Note : Range indicates distance from lv~ ;e t o  end of  i - - i
Orbits were flown at a 30 NH radius .

f R C A  I 4’ . 5  
- — —  -— ________________________________

A FCS M
F
A
F
y~~~~s 906 GENERAL INFOR MAT ION TAB:

~g- 4 ___ _____ _..-.—
~~~~~~
.
~
-
~~~~~~~. ~- - — -~~ ~~~~

— — - 
~~~~

— i  
- - -



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

~ L ~~~~~~~~ ~~~~ 

I 
-

. 
( ; 

~~~~~

‘C -- - - , 
. -

I- ” - - 

‘I
— I

I
’

A 

-

I;. 
~~~~~~~ ~ 

. - ,. \ , c~

~~~~ ~~ ‘- 
N - 

- “

-
~~:

—

~ 

- 

~~~~

4
, / - -

f
‘S -

- - -

4

- 

‘
/‘ ‘ I

I, 
‘ ‘~~~

-

_ _

\ 
V

‘I
. ‘S -f

‘-Ct

-‘ . 4 .
- C

~~~ ~-~f 3  k . T .\ ,: L ~.
-

N ,j I L 11 ,i I. -( ~~L ) ~ It‘.N, .~ T—~ j ~~~~~~~ 
.
~~~~ ~~~~

‘ I tTh -
-

V )  ‘~
5 p .  T - .  r ’ - , 

f l  - I” L~~ ~~~~~ L t . -.,. ’ i ‘i) -

J f d1~H I 3 I~~

~~~~~~~~ ~~~~~ M~’ILN€ ~
—

~~~~~~ ? ii’~t~M 1 fl (J\ -Y~JUL 7~-i 

-
- - .  

--
-

-- -: - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



---—
~~~~~~~~~~~~~~

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

ME~~I J ~~LL ~~~~~~ ~1 T~~~ \ H , I ~~

is:

- - ~~
— 

- ‘C- ) ,
4—

/ 
. \ ,

, 
_~~~\ I, ‘

‘
S,I( 1

I- —~~ ‘-- C— -- ~~~~~~~~~~~~
- -~~~

VG 

~~ 

~~J

I

. 

:

-

~~ 
/ _/~~I \- ~~~~~~./I 

I 

• 

/

— (

MLr(JNr~~L, H~ 3 ~RN C;F 30 NM.
PEC1~~V E~ S i T S  IILT JT IJL [ .  LI000 ~ T . M3iflNJ f~PR—24 !- ~EtJUE N(~ ~~~ 30 MH?

1 f
~~1~~~~J~~~1 Ii (iN t~ [

~ 1.~RL F~ E~’I5T
5[’ L~~[[ I 1~~[~~ 10 ~~F l  f~ ~ MqC- N~ T Nfl~ Tr~-~ 7 P~3M -- 10

-
f 

~2 ~
1L 1f

~C- ~~~~ I

TAB : F -2-2i
_ _ _ _ _ _ _ _ _ _ _ _ _  - . .- - ~~~~~~~~~~ - — — ----- --



-— 
- - - --- 

~~
—- - -  -

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

RADIATION PATTERN(..93.0 dBm R E F E R E N C E )

a w  0 0

z_ J  ~ 0 ~ ~ 0 0 C’~I ‘Sr c~
I I  ~~~~ ;

~ 
°c.i 0 ~ ~~ 

‘
~~ 

t~ °~~~ 0 0
u.I ~~ Z ,~~ .~ .~ 0 0 0 0 0 I I , o
_I UJ< 

- 0
— EC - - ,

- 3 I t , . - . • 1

U- ~~~ 4~~
_

~~~ ‘ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - .0 - 
4,. _;

~~~
_
~~~~~

i - t
~~~~~~~T - ..s!~’~ ~cc ;~

- 
~~~~~~ 

~~~~,
4

T~~~~
;
~* Y.p ~~~~~~~ ~ ~ 

~~~~~~~~~~~

o_ ,
~ ‘~

p . ~ 
—
~ ~ - ‘‘ Y~~~iL ~ ~~ 

“T ’  

~~~~~~~~~~~~~~~~~~~~~~~~~ 
g

(I ’) .4i~iT~ - ~~~~~ -C-~
-
~ ~I l~~~~~~~~~~ . 4  

~~ 

., 1 : 4 . . I  1’

~~ ~‘k:”-- e i” -II - .. ~~~~ ~~~ 
-

T ’C
~~~~~ ,~~ -~~ 

• ~~~ ~~~ 
I
,

— ~f
_

~~ ~~ w IC, A 5 1~~ .,4 , ~. ~~~ l-~~” 4
~~~~~ •3;

~~~:~~
L
1~ ~~~~~~ ~

i
T~~,II ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~I p ’t~~~~ 

~~~~ ‘
I

< ~~~~~~~~~~~~~~~~~~ ~~
‘

C~~. a~~
T. ’

~
I C . , .:~~~~/~~ T; 

‘ 

- --

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

/1~~~~~~~~~~
45 

;
~~~~~~~~3 :;‘~~~~

c 
~1 ~~~~~~~~~~~~ 

/ 

-

~~~ ~~~- !~~T
’ 

‘ 

~%,~~~ ;i 
; 

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

- 
-

- I / 0

~ ‘~4 ~ 
,;

~ 
:~ ~~ 

4~4 

~~~~~~ 
~ C’ 

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

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

~~~ 

~T 1~~ 
3I~ 

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

~5A~~ ’, ~T

~
j . I 

~ 
~~I A ~~~ .,

~ II~~’~
t4 ’Aj  ~~~~~~~~~~~~~~~~~~~~~ I -— ~~

~ 4~~ ~ 
-

~~ 

~ I ~~~~ 
(~ ;f  

~~~~~~ $LY j’~ ~ ;; :1 1~~

IY
~~~~~~ 

I~ ~ ~~~~~~~I T t ~~~~~~~~~~~

%~~0SA~~J ,44 I 
~ 
! ~ :~~ ~‘~n ~~

t~ 1: ~7 I ~ 
I
~~~ 

4 I .4~ 
~~~~~~~~~~~~~~~~~~ 

:‘ T 4 ~ ~~~~~~~~~~~~~ 
:“~1

~ 
‘C 

~ ~~~ ‘-
3 

;~~ 
T 

~~~ ~~~~~~ 
Ct Pj

I. *~ 
A 4~4 A 

•
.

,
‘-
, t14 .  ~~~~~~ ~~*‘~

-
~~-N ~~t c -~ ~~~ 

-
- -- ‘ ‘2

~~
- 

~t, ~ ~ V ~ ~; ~
‘
~
‘ ~~~~~ AA~~~ I ~~~~~ ~ Ct1 ,~ ~ 4

-
~~~
I ~ 

IV~~ 3 

~~~ ~ — : 
• 

~~~~ ~~~~ 

- 
_
,

_
~f

_3 -

~

, 
;.
~ ~~~~~~~~ ________

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

~~~~~ , I’~~~

’ 
.,~ ~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ ‘Y 

~~~~~~~~~ ~~ ~ 
-~~ 1 T

~ f~~

~~ 

,3*~I 
T

?~~~~~~~~~~~ 
;::

?$
:

#
~4~~

5
~f:: ~ ~ ~~ ~;:~ ~i ~~~ I ~ ~~~~ 

!~~

.
~~~~L- ~~~~~~~ ‘ ‘ ~. -~*. ., ‘: A~~~4- ,I “ ‘~

‘ .t~~~ ‘~~~~ ~ ~~~~~~~~~ ~ .-t~ ~L 5 ~~: ~i’ ~~~ i
IL c”) ~~ I’—

~~~~~~ ~~ -, ;t 
~~~~ ~T 

~~~~

~~ ~~ ~~

~~~~~~~
— -

~ -
-~~~~- , Y , A~~~~~~~ -J~~~~~~ Y ,1i 

0
/ 

a “ 

~~~~~~ 

— 
~~~~~~~~ 

;

~~~
4I

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

- 
“
~
- ~i 

—

J t I C . .  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~I 
-
~~ 

•,~
‘

,

, ~~
4 7I 

~~~~~~~~~~~~ 0

~~ ~J~I4~ 
-, 

— 

CCI ~~~~ ~ 

-

~~~

C 

,
~ % ~~ A i~ (~~ ~

_.
- 

~,
-‘: -‘

~~ - 
IYII~~~j * ~ TCI

4
I 

-
~~ - 

0 ~~Z ~~O~~~~ 0 0 0 o < ~~~~~~~~~~~~ 
a-,

O~~~~~p- 0 0 0 0 0 0 ~
)
~~~~

II-0_~~~uJ 0 0 o o
0 0 0 0 0

-Jz
4 —

TAB : F-3-1

T :.ii :

~

_ - •2~



~~~~~~~~

- - — 
-

~~~~

- - - -- - -- - — ---- - -- 

~~

-- - - - -

- - , -

-- S
• _
-~

- 
L~:);-~ ~

) it~TTERN - - ~~~ 
-. . ~~, L I I ~1 P[FER NCE)

C 0 0 0
•

- r 0 0 0 ~~ .!~
~
- 

- ::I ~ ~ C’J 0~~~~ 0 0w ~~ 2: ‘ 0 0 -:‘ C) 0 I 0
_J ~ L < ~ :~sf’ t —1--- I 

~~ 

j I 
,
,

II C1 , ~ ‘~
E
~~:4\ _  ,/ IC’) • 

~~ 
I I

~ t$~
;4

~~~~ 
~,~~~~

_
t - 

-

-/±4
~~~~~

___  ~ Is / 0
- 

. I . ;
~~~~~~~~

’
~
4

A 4 -- - -—- -- - - — - —- (0

_ _ _  

/
LU 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / /
~“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / /

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

~~ 
-
~~~ ~~~~~~~~~~~~ / /0

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

f J 
~~~~~~ ~~~~~~~~~~~ ~~~~ 4~~~4

C

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

- / ~ -
‘
, ~~~~~~~~ k~~~~~~~~~~~ / I

~,-~~~A ’ p  
~~~~~ £ - - - -

‘

‘I ~ 
-

_ _  

-~ 4~Y~ ‘; .L — -  -

4 ,t-I~/5
~ 

-
- J 

- 
C

- ‘

_ _ _ _ _  
~~~ C - ~‘ 

_ _ _ _ _- 0 _______

_ _ _ _ _ _ _ _ _  ~ r>-~______ 

7, , ( 4~L~~ ~‘I7 C) I
_______________ - I 

- S 
- 

- - Z 0 L—

~
, J’ - 

- ‘
~,I -~ 3’ LU I —

11 , 
- 

¶ • 
- 

~ 4~L ~~~~ ‘ I <
I~~ LU I,r ~ >-:

- 0 ~ (~)~~° ~~ I‘s- ’ ~ - (0 II. ~~~
3~~ 

-1
, 

,
~ 

1 ~~ y- - 
~~~~~~~~~ ~~~ - ~

“
~~~ 1

__________ 

~ ~~~~~~~~ ~ - •  
- 

~~ i
l_

I 
~~~~~

_______ - - ~ I D  LU~~~

_ _ _ _ _ _ _ _ _ _  

I
-

~~~~~~ ~~~~~~~~~• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘R , ‘A  - 

~~~$ 4 ~~ 
, 

- - 
~~~~~ I Z

• ,
~ ~ 

- 
- -- f , Y . ,.~.t. ~~ i— ‘ —

- 
I 
‘ r 0 -

- 
~ 2- :~ - - ~~ ~~~~~~~~~ 

1 W Z

_ _  

S 

~~~;
__ -

~~~ ~~~~~~~
____  

4<  LU r _ I Z W
3~~~ Z 

~- ~~~~~C 0 0 0 0 < ~‘)t~~~~)-

0 0 0 0 0 a ~~~~~~~ ~— j
O D W  0 ’  Q 2 0 c,

~~~<0~~~- W  0 0 0 0 010 —~~~ in _ _ _ _-—

T Idi : F - 3 - ~

LL~~ ,
~~~~~~~~~~~~~~~~~~~ - -



-

~~~~~

-

~~~~~~~~~

F~ADIAT1ON PATTERN (_ 1 3 .0 dithi RFFI R[NCL )

(,~~W °

- -, 0 0 0 ~~~ (0
~
- (

~ ) 
- -

~~ ‘-I ~> r ‘r c’,s 0~~~~ 0 0LU .- .- 0 0 0 0 0 I 0
~~~~~~ i~~ i H “± - =

I  /

/

/

~~~~~~~~~~~~~~~~~~~~~~/

/

~~~~~~~~~~

i

/

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

/
/

/

C ~

‘

~~

‘ -

~~~~~~

--‘:
-
k ’-----/

, 
- 

- 
I / ~

~~ :~ 

‘~ U 

/ 

\ /~
. ‘ T RS 

- - V
• 

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

- ~~~~~~ ~~~‘ ‘ ~~~~~ 
I 

-

~~~ / ~
/~ 

C / /
-‘ ~~~ f l ‘ ..... ,A / 0

• / -~~~~
-
~~~-~

- / ‘,‘i
- 

C - , LII / - 
- 

: 5
~~’1~ 

J 
~~‘1 

(
- -

~~ I
_____  ,~~~~~, .. -- - ..• - ‘ 0 -- --~~ - --

1 - - T co
- 

- 1 l I  - 01 Z
- ‘ 

-
~~~~ I I ’ - J ~~~~ 

Z I  0
- \ 1.~ L-, ’ 5 4 ~~~ LU 1 1 ~—* I - I L D 1 ,—~~~~~~

- ‘  I 0 < 1,/’)

- - - w —l~—~ ‘
I f -‘ I 0 L I V ~ 0

- I -  
~~~~~~~~~~~~~ 

— ‘ ---—-1-—
~~~

—- - -~~~~~~~~~‘—~~~~~~~~~
- 

~~*_  - 
(0

- 1 1 -
~~1

1 / ~
( 

~~~~~~~~~~~ (I)
I 

- -‘ 
‘ 

- IIj -
• II I—

- , I s - I  - :i 
~~~~~~~~~34, - 

• - - I - ~ - 
1 

~~~ 0 ~~ ~~
. < C’

-L 
C’ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LO “N,

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

-

‘ 

-

- 

,

- 

- 

~~~

•
- -‘

~~~~~

- ~~~~ 
~~~~ ~,l~ \ - l  

~~~~ o
- 

I..~~~~3 -N ~~ ‘I 3 ’ ,~~ C.) - - .  -C’ - - ——
- C VII IC’ - ~4 - 1 - ~ f k ~ ~u — -I ‘

~~1$ ~ .4 
~ 1 s3~’ 

Q CO 4F~ z

0~~~ 0 0 0 0 0 0 <
O C i .- 0 0 0 0 0 a ’ IZ Il

~Q D W  0 0 o o o
0~~~- IQ 0 0 0 0 0vi ‘~~ ci ,- _ _ _  - —

- TA 1~: 1-3-3

_____- - - ~~~T~~~:_ - . - ~ - ~~~~~~~~~~~~~~ 
-

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



RADIATION PATTERN (-9 1.5  dBm R[ F E RENCC)

(3w 0 0

0 C’ 0 0 0

~
1
~? O~~~~~~~v (0 ~~ ‘ C”I O~~~ ~ 0LU UJ z — ,~- — o 0 0 0 0 1  I -

-
‘ 

j  -
~~~

‘-  - ----- - - 4 ---- F f I 1

4 ,. - 
.
~~~~~~~~ 

,41 . .  —-~~~ — - - .
~ 

-- ,— - - - - coC/) /1 - / / ~ ‘i / ‘
/

/1 / -I~ I-

- I  / ‘ . \ ~/~~ ~I-~~ I J~~ • j  •~~~~~~ C

~~~~~ ~~~~~/ s ~~~
’
~s 

~~ - ‘ I ! .~ .‘, ,
1

/4~’0-~-~
- ~

/L ~
-i
~

-
~~r —~~T~~ -- -~ / / ~= ~~~~~~~~~~~ 

~~~~~~~~~~~ / 4— 
- -

~~~~

/~TS l~~~~ , ,,- ‘/ C L ~~~’ /4*~~~~3’~ / - - 

- 
-

** l J  I , 1 -

:- - 
- - 0

< j  - - - --
7
L ~~~~ - IF - -- - - - . . - I

LU / - ~ 
, , /  -I /~ - 

-
/

(Y) / .- 4 ~~~i -
, / -

‘4* /

~~ 
1 ‘ - f

t 

~~~~~~~~~~~~~~~~ 
- ‘ C~~ ~~~~~- - ~~~~~~~ -

1 
-1

~ ‘C 
- 

- 
- 

-
CC ,~ ‘~~ 

- 
~V ~-~~*- ‘ - —t---.-* I~~~..’ A.. ~~~~~~ - - - - ~~~~~~- “  -- -/0

11, ‘ I ,

7 

4 1 
- - I - - -

,
~ 

‘
, • C *L 

-

- - —
~
--- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ r~T~~~ 
_ f _ -

- C -
~~~$L 1- ~~‘ 

- 

~~
, j - 

~~~~~~~~~~~

I
- -~~

‘
C’~ ’~~ 

‘
‘

1 
.7~~j . P~ 13’~ ~-~~~ • -, *~ 

‘-~ •
- ~ 

~~~ o~~~C_)
- J t .

~~ -~ j -~~~ ~
f l  

- 
;
‘ - 

; -
‘ 

- - 
- 

I - 
~‘ J~~ ~~L ,I) 

—
I

~~~ t- - 
- - - I ~

‘ - i - ~ - ~
-‘-

~ 
(I)

I~~ 

— 
- 

s 74 1 1 - II

- 
I 

- 
j C •3’~ 

I - 

LU

~~~ ~~
t 1 t

~~~~ 
~~~~~I41L~4~~~~~ ~

ç
- 

~~- 
~. 

-‘ 
- 

j , ~. 
1~
4 

_ 
—

-
~ ~~~

4’~’~: 
-~--r - 

~~~~~~ ~_
f ’ 3~~~~~~~

_
~~

_ -— - - -  

~~~~~~~~~~~~~~~~~~ Z~~~ I 
L

II ‘1~~~~~ • , - - - 
>S 4 - ... <

1 #4 0 - C ~ “N - 
C) - - —

‘ ‘ p1 , 
~~~~~~~~ ~ 

II I -  
~~. 

L 1 LU .—.
- R - C ‘ (3 ,.. CfD

~~~~~~~~~~ - C I- ~~~~~~~~~~~~~~~ ~ C” 
- — C’-~ ~ ~~ - ‘-~ ‘ ‘ Z D  ~“ Z

‘C

, 

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

-
-
~~~

‘

~~~~~~~~
- _

~e~ ~~~~~~~~~~~~~~~~~ ~~~~
, -;I

~~~~~~~O~~~ 0 0 0 0 0 0 4 ~~~~~~~~~~~~~~

O~~~~~.. 0 0 0 0 0 ~~~1

~~

TAB : F-3- ’I

‘—4



RADLAT~ON PATTE RN (-97.s  dBm R E F E R E I I C E )

OuJ 0 0 0

- ~- ° ° -, CCI ‘
~~ 

(0

~ c~ 0 Cx) ‘~ 
‘~~ ~‘CI 0 0 0 0LU 

_ _  ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~ /

Y

f Ill 1 ,~ I

/~~~~VI 
1 /

- g
‘ I  

-I ~ ~ !%~ -
LI 11, 0. LI/ _ *$~~~J4~ ~

-
‘ ~~ 

- 

‘ -~ 

~~

— 
‘
~‘4*i __________ —- ‘ ‘ 0 — -‘  — — —

1~~~ 1’ 
- f - —------- — — - -——-—1-” - -- - — ..-> - -- - -- 

~~~ 
~~~

~~~ 1- 1 

~~i - Z

-, / 
_ _ _ _ _ _

- 
-

~~~~~~~~ ~~~~~~~~~~~ 
3 4  

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

- ~I 4’?’~I 
- 

‘ i l  / . - ‘ 7~~ 1

I~~ I~~~
J 

- - ‘ 1 ” ~ I - 

~~~ 1 - I
-
~ - I H- LU ~-

•
“
ç

1

~
-
~* ~

-
~~~:-  - 

~~ 

-—-4— --—----’
~
--/-——-- - : ~~ 

2’

f ~ 
—

4

~
’

-k

~I ~ ~~
- ~~~~ 

- 

- 
- 

- ‘ - ~~~1 4*: i 1 Z~~

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

L~
Jj

SO 
- - w 2 ~~~~

‘ ——

p.. 

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

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

~~~~ L

- TAB:  1-3-S

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

..



- -  _ _
~~~~~~~- - ~~~~~~~- _

~~~~~~L ” ~~~~~

RADIATION PATTERN ( -97 .5 dI3rn R E F E R E N C E )

0 0 0

0 0 0 0 ‘~~ (0
• 0 0 0c~ 0 ~ 

(0 . 0  0 0

• r 

~~ 

C

/ 
/ ~ 

~~~~ “

/  
‘ 

— - 
fI~~~I’ /

I 

/

1 

/ ~~~~~~~~~~~~~~~~

‘

~~~~~~~~~~~~~~~~ // 
- 

~~

- ‘ T  

/ 

-

—: 
_ _ _ _  

_ _ _

__________ -

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

Ui
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Ui ,
_ _ _ _ _  ~~~ —

______

‘N

~~~~~~~~~~~ 

.~~~~~~~~~ ,

_ _ _ _  ~~~~~~~~~

‘C ~ 
A~~, -U

ia~~~ - 
_ _  

I . 

_ _

- - 
_ _  ?~~

_ _ _  

-

i 

- - 

~~~~
- 

_\
~~ _

S 

~~ 
;~

_ _ _ __ _ _ _- Z -~ 
< I ”C’ Z~~

_ _ _ _ _  

C ~~~~4
S~~~~

$S
’S

-
~ 

~~~~~ - I- --- ~-

—— ‘ ‘ ‘~~~ 

~~~ I aD

~~~~~~C 
-- _ 

~~~~~~ ~ z ~ LUO W  0 0 0 0 0 0 4O Øp.. 0 0 0 0 0 0q~~~~W 0 0 0 0 0 c
~
J
~~< H-O p.— w 0 0 0 0 i10 (1 C— ___L _

~~~

TAB : 1-3-6



- 

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

---—- -- -__ - ---— 

~~~~~~

--- -

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

---

~~~~~~

-— -

~~

-—-

~ ~ 
- - - ———-——-—--—--— 

1~ 
N A M E  fj I ~ I ’ L l

FREQUENCY OF REF I~AC T I l E  CO P-WI T IONS IN PERCENI 
j  McCo nnel l AFB , KS

T R A C P - I ’ L- S U P E R R E F R A C T I V E

I 

,THdI ~ll4~VTt ! .. ~:1ffl~ 
‘: 

~~~ 

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

_ _ _ _

___

~~t Lt ~~~~
I 

~~~~~~~ 
C 

-C ~~~t f
‘ 

~~~~~~~~~~~~~~~~~~~~~~ 
60 ‘ : , .  i ’ : .

~~ 4- - 1 - . t - j ~ 
- --

~- t ~-—’—~~~~~’ ~
— -

I 
+ ~~ 

I 
- —___

_____ I 1- I I

~ 

I

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

S
i,1

~

i

D

~~ 
0 

~~~~~~~~~M
’

A Mt A Mi
N O R M A L S U B R E F R A C T IV E

• - ~~~~ 

z -
~ 

~ :: ~~~~~~~~~~~~ F1 ~~~ 

_II ~~~~~~~ ~~ 
~~~~~~ 

- - :: ~
_______ - 4 •-~~~ -,±~~~- ~~

J U A N I O ~~~~~~~~~~~~ I ii
F O M M

AFCS 
~~f 1 ‘3 920 TAB: 0-1

_ _ _ _ _  

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

~~~~~~~~~
--- - - - - — - -



SO- - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~-•—‘ 4’

i~ EFRA (TIVE’ HEO1~ ‘5 AN I) DEFINITION S

I .  The bend ing or r e t r a c t  ~ I i r ,  I I I  ‘ l I l t  r ‘inagn ~ -t II energy as it passes through I he a i r
occur s because of the st ruc tu re  of the troposphere. Energy propagated through a vacuum
would travel in a strai ght line. SimiA arl y, ‘ f lergy t r ansmi t t ed  through any gas (or li quid)
that is uniform in density perpend~rular to the  d i r e c t i o n  in which the energy is travelin~,will follow a straight line path. Howev er , due to th e ph ysical characteristics of the tropo-
sphere , the de nsity of the troposphere decreases w i t h  increasing height. Therefore, the
front  of energy t r ansmi t t ed  at low I ’ l e v a t i l l n  angles wil l be subject to refract ive bending.
Usually, the top of the wave f ront  will  mov e  faster than the bottom , since the density of
the atmosphere decreases wi th  height.  The result is a downward bending of the
t ransmi t ted  energy.

~~. The number that  describes the r e l a t i v e  speed of propaga tion in any substance is
referred to as the index of refract ion (n ) . It is defined as the ratio of the speed x ’f
propagation of electromagnetic energy in a vacuum (c) to the speed of propagation of
electromagnetic energy in the medium in question (v ) :

C
n

V

Withi n the wavelength band from 1 cm (30 GHz )  to 10 meters (30 M l-lz), the i ndex of
refract ion does not change appreciably as the frequency changes. The typ ical range of
values of n at sea level is from 1.000250 to 1.000450. Since these numbers are difficult to
work wi th , a “scaled-up ” quanti ty called re f rac t iv i ty  (N ) is used, and is de f ined as

N = (n - I) io6

Thus the range of values of r e f r a c t i v i t y  at sea level becomes ~50 to 450 N-units.

3. As mentioned earlier, the bending of energy is caused by the change in density wi th
h.-~ig ht in t he air. Since the speed of propagation of energy is re lated to the density of the
air , and t he r e f r ac t i v i t y  (N ) is related to the speed of propagation of energy (b y
dl  - t i n i t i o n ) , then r e f r a c t i v i t y  in the troposphere is di rect l y r ela ted to the density of the
air .  Therefore , the bending of e lectromagnet ic  energy may be thought of as duo to the
change of re f rac t iv i ty  wi th  hei ght in the troposphere , or the vertical gr adient of
r efract ivi ty .  It is important  to note that  it is not the value of N at a particular point that
determines refraction but it is the gradient of refractivity that must be considered. The
re f rac t iv i ty  may be related to the meterorolog ical variables of pressure (p), temperature
I T), and water vapor pressure (e) by the following equation:

A1 Be
N r

T T

where A and B are constants. The normal rapid decrease of p and e with height in the
troposphere leads to a decrease of N with  hei ght. Temperatur e usually decreases slowl y
with height , and this has an opposite ef fec t  on the change of N. In the so-called
“stan dard” atmosphere, the result is that  N will  decrease by about 12 N-unit s per 1000
feet of altitude through the lower levels of the troposphere, and 6 N-units per 1000 feet in
the upper levels. It is this decrease of refract ivi ty  wi th  hei ght that leads to the “normal”
downward curvatur e, or refraction, of electromagnetic energy.
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REFRACTIVE THEORY AND DEFINITIONS

4. In the 0real” tro posphere all is not so simple. The temperature and water vapor
pressure may vary in any manner , while  at mospheric pressure will continue to decrease
with he ight. This seeming ly rando m variation of the meteorolog ica l terms will lead to
unusual changes in re fractivi t y wi th  hei ght .  Ref rac t iv i ty  may decrease more than in theN standardn troposphere , causing more pronounced bending of electromagnetic energy . On
the other hand, re fract iv i ty  may actuall y increase with height , which may resul t in an
up ward curvature of a radio/radar beam (opp osite the curvature of the earth). The
propagation of electrom agnetic energy along a path that is different  from the usual or
expected path is known as “anom alou s propagation ” (AP) . The refraction that results
under various AP conditions is referred to as either subrefraction , superrefraction , or
trapp ing (chicting). These re fractive conditions , the effects  on electro m agnetic energy
presented as a single ray, and the gradient’~ of refractivity that may cause them are
defined below:

a. Subre fraction: Ray curvature is upward. Rad io/radar ranges are significantly
reduced. The occurrence is quite rare. The gradient of refractivit y is equal to or greater
than 0 N-units/ 1000 fee t (average “ standard” value is - 12 N-units/l000 feet) .

b. Normal re fraction : Ray curvatur e is downward but not as much as the
curvature of the earth. Radio/radar performance is generally undisturbed, and the
occurrence is frequent. The gradient of refractivity is less than 0 N-units/ 1000 feet and
greater than - 24 N—unit s/ 1000 feet.

c. Superre fraction: Ray curvature is downward , more sharply than normal , but
not as much as the curvature of the earth’s surface. Radio/radar ranges may be
significantly extended; the occurrence is frequent.  The gradient of refractivity is greater
than -48 N-units/ 1000 feet and less than or equal to -24 N-units/ 1000 feet.

d. Trapping : Extreme superrefract ion , w i th  downw ar d curvature equal t o or
greater than the curvatur e of the earth’s surface. Radio/radar performance is greatly
disturbed , ranges are greatl y extended , holes in coverage may appear; occurrence is not
normally frequent. The gradient of r e f rac t iv i ty  is less than or equal to -48 N-un its/ lOGO
feet.

5. For an understanding of re f rac t ive  e f f ec t s  on the system being evaluated , re f er to
AFCS Pamphlet 100-79.
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