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EVALUATION OF AIRPORT SURFACE DETECTION EQUIPMENT 
MODEL AN/MPN-7 (XW - 1) 

PART I 

TECHNICAL EVALUATION 

YUMMARY 

This 1s the first of two reports which 
describe the evaluatmn of an expernnental 
anport surface detection equipment (ASDE) 
designated by the Department of the Air 
Force as Radar Set AN/MPN-7 (XW-1) 
Orlglnally called Radar Set AN/CPS-8 
(XW 1). this equpment was modlfled to 
prowde mformatmn necessary to facllltate 
the movement of traffic on the surface of an 
alrport durmg condltmns of poor vlslb,llty 

Part I of this report 1s concerned with 
the technical phase of the evaluatmn pro- 
gram Part II cov?rs the operatmnal tests 
conducted durmg the program 

Aznnuth errors of the equpment were 
less than one degree, and range errors were 
less than five feet The azxnuth resolutmn 
varied from 35 to 70 feet at ranges of 1,000 
to 5,000 feet The range resolutmn was 
22 feet at a distance of 5,000 feet The 
performance was not greatly affected by 
preclpltatlon except d u r ,n g exceedmgly 
heavy ramfill 

Recommendatmns are mcluded for 
improvements in subsequent models 

INTRODUCTION 

A problem of axport traffic control 
under poor vlslbll,ty condltmns 1s to deter- 
mine reliably the locatmn of aIrcraft and 
vehicles on the surface of the axport in 
order to establish whxh runways and taxI 
strips are clear and ava,lable for use Smce 
operations are now authorxed in some loca- 
tlons under condltlons in wh,ch v,s>blllty 1s 
restrlcted to one-half m&, It has became 
mcreasmgly dlfflcult for personnel in the 
control tower to exercise “lsual surveillance 
over the entlre azport area This problem 
becomes acute at lsrge axports, not only 
because the area which must be brought 
under surveillance 1s large but also because 
the accuracy of the controller’s depth ,,er- 
ceptlon dlmmlshes with distance These 

condltmns result in errors ,n ,udgment and, 
consequently, m Inadequate ground control 

There have been proposed several pas- 
slble solutmns to the problem of prov,dmg 
the control tower personnel with more mfor- 
matmn regardmg the movement of ground 
traffic durmg condltlons of poor vlslblllty 
These mclude the use on or alongsIde the 
runways and taxI strips of mechanxal, elec- 
trlcal, or electromc devxes to detect the 
passage of or to determme the locatlon of an 
object near them Most of these solutions 
either present an extensive mstallatmnprob- 
lem or lack means of provldmg contmuous 
mdlcatlons of the neceqsary mformatlon 
The most promlsmg solutmn appears to be 
an accurate, hlqh-resolutmn type of survexl- 
lance radar equipment whxh provides con- 
txluous lnformatlon and 15 relatively sxnple 
to Install 

In order to determme the extent of 
assistance which radar equipment rmght 
render in lmprovmg the ground traffic can- 
tro1 s1tuatmn. the Alr Navlgatmn Develop- 
ment Board mltlated a program under ANDB 
Project No 6 2 3 to evaluate ASDE, which 
was developed under ANDB Pro,ect No 5 1 
The radar unit was obtamed on a loan basis 
from the Rome Air Development Center of 
the Department of the Air Farce After 
extensive modlflcatwn by the Airborne In- 
struments Laboratory, It was moved I” April 
1951 to the Technxal Development and 
Evaluation Center of the Clv11 Aeronautics 
Admmlstratlon at Indxmapolx, Indiana, far 
eva1uat1on The trailer hausmg the equip- 
ment was Installed at a site on the west side 
of Weir Cook Mumclpal Axport 

The evallatlon program was dlv,ded 
Into two phases, a techmcal evaluatmn and 
an operat1ona1 eva1uatmn The techmcil 
phase was conducted by engmeermg person- 
nel. and the results are contamed in this 
report The results of the second phase of 
the evaluation program,whxh was conducted 
by traffic control speclallsts, are Included 
in Part II of the report The evaluation 
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Fig 1 U S Air Force Type K-78 Trailer Housng ASDE 

program was completed and the equipment 
returned to the Department of the Alr Force 
11, March 1952 

DESCRIPTION 

The equpment which was evaluated 1s 
a I 25-centuneter (cm) search radar orlgl- 
nallv Identlfled as Type AN/CPS-8 (XW-l), 
developedbyG,lflllanBrothers, Incorporated. 
Los Angples,C&iorma Modlflcatmns oithe 
unit to m~prove performance characterlstlcs 
were made bythe Airborne Instruments Laba- 
ratory.Mm~ola New York,on Department of 
the Air Farce Contract No AF-28 (OSS)-9, 
m,th funds supplled by ANDB under PrOJeCt 

No 5 1 The radar set, n-w designated as 
AN,MPN-7 (XW-1). conil~ts of the iollowng 
basic parts a transmitter-receiver cabinet. 
tao mdlcator cab,net$, i ou r rack-panel 
mounted power supplies, and a parabolx type 
antenna system The ?qulpment 15 housed 
in a UC;AF Type K-78 trailer, wh,ch 1s shown 
in Fig 1 

The transmitter 1s deilgned around a 
Type 3J31 K-band magnetron wh,ch ,n this 

n,stallatxon supplies a peak power of 20k,la- 
watts at an average power of approxunate1y 
4 watts The modulator employs three Type 
5D21 vacuum tubes connected in parallel and 
operates from a 11ne type pulser whxh 
terminates In a Type 4C35 hydrogen 
thyratron 

The receiver canslsts of the usual 
duplexer and associated swtchmg tubes, a 
thermally tuned Type 2K50 reflex klystron 
local oscillator,?. four-crystal m,xer a5seIn- 
bly , a dlstrlbuted ampllfler pre-ampl~ixr, 
and a w 1 d e-b and mtermedlate-frequency 
ampl~iler employing iour triple stagger-tuned 
clrcults 

The two xndxcator display units house 
video amplli,ers, power supplies, servo- 
system eqInpment, and deflectnn clrcults 
They also house 12-Inch diameter Type 
KlOh2 P2 cathode-ray tubesmanufactured by 
Allen B DuMont LaboratorIes, Inc The 
transmitter, receiver, and lndlcator cabinets 
are shoun I,, F>g 2 F,g 3 1s a block dla- 
gram of the equpment Most of the power 
supplies, with the exceptmn of those for tube 
illaments and the high voltages for the 
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Fig 2 Transmlttrr. Receiver, and Indicator 
C ablnets 

magnetron and PPI tubes, are contamed I” 
racks at one end of the trailer Fig 4 
sho\x s the arrangement of this portlon of the 
equipment 

The nntenna 1s a horn-fed truncated 
parabola, 7 l/2 feet long and 3 feet high, 
to which a spooler plate has been added to 
provide a cosecant-squared pattern approxl- 
mately 10’ wide XI the vertx:al plane The 
horizontal plane pattern of the antenna 1s 
0 4’ wide at the half-power pomts 

The block occupancy system mhlch 1s 
used ln COnJUnCtlOn with the ‘alan posItIon 
lndlcator (PPI) to provide remote x,dxat,on 
of targets wlthln discrete areas consists of a 
hood adaoter assembly, photocell ampl~ixrs, 
power supplles, and a light type lndlcator 
display unit A hood adapter contam~ng the 
Tvoe lP42 photoelectrlc cells IS posItIoned 
o>er the cathode-ray tube, with each photo- 
cell momtormg an area 1,/4-Inch square 
The light from a target appearing u~thx, this 
area actuates the cell and produces a signal 
which 15 ampllfled and used to trigger a 
blocklng oscillator The blockmg oscillators 
generate pulses which oDerate relays 
controllmg the warnmg lights 

Other equpment furnIshed by the 
USAF for this program Included a modlfled 
Type TSK-2SF spectrum analyzer, an MIT 
Model 5 synchroscope (A-scope), a Type 
TS-223,‘AP Test Set. a Model F-259 
Dvorecord 35-mllllmeter (mm) camera, and 
ii trigger generator variable from 5,000 to 
20,000 pulses per second (pps) 

TEST PROCEDURES 

Accuracy Tests 
Aznnuthaccuracy tests were conducted 

by comparmg theodollte and radar measure- 
ments of aylmuth angle between a ixed 
reference point and selected targets Angular 
rnensurements on 8- by lo-mch enlargements 
of PPI photographs were made to obtain 
radar arwnuth data Both wrcraft and corner 
reflectors were used as targets during the 
test5 

In determmzng the range accuracy, the 
range mark delay control was adjusted so 
that the first range mark comclded wulth the 
return of a corner reflector at a measured 
dlitance of 2.000 feet The corner reflector 
wils then moved so that Its return comclded 
with the 4,000-foot range mark, the actual 
distance was measured to the radar antenna. 
and the error was determmed These tests 
were repeated at various azimuths 

Resolution Tests 
Azimuth resolution at distances from 

1,000 to 5.000 feet was establlshed by 
measurmg the angular separation required 
between two corner reflectors to produce 
two separate and dlstmct targets on the PPI 
Targets producmg dliierent amounts of return 
were compared for resolution characterlstlcs 
at a range of 1,000 feet 

Sun~lar techniques were employed to 
determme range resolution, except that the 
radial separation between reflectors was 
measured The effect on range resolution of 
pulse uldths from 0 015 to 0 OR mxrosecond 
was studled by means of photographs 

Antenna Tests 
The horizontal plane pattern of the 

antenna was determIned with the antenna 
locked at a fxed azrnuth A corner reflec- 
tor was ilrst placed at the pomt of maxnnum 
return and was then moved away from the 
center of the beam in mcrementc. of 0 05” 
In each posltlon, the radar return was 
measured by observmg the amplitude of the 
video output on an A-scope A wooden ba>e 
42 feet long, drllled at suItable Intervals to 
support a pole holdmg a corner reflector, 
was used III these measurements to assure 
target stablllty All horxontal plane pattern 
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Fig 3 Block Dmgram of AIrport Surface Detectlol Equipment (ASDE) 

measurementswere made at a range of 4,000 
feet to assure operatlon KI the Fraunhoier 
region 

To lnvestlgate the vertical plane pat- 
tern of the antenna. the angle of the top of 
the main lobe with respect to ground was 
first establlshed This was accompllshed 
by observing the altitude at which landlno 
alrcrait became vlslble on the PPI This 
process lndxated that the top of the lobe 
uas essentially parallel to the ground when 
antenna tilt was set at zero The shortest 
range at which a target could be seen on the 
lndlcator was then determIned to obtain the 
angle of coverage The tests were conducted 
with the antenna mounted on a CPN- 18 tower 

Photographs of the PPI, taken with a 
Dvorecord Model F-259 35-mm camera, 

were used to compare radar coverage ab- 
tanned with the antenna mounted on the 
trailer and on a CPN-18 tower 30 feet in 
height Sxn~lar photographs \nere employed 
to examme the extrelnes of coverage ob- 
tanned when the antenna was tllted * 2 0” 
from a horizontal posltlon 

Servosystem Tests 
Measurements of servosystem lag and 

of the extent of fluctuation in servo-error 
voltages were made from enlarged photo- 
graphs of osc~lloscop~c traces To determine 
the magnitude of the maximum error voltage, 
a Model 512 Tektronix cathode-ray osc~llo- 
scope was connected to the input of the 
servoampl~f~er The antenna drive motors 
were s\*ltched on and off rapxdly =hlle the 



Fig 4 Power Supply Racks 

maYlm”m and ml*lmUm amplhKles of the 
error voltage were bemg observed The 
resultmg oscilloscope traces superimposed 
an a callbratmg voltage signal were then 
photographed with a Model F-284 FaxchIld 
polarold camera The same phatographlc 
and osc~lloscop~c techmques were used in 
exam~nmg servosystem lag and error voltage 
fluctuatmns under various condltmns of am- 
pllfler adJuStment After It became apparent 
that no further reductmn in error voltage 
fluctuatmn could be achieved with the exlstmg 
equpment, electrical dampmg was Introduced 
I* the servosystem by mcorporatmg a twin- 
tee network Into the servoampl~f~er cmcuts 
After this modlflcatmn, further tests were 
conducted 

Block Occupancy System 
The block occupancy system was pre- 

pared for testmg by msertmg photocells in 
the hood adapter assembly to cover aportmn 
of one of the runways AIrcraft were then 

taxled through the area under surveillance, 
and the operatmn of the warnmg Indicators 
was observed 

Preclpltatmn Tests 
The effects of ram, 5now. and fog on 

radar operatmn were studled by d,rect ob- 
servatlon and with the aId of photographs of 
the PPI under weather condltmns sutable 
for such tests 

Radar Area Tests 
The radar area of targets was meas- 

ured from photographs of the PPI Vehicles 
were statmned at ranges of 500. 1000, 2500, 
and 4000 feet with headmgs provldmg front, 
rear. and broadslde views from the posltmn 
of the radar equpment The negatives of the 
five exposures made ateachof these headmgs 
and ranges were proJeCted to a distance suf- 
flclent to provide the magnlflcatmn necessary 
for precise determmatmn of the areaof each 
target 



Durmg the tests, the sharpest focus of 
the sweep was mamtalned at a pomt of the 
lndlcator representmg a range of 3,000 feet 

The following types of vehicles were 
employed as targets 

TYPE OF VEHICLE DESCRIPTION 

Douglas C -54 Large-sze 
4-engme amcraft 

Douglas DC -3 Medium-size 
twm-engme alrcraft 

Beechcraft C -45 Small-sxe 
twm-engme arcraft 

PIper Clipper Four-place 
personal arcraft 

Cessna 140 Two-place 
personal axcraft 

Jeep Fue Truck Small-size 
utdlty vehicle 

TEST RESULTS 

Accuracy Tests 
The azxnuth accuracy of the equipment 

measured with a Douglas DC-3 aIrplane as a 
target produced the results shown m Table I 

To prevent the factors encountered m 
the aforementmned tests from mfluencmg 
measurements of radar accuracy, the tests 
were repeated usmg a corner reflector as a 
target and usmg range scales selected to 
utllme only the center of the PPI This 
series of tests produced the results shown 
ln Table II 

Fig 5 Appraxnnate Locatmn of Targets m 
Range Accuracy TeTts 

TABLE I 

AZIMUTH ACCURACY TESTS 

PosItlo** Theodollte Radar Error”* 
Bearmg Bearmg (degrees) 

(degrees) (degrees) 

1 311 15 313 30 t2 15 

2 340 92 341 90 to 98 

3 356 85 357 60 to 75 

4 26 40 26 70 co 30 

5 40 35 40 00 -0 35 

6 71 51 71 80 to 30 

7 I02 14 102 90 +O 76 

*PosItIon numbers refer to the lacatmn 
of the target on the aIrport See Fig 5 

**While the InformatIon shown in 
Table I mdlcates the azimuth accuracy ob- 
tamed under normal operatmg condltlons, It 
15 believed that other factors contributed to 
the excesslxe errors found m certam test 
posltmns For example, m some cases the 
targets were close to the edges of the PPI, 
and measurements were thus affected by the 
nanlmearity of the sweep It also proved 
dlfflcult to select a reference for precise 
theodallte measurements on a target such a5 
the DC-3 alrplane when the attitude of the 
craft, with respect to the theodollteoperator, 
changed from one posltmn to another 

TABLE II 

A7IMUTH ACCURACY TESTS 

Posltlono Theadallte Radar Error 
Bearing Bearmg (degrees) 

(degrees) (degrees) 

1 311 25 311 30 to 05 

2 342 00 342 50 to 50 

3 355 65 355 70 to 05 

4 22 00 21 50 -0 50 

5 36 45 36 00 -0 45 

6 71 40 70 80 -0 63 

7 100 00 100 ‘0 to 20 

*Posltmn number\ rcfcr to tarart 
1ocatmn See Fig 5 



TnBLE III TABLE V 

RANGE ACCURACY TESTS AZIMUTH R&SOLUTION TESTS 

R?%llge Pasltlon* Aznnuth Angle Error** 
(feet) From Zero (feet) 

Reference 
(degrees) 

2000 1 0 0 

2000 2 48 5 0 

2000 3 77 5 0 

2000 4 129 0 0 

2000 5 155 5 15 

4000 6 53 5 0 

4000 7 91 25 0 

*Posltlon numbers refer to the location 
of the target on the anport Se? map,Flg 6 

**Zero error was recorded If the 
target return lay wlthm the range mark 
whxh was equvalent to 10 feet m width 

Range 
(feet) 

1000 

5000 

Separatmn Requued to Resalle 
Tw, Targets 

Target Near Target Near 
Edge of PPI center of PPI 

(feet) (feet) 

36 30 

65 49 

TABLE IV 

AZIMUTH RFSOLUTION TESTS 

Range Separatran Required to Resolre 
(feet) Two Targets 

‘Low Gam **H,gh Gam 
(feet) (feet) 

1000 35 35 

2000 36 40 

3000 40 44 

4000 49 59 

5000 65 70 

*Low Gam - hlmrnumusable receiver 
gam level 

Fig 6 Approximate LocatIon of Targets in 
Range Accuracy Tests 

A series of tests to determme the 
o>er-all aznnuth resalutlon of the equpment 
under normal operatmg candltmns produced 
the average characterlstlcs shownIn 
Table IV 

**High Gam - 12 db above minimum 
sqnal level 

Tables I and II show data obtamed alth 
a pulse repet1tnn frequency (prf) of 5,000 
pps, a pulse x+ldth of 0 02 mlcrasecond and 
an antenna rotatmnal rate of 60 revolutions 
per nunute (rpm) 

The results of the range accuracy tests 
of the ASDE are shown in Table III 

Some of the tests u.ere later repeated 
to Avon, the lntroductlon of errors caused by 
nanlmear~ty of sweep and to ascrrtan, the 
extent of nnprovement in azunuth resolution 
charactcrlstlcs which could be obtamed by 
moimg the targets away from the edges of 
the PFI The separatnn requred to obtain 
resolution between two targets \,,rles con- 
slderably with the posItIon of the targets on 
the cathode-ray tube, as sho%n by data dls- 
played in Table V To study rrsolutlon 
characterxstlcs further target< pro\ldr,g 
leqs return than standard corner reflectors 
mere evammcd Table VI ihowrr the \cpara- 
tlon requued to ifcure resolution from 
sr\eral such target\ 



TABLE VI 

AZIMUTH RESOLUTION TESTS 

Range 
(feet) 

Type of Target Condltmns Separatmn Required to 
Resolve Two Target\ 

(feet) 

1000 

450 

Corner reflector Normal orlentatmn 30 

Garner reflector Back of reflector toward radar 26 

Men 21 

Sedan dellvery trucks BroadsIde to radar (Measured 29 
bumper to bumper) 

MeTI 12 

TABLE VII TABLE VIII 

RANGE REYOLUTION TESTS 

Range Separatmn Requmed to Resolve 
(feet) Two Targets 

*Low Gain **H,gh Gam 
(feet) (feet) 

1000 20 20 

2000 22 21 

3000 23 22 

4000 24 24 

5000 22 22 

*Low Gam - Mmxnum usable receiver 
gam level 

**High Gam - 12 db above m~nnr.“m 
signal level 

RANGE RESOLUTION 
AS A FUNCTION OF PULSE WIDTH 

Range 2000 Feet 

Pulse Width Separatmn Required 
(mcroseconds) to Resolve Two Targets 

(feet) 

0 08 27 5 

0 06 25 0 

0 04 23 5 

0 03 22 75 

0 02 20 0 

0 015 14 5 

0 01 No return 

Range resolutmn of the equipment 15 
shown I” Table VII 

Tables IV, V, VI, and VII show data 
abtamed with a prf of 5,000 pp’, a pulse 
width of 0 02 rmcrosecond, and an antenna 
rotatmnal rate of 60 rpm 

A varlatmn I” prf from 4,000 to 10,000 
pps caused no notxeable change in resolutmn 
characterlstlcs 

The “se of var10”s pulse widths pra- 
duced the changes in range resalutmn shown 
I,, Table VIII 

As a result of the comparatively small 
differences in range resolutmn produced by 
changes in pulse wdth, the mtermedmte- 
frequency bandwIdth of the receiver was 

exammed A curve of the magmtude of a 
continuous wave signal applwd to the f,rst 
detector for a constant output voltage at the 
second detector plotted against frequency IS 
shown in F>g 7 The bandwIdth of the 
mtermedlate-frequency ampllf le r IS 55 
megacycles at 6 decibels (db) down 

Antenna Tests 
The horxontal plane pattern of the 

antenna system measured 0 4” wide at the 
half-power pants pattern measurements 
are shown ,n Table IX 

The f,eld mtenslty of the minor lobes 
was too low to be detected in this manner 
A target may be seen on the PPI through an 
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Fig 7 Receiver Intermediate F r e q ue ncy 
BandwIdth 

angle of 0 77”. or 54 feet at a range of 
4,000 feet, If the radar return 1s not sufflclent 
to saturate the receiver When the return 1s 
great enough to produce receiver saturatmn. 
a target 1s vlslble through 0 9”. or 63 feet at 
the same range 

Measurements of the vertxal plane 
field pattern revealed a beam width of ap- 
proxxnately lo’, however. areas of low 
return were found to exist between angles of 
2”44’ and 3”Zl’ and between 4-31’ and 5-23’ 
below the horzontal 

Radar coverage of the axport at 
IndIanapolls was xnproved conslderably by 
movmg the antenna from the top of the trailer 
to a CPN-18 tower 30 feet high The extra 
height at this locatlon was required because 
the elevation at the center of the airport 1s 
eight feet higher than the site at which the 
radar unit was located Later tests with the 
trailer posItIoned near the center of the field 
demonstrated that some addItIona antenna 
height 1s necessary to provide complete 
radar coverage when the terram 1s uneven 
The relative amount of field pamted In with 
the two antenna heights 15 shown In Figs 8A 

TABLE IX 

HORIZONTAL FIELD PATTERN 
MEASUREMENTS ASDE ANTENNA 

(TWO-WAY) 

Angle From Relative Amplitude 
Center of Beam of Return on A-Scope 

(degrees) (decibels) 

0 00 0.0 

to 05 -1 9 

+o 10 -3.0 

to 15 -5 0 

to 20 -6.0 

+O 25 -7 9 

to 30 -10 4 

to 35 -13 9 

and BB Fxg 9 shows the general appearance 
of the equipment when the antenna IS mounted 
on the CPN-18 tower 

Incorporated In the antenna system are 
provIsIons for changmg the tilt + 2 0” from 
a horizontal posltlon At the maxrnum down- 
ward tilt an area wlthm a radius of 1,000 feet 
IS covered, while at the maxnnum upward 
tilt only obJects of considerable height, such 
as trees or bulldmgs, are vlslble Interme- 
dlate posItIons of antenna tilt ~111 permit 
coverage of most types of terram with an 
antenna elevation of 30 feet, If a direct lme 
of sight from the antenna to the target 
exists 

Radar coverage obtamed with the equp- 
ment at Wold-Chamberlam AIrport, Mm- 
neapolls, Minnesota. 1s shown m Fig 10 In 
this mstallatlon, the antenna was mounted on 
a tower near the center of the field 

Servosystem Tests 
Measurements obtamed from a photo- 

graph of the osc~llogram, Fig 1 lA, mdlcated 
that the maximum error voltage, developed 
under transient condltlons. was 61 0 volts 
root mean square (rms) With the antenna 
rotatmg and wxth conventmnal servoampllfxr 
gain adjustment procedures, maxxnum 
and mmlmum amplxtudes of error voltage 
were found to be 8 0 and 5 8 volts rms, 
respectively These potentials represent a 
maxxnum and a mmrnum lag m the system 
of 7'32' and 5”27’, or a fluctuatmn of 2’5l 



Fig EiA Radar Coverage of WeIrCook 
Axport, IndIanapolls, IndIana 
Antenna Mounted on Trailer (12- 
Inch Cathode-Ray Tube) 

Fig 1lB shows the osclllographx trace 
from which these values were determIned 

When a” oscilloscope was used as a 
gude I” adjustmg the servoamplIfIers. a 
maximum error voltage of 3 21 volts rnls 
(corresponding to a lag of 3’01’) and a n,lnl- 
mum voltage of 2 23 volts rms (representing 
a lag ai 2”Oh’) were noted The iluctuatlon 
was thus reduced to a value of O-55’ The 
osclllogram from wh,ch thesemeasurements 
were made 1s show” I” Fq 11C 

Although a reductla” I” maximum 
ser”osystem lag from 7’32’ to 3’01’ wa5 
accompanied by a reduction 1” fluctuation 
from 2”05’ to 0’55’, it was belxved that 
steps should be taken to minimize lag further 
It was determmed that no addItIona xn- 
provement could be realized I” the present 
equipment. sl”ce a further ~“crease I” ser>o- 
ampllfler gal” produced oscllratlo”, or 
huntmg A” osclllographx trace of error 
voltage dur,“g osclllatlo” 1s shown I” F’lg 
11D 

One modlixatxo” of the equpment to 
effect electrlcal dampmg consIsted of I”- 
sertmg a twin-tee network tuned to the fre- 
quency of the servosystem, 60 cycles per 

Fig 8B Radar Coverage of WelrCoak 
Alrport, Indlanapolls, IndIana 
Antenna Mounted on CPN- 18 Tower 
(12-Inch Cathode-Ray Tube) 

FIN 9 ASDE Antenna Mounted 0” Cp~-l8 
TOW=* 



FIN 10 Radar Coverage of Weld-Chamberlln Airport, Mmneapalls, Mmnesata Antenna 
Mounted on CPN-18 Tower Near Center of Field (12-Inch Cathode-Ray Tube) 

second, unto the grid c,rcult of the fmst 
ampllfler stage To compensate for the 
msertmn lass, a two-stage preampllfler 
was connected ahead of the exlstmg equp- 
ment The performance of the servosystem 
was somewhat improved I” this manner, but 
the Increased thyratro” flrlng rate caused 
excessive current to flow m the PPI 
deflectmn yoke drive motors 

When the antenna rotatmnal rate was 
Increased from 30 to 60 rpm, a considerable 

Increase m current ilow~ng I” the armatures 
of the deflectmnyoke drive motors was noted 
Under these condltlons the current I” the 
armatures was 14 amperes. a value I” 
excess of the ratings of the wmdmgs, and 
remedml actlon was mstltutpd A %armble 
resIstor of approxmxately 50 ohms at a 
ratmg of 50 watts and a 0- to 3-ampere 
meter were wired I” series with the 
armature With the equipment m operatm”, 
the reslstor was adjusted until minimum 



(A) Osc~llogram of Maxrnum Error Voltage (B) Osclllogramof Error Voltage With Con- 
ventlonalServoampllilerGalnAd,ustment 

(C) Osc~llogramof Error Voltage With 
OptlmumServoampl~flerCalnAd]ustment 

(D) Osc~llogram of Error Voltage When 
servosystem Is I” Osclllatlon 

Fzg 11 Osc~llograms of Servo Error Voltage 

current consistent with proper servosystem 
trackmg was reached A current of approxl- 
mately 0 5 ampere was found to be adequate 
for satxfactory operation At this level, the 
armatures of the deflectvxn yoke drive 
motors run well wlthln their ratmgs with no 
excessive heating 

Even after the several modlflcatlons 
had been completed, erratx servo iallow~ng 
(known as servo-bumping) was observed when 
sweep off-centermg was employed This 
phenomenon was traced to poor regulation 
of the off-centermg voltages 

Block Occupancy System Tests 
The block occupancy system 1s dlfil- 

cult to evaluate quantltatlvely WIthIn certain 
lrmts of lntenslty of the PPI and with care- 
ful adlustment of photocell ampllfler gain, 
the block system relays are actuated and 

lndlcator lights are turned on when a target 
appears immediately under a photocell 
However, adlustment of the system IS quite 
elaborate Smce the photocells view an area 
of l/4 by l/4 Inch, an expanded range scale 
must be used to provide an area of specular 
return (e g , runways) of suiflclent width so 
that the system IS not trIggered by grassy 
areas durmg the scan PPI mtenilty must 
be adjusted closely 50 that the block system 
1s lust ready to fire and ~111 do so when a 
target appears I” the area The photocells 
must be carefully posltloned and the gam of 
the photocell ampllfxrs must be adjusted 
meticulously so that the same mtenslty of 
target lllumlnatmn ~111 trigger each photo- 
cell successively Malfunctmnmg occurred 
when the lntenslty of the target on the PPI 
was reduced or when servo-jumpmg Intro- 
duced unwanted targets Into the area covered 
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Fig 12 Block Occupancy Hood I” Posltmn 
on Indxator Cabmet 

by the photocells Sustamed operatmn of 
the present system required excessive 
mamtenance 

Since failure of components or loss of 
power gives the same mdlcatmn as an un- 
occupied block, the system does not provide 
fall-safe operatmn A mew of the block 
occupancy hood I” posltmn on an mdlcatar 
cabinet 1s shown I” Fig 12, and a close-up 
view of the hood assembly IS displayed I” 
Fig 13 

Precipitatmn Tests 
Photographs of the PPI taken during 

varmus mtensltles of ramfall are reproduced 
““retouched m Figs 14 to 16 lncluslve Be- 
glnnmg with Fig 14, when the preclpltatlon 
was C 08 mch per hour and classlfxed by the 
U S Weather Bureau as light ramfall. little 
effect on radar operatmn could be detected 
The Lockheed Constellation (mdlcated by the 
arrow I” the photograph) can be see” plamly 
although vlslblllty was less than one mile 
With moderate raInfall (0 25 Inch per hour) 
ran clutter IS apparent I” the mxnedmte 
vlclnlty of the radar umt, as shown I” Fig 
15 Vlslblllty had decreased to little m”re 
than one-half mile. but the Douglas DC-3 can 
be see” quite clearly Fig 16 shows pre- 
clpltatm” that had mcreased to 0 4 Inch per 
hour. which 15 classlfled as heavy ramfall 
The Douglas DC-3. holdmg the same posl- 
tmn as m Fig 15, 1s barely dlscermble 
Vlslblllty was less than one-half m11e at that 
tnne 

Fig 13 Block Occupancy Hood Assembly 

Fog was encountered several tunes 
durmg the tests but the radar performance 
was not affected 

Snowfall does not apprecmbly affect 
the operatmn of the equipment from the 
desxed target viewpomt Fig 17 1s a” un- 
retouched repraductlo” of a PPI photograph 
taken durmg moderate snowfall when YISI- 
blllty was approxmxately one-half mile A 
Boeing 247-D alrplane 15 shown on the near 
runway Snowfall was very heavy when the 
photograph dlsplayed as Fig 18 was take”, 
and vlslblllty was under one-quarter of a 
mile The target on the runway m the upper 
right portm” of the picture 1s a panel truck 

bnow covering the ground presents a” 
operatmnal problem If It has not been re- 
moved from the runways, specular return 15 
give” by the entlre field, the”, only bulldIngs, 
trees, fences, and sxr~lar targets can be 
seen on the radar screen If the snow has 
been scraped and pIled along the runways, 
but not to heights sufflclent to screen 
targets, operations can be conducted with 
normal preclslon A combination of these 
two condltlons 15 shown I” Fig 19 Runways 
090 and 36 had not been cleared, while part 
ai the snow had bee” moved from Runways 
13 and 22 

During the tests at M~nneapolls. It was 
noted that the returns from wet and dry snow 
were different Whenever a wet snow was 
falling the picture deteriorated from the 
ground return wewpmnt, although alrcraft 
and truck targets continued to give good re- 
turns It was also noted that the snowbanks 



Legend 
Light Ramiall 0 08 Inch Per Hour With Heavy Fog 
Vlslblllty Under One Mile 
A Lockheed Constellation Is Shown by the Arrow 

Fig 14 PPI Photograph Radar Area Tests (12-Inch Cathode-Ray Tube) 

contammg crumbly mow and in the shade 
produced more return than the wet, packed 
snow located m the sun This. perhaps, can 
be explamed from the target size and type- 
of-return vlewpomt However. no study was 
conducted on these observatmns 

Radar Area Tests 
The relative sizes of the varmus ve- 

hlcles, as seen an the radar, are shown in 
Table X The mregularlty of sweep focus 
precludes the p o s s 1 b 111 t y of quantitative 
measurements of area at the varmus ranges 
and permits only a comparison of the re- 
latlve szes of targets at the same distance 
Fig 20 shows the several targets as they 
appeared on the PPI in a forward mew at a 
range of 1,000 feet 



Legend 
Moderate Ramfall 0 25 Inch Per Hour 
Vlslblllty Little More Than One-Half Mile 
A Douglas DC-3 Is Shown by the Arrow 

Fig 15 PPI Photograph Radar Area Tests (12-Inch Cathode-Ray Tube) 

CONCLUSIONS are Improved and the transmitted power out- 
put 1s mcreased The optimum frequency, 

It IS concluded that the equipment pro- pulse width. receiver bandwidth, and antenna 
vldes a satisfactory means for locatmg air- rotational speed were not completely deter- 
craft and other vehxles on an aIrport under mmed because the necessary flexlblllty was 
weather condltlons encountered during the not provided in this model It appears that 
tests, provided the rellablllty and stabllltv addItIona performance may be gamed m 
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Legend 
Heavy Ramfall 0 4 Inch Per Hour 
Vmb&ty Less Than One-Half Mole 
A Douglas DC-3 Is Shown by the Arrow 

Fig 16 PPI Photograph Radar Area Tests (12-Inch Cathode-Ray Tube) 

ad,ustmg some of these equpment charac- can be drawn 
ter~st,cs, however, this would require a new 
development model with the necessary I Antenna design 
flexlblllty The des,onbeamwldth of the antenna 

In regard to some of the equipment field ;attern IF, ti;e horizontal plane of 0 4’ 
characterlstlcs. the followng conclusions between half-power pomts was attamed 



Legend 
Moderate Snowfall 
V,sxblllty One-Half Mile 
A Boemg 247-D Is Shown by Arrow 

Fig 17 PPI Photograph Radar Area Tests (12-Inch Cathode-Ray Tube) 

b Areas of low radar return Indicate area under surveillance 
that a cosecant-squared dlstr,butmn of d An increase in antenna rotatmnal 
energy I,, the vertical plane pattern of the speed from 30 to 60 rpm did not result III 
antenna ui1s not obtamed determratmn of radar presentatmn S1”C.e It 

c An increase in the height of the was possible to operate the antenna system 
antenna results I” a considerable improve- at only two rotatlanal rates, suffx1ent flexI- 
ment ,n the unlform$r of coverage of the bll,ty was not provided to ascertain the 
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T4BLI!, x 

RADAR RETURNS FROM SPECIFIC TARGETS 

Type of VehxlP Attltudee of Vehicle 

Dw~glas C -54 Forward (F) 
Rear (R) 

Broadside (B) 

Douglas DC -3 F 
R 
B 

500 1000 2500 4000 
feet fept feet feet 

470 2,‘: 352 405 
658 236 622 
554 692 410 642 

283 371 332 299 
394 437 358 382 
295 392 303 351 

Beechcraft C -45 F 
R 
B 

251 227 159 ___ 
246 225 196 107 
241 209 188 107 

Cessna 140 F 178 238 176 211 
R 197 217 164 220 
B 167 I!35 188 198 

PIper Clipper F 171 169 149 169 
R 165 167 144 128 
B 163 155 141 142 

Jeep Fire Truck F 87 144 104 --- 
R 79 176 125 114 
B 90 152 103 142 

*Attitude of vehicle with respect to radar unit 

rn~nnx~urn speed necessary for traffx control 
purposes However. the highest speed avail- 
able was preferred by traffic controllers 
because of the more frequent posltmn 
mfarmatlon prawded 

2 With the present antenna design, an 
increase in transmitter power 1s requred K, 
order to obtam more detailed presentatmn of 
areas beyond a range of 3.000 feet 

3 Display 
a A cathode-ray tube employmg a 

metalzzed backmg on the fluorescentmaterml 
ga>e Improved results u Ith regard to 
brightness and persxtence 

b Defrutmn was xnpamed by ~na- 
blllty to obtam uniform focus over the entlre 
face of the PPI tube 

c Nonllnearlty of sweep clrcults 
resulted I” dIstortIon of the presentatmn 

d The orlgmal serlosy5tem did not 
pernut ~atlsfactoryoperatlon of the mdlcator 
at antenna rotatIona speeds of 60 rpm 

4 The block occupancy system knots pre- 
sent form r,ro\ldes a remote lndlcatlon of 

Relative Area of Target\ 
in Arbitrary Un,ts at Several Distances 

targets wlthm dlrcrete area5 on the PPI dls- 
Play The system 15 not fall-safe. ad,ust- 
ment 1.~ dlffxult, and an mordmate amount of 
equipment would be requxed to cover large 
areas Because of the lack of itiffx,ent 
stablllty of the preient display, a complete 
evaluation of the black occupancy systemwas 
not possible Durmg these tests, there was 
conslderable doubt on the part of the ob- 
servers and operatmg personnel concernmg 
the necessity for a display system of this 
type 

5 Snow, iog, and light-to-moderate rain- 
fall do not <ermusly lmpalr the performance 
of the equpment Extremely hea>y ramfall 
tends to obscure targets on the mdxator, 
but thls effect can be mmunmed to some ex- 
tent, depending upon the iklll and erper~ence 
of the operator 

t The resolutmn appears to be satIs- 
factory for all present expected operatmg 
condltmns HoMseIer, with regard to the 
separatmn of oblects I” close relatmnshlp, 
such as alrcraft parked on ramps and located 



Legend 
Heavy Snowfall 
Vlstblllty Less Than One-Quarter Mile 
Panel Truck Is Shoun by Arrow 

F1g 18 PPI Photograoh Radar Area Tests (12-Inch Cathode-Ray Tube) 

near bulldIngs. the equipment lacks the 
requred resolutmn characterlstlrs 

RECOMMENDATIONS 

7 The relmblllty of the present model Should the conitructmn of a second 
requires conslderable Improvement before model of the ASDE. be contemplated, It 1s 
contmuous operatmn con be recommended recommended that the followmg features be 



Legend 
Three-Inch Snow on Ground 
Runways 22 and 13 Partmlly Cleared 

Fig 19 PPI Photograph Radar Area Tests (12-Inch Cathode-Ray Tube) 

Included in order that a more ewhaustlve 
testing program may be conducted 

1 Antenna 
a An easily varied rotatmnal rate 
b Tilt adJustable from the operating 

posltlon 
c Pressurmed wavegulde to elmnnate 

condensatmn and lc~ng 

d An nnproved design to obtam more 
uniform coverage 

e An lnvestlgatmn of circular polarl- 
zatmn with a ~1e.s to mmmuzmg the 
effects of heavy ramfall 

2 Transmitter 
a AddItIonal power to unprove coverage 
b Automatic frequency control 

---- 



Jeep Fire Truck Cessna 140 PIper Clipper 

Beechcraft C-45 Douglas DC-3 Douglas C -54 

Fig 20 PPI Photographs Radar Area Tests (Approximately Actual Size) 

c A more flexible method of varymg b A cathode-ray tube with metalzed 
pulse width backmg on the fluorescent coatmg to 

d Test pomt metermg provide a brighter display 

3 Receiver 5 Power Supplies 
a A method of changmg IntermedIate a Improved regulatmn 

frequency bandwldth to accommodate 
varu,us pulse widths 6 Test Equpment 

a A more reliable s p e c t r urn analyzer 
4 Indxators b Power measurmg equpment 

a A cathode-ray tube with a flat face and c Improved photographlc e q u 1 pm e n t 
a m~n~m~rn diameter of 16 mches 



Date 

5-25-51 

h-I-51 

h-4-51 

h-15-51 

8-7-51 

8-8-51 

8-10-51 

e-23-51 

9-5-51 

9-12-51 

Runmng s ymptoms 
Time 

(hours) 

7 

19 

34 

52 

87 

87 

90 

90 

92 

95 

No “ldeo On PPI 
No 1 
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APPENDIX I 

MAINTENANCE LOG 

Cause 

No sweep on 
PPI Na 2 

sweep on 
PPI Na 2 falled 

Dvorecord camera 
did not advance 
fllrn after 
eXpOS”*e 

On PPINo I 
the sweep did 
not follaw 
antenna rotatmn 

Fuse blown on 
servoampllfler 
for PPI No 1. 
no sweep rot&Jn 
(contlnuatlon of 
dlffxulty prevl- 
ously noted) 

High voltage for 
transrmtter could 
nat be brought up 
to proper level 

Fuse blown on 
servoampl1f1er 
for PPI No 2. 
no sweep rotatmn 

Fuse blown on 
servoampllfler 
for PPI No 2, 
no sweep rotatmn 

Video sqnal and 
receiver tunmg 
mdlcatlon Inter- 
mlttent 

Failure of 6Y6 in video 
power supply burned out 
two hOO-ohm. 5-watt plate 
current llmltlng resistors 
(~-1607, ~-1608) 

Fault in plug (P-1902) 
connecting trqger 
generator to synchronizer 

Failure of 6~C7 (V-1907) 
In sweep clrcult 

Nanregulated sweep off- 
centermg voltage used to 
operate camera dropped to 
a potent1a1 of 19 5 volts 
which IS 1nsufflcler.t to 
actuate the solenoid 

Failure of servoampllfler 
due to open pr,mary in 
thyratron grid trans- 
farmer (T-2504) 

Shorted armature vnndq 
on deflectlo,, yake drlre 
motor 

Breakdown of Mlcarta ter- 
mmal board on high voltage 
power supply chassis 

khorted armature wmdmg 
on deflectlan yoke drlxe 
motor 

Shorted armature wndmg 
on deflectlon yoke drlre 
motor 

Failure of + 300 volts 
from receiver power supply 
because of poor connectIon 
11, plug (P-702) 

Remedlal Action 

Replaced tube 
resistors 

Plug repaued 

Tube replaced 

A 24-volt “Nobatron” 
power supply with 
good regulatnn in- 
stalled to operate 
the camera 

Transformer replaced, 
but servosystem 
rema,ned InoperatIve 

Armature rewound 

Replacement terminal 
board constructed of 
Lucite 

Armature rewound 

Armature rewound and 
attempt made to cnol 
motors with forced air 

Plug repaued 



Date Running 
Tl”l‘? 

(hours) 

9-18-51 98 

9-24-51 

10-l-51 

10-2-51 

10-3-51 

10-4-51 

10-4-51 

10-B-51 

10-25-51 

11-5-51 
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MAINTENANCE LOG (contmued) 

symptoms 

100 

100 

101 

105 

110 

110 

120 

130 

140 

Receiver mixer 
crystal current 
varied with 
antenna rotatmn 

No rf return, Failure of -l,OOO-volt dc Transformer (T-705) 
receiver crystal “keep-alIve” voltage to and selenmm rectlfxr 
current zero “tra”sm,t-received” (TR) (CR-701) replaced 

Spectrum analyzer 
moperat~ve 

Western Electrx 169618 
klystron local oscillator 
faled 

Unable to secure re- 
placement tube whxh 
would oscillate at the 
proper frequency 

No target return 

M~sfmng of 
modulator as lndr 
cated by visual in- 
spectmn of pulsing 
thyratro” 

No sweep on 
PPI No 2 

No vldea on 
PPI No 1 

Fuse blow” on 
servoampllfler for 
PPI No 2, no 
sweep rotatmn 

Intensity control Leads to 4,700-ohm resIstor 
on PPI No 1 (R-623) I” cathode circuit 
lntermlttent of cathode-ray tube broke” 

Cause Remedml Actm” 

Faulty connectmn between 
waveguIde and base of 
rotatmg jomt after 
plaang antenna on 
CPN-18 tower 

Condensatm” of moxture 
m waveguIde 

Trigger generator Inter- 
mlttent at higher pulse 
repetltm” rates 

Two 68,000-ohm cathode 
resistors (R-1910, R-1911), 
or 12AU7 (V-1903) I” the 
synchromzer chassis 
burned out 

Two 600-ohm, 5-watt plate 
current lmntmg resistors 
(R-1607, R-1608) burned 
out 

Burned out armature 
wmdmg on deflectm” yoke 
dr,ve motor 

a-ampere fuse Cannon plug (JlOOl) on 
~l;~~;)c~“;;~l”:;lt paver cable shorted 

blow” 

A sectm” of flexible 
wavegulde Inserted at 
this pomt stabllmed 
crystal current 

Sectmn cleared and all 
waveguldejomts treated 
w,th maxture-proaflng 
compound 

lZAT7(V-3) I” trqger 
generator replaced 

Resistors replaced 

600-ohm resistors of 
lo-watts rating used 
I” replacement 

Armature rewound and 
a 50-ohm, 50-watt 
resistor added I” 
series to reduce arma- 
ture current 

Leads to resIstor 
replaced 

Replacement plug 
could not be located 
so cable was wired 
direct 



Date 

11-15-51 

12-6-51 

12-G-51 

12-17-51 

Runnmg 
Time 

(hours) 

148 

164 

169 

180 

24 

MAINTENANCE LOG (contmued) 

symptoms 

R-ampere fuse 
(F-901) I” trans- 
mltter control ““It 
blown 

Intzrmlttent 
spokmg observed 
on PPI dsplays 

No video or re- 
celver tuning 
Indxatmn. 

No targets vlslble 
on either PPI 

Cause 

Arcmg (arc-over) in 
wvlrlng of low voltage 
power supply, 1nsula- 
tmn x-,adequate 

Arc-over at high voltage 
slldmg contacts I” 
transmitter chassis 

Plug on riterconnectmg 
cable at receiver power 
supply faulty 

Moisture accumulated 
behlnd antenna horn cover 

Remedml Actmn 

The low voltage power 
supply rewired 

Hqh voltage contacts 
cleaned and adJusted 

Plug repaxed 

Horn cleaned and 
cover replaced 


