
ADVANCE COPY 

TECHNICAL DEVELOPMJiNT REPORT NO. 61 

FLIGHT TESTS OF 
SPERRY MICRO?lAVE INSTRUMENT LANDING SYSTEM 

RY 
Francis J. Gross 

Radio Developmnt Division 

Technical Development Service 

March 1947 

CIVIL AERUNAUTICS ADKNISTRATION 
TECHNICALDEVFLOPUENT SERVICE 

INDIANAPOLIS, INDIANA 



Page 

SUU~Y.......................... 1 
INTRowcTmN. . . . . . . . . . . . . . . . . . . . . . . . 1 
CGNCLUSIQHS . . . . . , . . . . . . . . . . . . . . . ..,. 6 

1. 
2. 

3. 
4. 

5. 

6. 

7. 

a. 

B. 

10. 

11. 
l2. 

2 
15: 
16. 

Clearance Recordings mth Sperry Localieer in Lxation A . 7 
Localizer Approach Rscordmgs with Sperry Localizer m 

LocationA . . . . . . . . . . . . . . . . . . . . . . .-8 
Course Strmghtnoss of Sperry Localizer xn Location A . . 9 
Course Straightness of 109.9 Megacycles CAA Locslizer at 

Indianapolis..................~.. .I.0 
Location Sketch of Sperry Microwave Instrument Lending 
Systm for Flight Tests at IndiampoUs . . . . . . . . . U 

D&alla of Location B of Sperry Localieer Trailer for 
"Reflectlon'l Tests . . . . . , . . . . . . . . . . . . . 12 

Locslieer Clearsme Recordmgs with Sperry Localiaer m 
Ination B. Eruildmgs subtend the angle Y degrees to 
33degreea........ . . . . . . . . . . . . . ..lS 

LocaUser Clearance Recordmgs with Sperry Imalizer in 
Location D showing Effect of 411 x 4" Nocden Post Six 
FeetHigh..................,, , . ..l4 

bcalieer Clearance Recordmgs with Sperry Locallzer In 
LocationD . . . . . . . . . . . . . . . . . . . . . ..~ 

Logo;:; ipproach Recordings mth Sperxy Localizer in 
. Note Post Locations 

Course Straightness of Sperry Local~z~r'~ ;oLkk'D: 
Localmer Recodings tith Sperry Localizer in bcation E 
Radiating Through Trees. Trees Subtend the Angle Be- 
tween plus 11 de rees and mums 39 degrees. . . . . . . . 18 

Recordings of Cl if e Path In&cator Durmg Level Passe6 . . 19 
Recor&ngs of Glide Path Indicator on Manual Approach. . . 
Straightness of Sperry GUde Path . . . . , . . . . . . . 3 
Glide Path Indicator Current Versus Vertxal le Read- 

ing of Thed0U.t.e with Aircraft at loo0 3 feet A ovs 
Groud on Localizer Course . . . . , . . . . . . . . . . 22 



FLIGHT TESTS a 
SPERRY l.IICR~VE INSTRA4ENT IANDING SISTEAf 

SUMMARY 

These flight tests were conducted at the Indianapolis Airport 
between November I.946 and January’1947 and rem primarily concerned with 
the indications of the cross-pointer meter as a function of the relative 
position of the aircraft and the transrmtting antenna of either glide 
path or locslizer. All teats were on relatively flat terrain. The 
localiaer radiation is a beamed pattern wxth signal available only in a 
region of 67 degrees either side of the course up to 8 vertical angle of 
4.5 degrees. Outside of this reaon, the signal is erratic or zero, and 
henca there is no back course. The localizer was located In several 
places where reflections affech 110 megacycle localizers; but no reflec- 
tion effects were found. However, because of the concentration of energy 
in the beam, an inconspicuous 4 c x 4” wooden post caused abnormally 1m 
clearances when within 100 feet of the antenna. The glide pth suffers 
from a serious grow-d reflection effect that would seriously impair its 
use for glide path angles between 2 and 2.5 degrees. This might be 
cured by the redesign of the antenna. The equipent is ~11 designed 
and reliable. 

INTRGDUCTION . 

The Sperry Microwave Instrument Isndrng System used in these flight 
testa consists essentially of a localizer transnutter, a glide path trans- 
mitter, and an airborne receiver. The receiver includes a cross-pointer 
similar to the conventional type except that it has %ignsl off* Micators 
of the neon type. The two transmitters are identical except for their 
antenna systems and frequency. Each is housed in a trailer which containa 
a portable power unit driven by a gasohne engine. In each transmitter all 
of the zucrowave energy radiated comes from one final power amplifier kly- 
stron stage, and this energy is equally divided between two nave guide 
sptems which contain mechanical modulators of 900 and 600 cycles respec- 
tively. In the localizer transmitter the principle antenna Is a parabolcdd 
of revolution excited by the two wave guides and the beams are such that 
when the aircraft is %n course’ equal amounts of 9GO- and 600-cycle modu- 
lated energy are fed to the receiverp but when the aircraft is off to the 
right side of the course, then the 900-c;dcle modulation will predormnatej 
but, when it is off to the left of the course, the M)O-cyole modulation 
will predominate. The locslizer frequency is appr0titel.y 2640 megacycles. 
Tne glide path antenna is a prabolic cylinder so fed by the two wave guides 
that equal amounts of the 9GO- and 6CO-cycle modulated signals are fed to 
the receiver when the aircraft IS on ths glide path, but 9OG-cycle module- 
tion predominates above the glide path and W-cycle modulation predomln- 
ates below the glide path. Ths glide path frequency is appro&uately 2617 
megacyclea. 

The flight tests mere conducted at the Indianapolis airport bet*een 
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Movember 1946 and January 1947. ~srmentdl S'ratlon airplane NC-182, 
a X-3 type, equipped mth a Sperry A-l.2 autopilot and an autcmatic 
approach couplmg unit was used. The purpose of these tests aas to 
detemme the following: 

(A) 

(B) 

(Cl 

CD) 

(El 

(F) 

(G) 

(HI 

The mximum reliable vertical and horizontal coverage of the 
localizer and the nature of the cross-pointer indlcatlocs as 
these lmits are exceeded. 

Course width of the locallzer course in the region of cross 
over at varfous altitudes. 

The vertical coverage of the glide path an the region of the 
locallzer cmrse. 

Course width of the &de pth course m the re@on of n crosa 
over* within a lirmted range of azmuth angles. 

That the locallzer equlsigml plane 1s vertacal and that the 
glide path equlsigmal plane 19 perpendxular to a vertical plane 
through the centerlme of the runway. 

That the equls~gnal course as a straaght lme contmumg down 
to the point of touchdown of the aircraft. 

Crverall operatlon durmg normal approach. 

Effect of adJacent reflectlw surfaces such as bualdmgs, hangars, 
telephone ties, etc. 

In the course of the tests, it was discovered that a 41* x 4e wooden 
post interfered noticeably with the beam pattern aral part of the limited 
tme allotted to the tests was given over to mvestfgating the extent of the 
interference. 

The locations occupied by the localizer durmg these flight tests are 
indicated by letters A through E on the map in Fx. 5. There was only om 
location F for the glide path equipment. 

The locallzer tr~ler contained a theodollte for detemdnmg azmuth 
angles up to I300 mils (73.1 degrees) either side of course as well as 
vertxal angles. The glide path trailer contamed a theodollte, used 
prmclpally for detemmihg vertical angles. 

or. 9. A. Van mbren, a Sperry representative, was present during 
rmst of the flaght tests. 

1 The theodollte azmuth and elemtlon circles were &vlded up mto 
mls instead of the usual dcgrecs. A ml is a unit of angular lneasure some- 
tames used by faeld artillery. Thele are 64CO rills in a circle and therefore 
6400 mls equal 360 degrees or one ml1 equals .05625 degree. 
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Results of Flight Teats E Localizer 1" Location A. Location A, 
aharm in Fig. 5, is an ldxlcration for a localleer and la on the eanm 
runway aa the commuaioned 109.9 megacycle CAA locallzer. The2 clearance 
recordings at three altitudes are reproduced in Fig. 1. The azimuth 
x-&cations are those of a marker pen operated by a flight engirreer uho 
was in direct voice communication mth a theodollte oberver at the 
localleer who issued instructions. Three facts are evident from these 
recordings 8 

Flrat, the nmrimum reliable horizontal coverage is approldmately 65 
degrees right and left of course. 

Second, the low clearances at 2000 feet above the ground indicate 
that the ma&num reliable vertical coverage is reachedeta vertical angle 
of 4.6 degrees. Lcw clearancea and falae coursea were also fowd at 2500 
and 3000 feet, although the records are not shown here. At the extreme 
edges of the localizer beams, the lccalizer needle haa 8n erratic behavior, 

1 and for angles much greater than these the needle 1s centered ard the maignal 
offr Indicators are ex+,mguished lndxatug negligible microwave signal Is 
being received. 

Third, the course sharpness averages 3.7 degrees for theee curvee 
together with Flge. 7, 6, and 9. A course sharpness of 3.7 degrees nnanz 
that as the cross-pointer needle moves from fill scale fly right to full 
scale flyleftnhenthealrplane is crosslngthe course the theodolite 
reading changes by 3.7 degrees. 

The recorchngs r&cduced in Fig. 2 show the defleat;rona of the loca- 
llzer needle during two normal approaches and the level pass at 1000 feet. 
From a number of these records, the theodolite readuga were noted each 
time the localizer needle was centered and were then plotted against dis- 
tame in Fig. 3. Although the course bends shown here are slight, they were 
immediately notxed by the pilots. If the deviation off course had been 
plotted agalnat vertxal angle instead of distance, it would be obviw 
that they are due to a sllght bow in the equiaignal surface, and that the 
bends are 6 shaped because the axcraft passes through the SW vertical 
angle thrice on a normal approach. 

The manufacturer indicates that these slight bends are due to hasty 
repairs made to collision daauge of the antenna reflector just, before this 
equipment was used in the PICA0 dwonstrations of October 1946 at Lndianapolis. 

fig. 4 is a similar curve made on the commlsaioned 109.9 megacycle 
l.ocnUzer for ccm~riscm. 

Results of Flight Test8 With Localizer & Location & Snce thb -- 
prinal~b.ge of beaming the rmcrowave energy is the minimizing of 
&IS&~, Loca~ia~ B was selected as tim worst reflecting conditlm 
likely to be encountered at an airport such as Indianapolls. Details of 
this location are sham in Fig. 6. 

Before making fli ht tests the aircraft was talked to a number of 
positions along theta xf strip &ere the locahzer needle showed on course. 
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ri study of theodolite reacungs for these positions shmcd no noticeable 
bends. This was born out by approach recording, q which were smular to 
those for position A. A cross course recordmg at 10 miles showed no 
scallopmg which is further evidence of the absence of reflection ef- 
fects on course. 

Fig. 7 is a reproduction of Clearance reCordbe for Location B. 
They are smilar to those for Location A,‘except for the 'V&ado@ effect 
of the buildings at the lower altitude. Rowever, the clearance is still 
adequate m the shadm of the buildings at a five-rmle radius. 

Results of Flight Tests With Localizer & Location C. Location C -- 
was selected because of its prommity to the telephone mres which cause 
reflections with IlO-izegacycie local&x. As was expected, no effects 
of'reflection appeared in the flight tests for this location. The absence 
of reflections is undoubtedly due to the absence of back course radiation 
fran the microwave localizer. 

Results of Flight Tests 'iiith Imalizer 1" Location Q. Location D -- 
was origmally selected because reflections from haugars and buildings had 
been noticed on a IlO-megacycle localizer in prsvlous tests. ho interference 
was noted fran these sourcea but an inconspicuous 4" x 4Y nooden post 6 feet 
high and 76 feet from the antenna was found to be the cause of the variations 
and low clearance shown on thb top recording of Fig. E. At the tome of this 
recording, the post supported 6 feet of 1-l/4-inch lead cable, but rmovsl 
of the cable had no effect on the clearance pattern. Flight recordings were 
made with the post at 100, 125, and 150 feet from the antenna. The effects 
diminished mth distance. Reproduced m Fig. 0 are recordings taken with 
the post at distances of 75 feet and 150 feet and with the post removed. 
Wth this particular height of post, the clearances at low altitudes were 
the more senously affected as shown by the recordmgs of Figs. 9 ard 9. 

The recordings for a normal approach are shown in Fig. 10, and the 
course straightness is shown in kig. 11. Course shift caused by the post 
was less than one-quarter degree. 

Results of Flight Tests in Location g. Location E was selected to -- 
obtain fundamental data on the radiation of microwave energy through tieea. 
The data obtained in this location is expected to have no bearing on locali- 
zer problems, but my prove useful m considering siting problems of other 
types of microwave facilities. The clearance recordings and recomling of 
a level pass are shown in Fig. 12. The grove of trees was approximately 500 
feet from the anterum and subtended an angle of plus 11 degrees to rums 39 
degrees. The highest trees were estimated to be over 40 feet high. 

Results of Flight Tests on Sperry Glide Path Transmitter 1" Location r. -- -- 
Location b was the only Sperry glide path location used in these teats. It 
IS an ideal location and,-as shown ir~Fi.g. 5, it is adjacent to the standard 
CM 333.9 megacycle glide path. The Sperry glide path was designed for a 
2.5-degree glide path sngle. Kith the antenna mclmometer set at this angle, 
three level passes were nade at 1000 feet above the ground. One of these 
passes was on the localizer course and the other two were on radial courses 
15 degrees right and I.5 degrees left of this course. Analysis of the three 
glide path indicator records showed that the equisignal surface was perpen&- 
culnr within plus or aunus one lul (0.056) degrees) to a vertical plane 
through the centerline oi the runway. 
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It 1s customary to detenune the anmlar mdth of the g11d.e path 
III the follomng nanner. The alrcraft flies at a constant altitude of 
1000 feet above the grourul and alon? the locallzer course. The change 
in the vertxal angle of the aucraftls posltlon, as the glade path 
lndlcatar moves from full scale fly-up to full scale fly-down, 1s deter- 
rimed . Thx change in vertical angle 1s defined as the mdth of-the 
i;llde path. In the tests conducted mth the Sperry equipment, a thewlo- 
1lt.e located 111 the glide pth tnller was used to measure the change in 
vertlwl angle. Recordings are reproduced In Fig. 13. The curve marked 
G.P. 2.5 de&rees in Fit'. 16 1s the graph of one such flight. To determine 
the vertlcZt coverage of the ,$lde pth, similar passes were made at alti- 
tudes of 500, 15CU, and 2000 leet above the ground, with the glide path * 
an@ at 2.5 degrees. Data for all four altitudes were found to be identl- 
cal when lndlcator current was plotted qaulst vcrtxal angle. Ttise 
measurements lndxated a gLdc path vvldth of 1.5 degrees at these altitudes. 
however, It was noted that all of these curvea had a chp begxuu~-~g at a 
vertical angle of approxbuately 2.25 degrees so that the sensitlvlty of the 
Glide path needle, when the au-craft 13 on the glide path, was greater than 
a course tidth of 1.5 degrees would uulicato. 

Thx dip m the curve was further lnvestkated by setting the 
antenna to different glide pth anklt =s lvlth the aid of the lncllnometer 
attached to the antenna, and KLymg a 10CtLfoot level pass for each antenna 
settle. This data 1s plotted m 21~. 16. The dip 1s seen to exist y1 all 
curves and begins at the same wrtlcal angle of 2.25 degrees for all glide 
path ankles. It 1s a most sel~ous defect for glide path angles between 
2.0 degrees and 2.25 degrees because It makes the sonsltlvlty of the glide 
path needle verj- low when the axcraft is on the glide path. Tha condo- 
tlon IS thought to be the result of ground reflection of 600-cycle modulated 
ener,q Into the reL-lon above the glide path, whxh results 111 a decrease 
of the audio ratlo of 900-cycle voltage to 600-cycle voltage In the receiver. 
A redeslfl of the Cllde path antenna 1s necessary to correct this defect. 

In the recortllng at the top of Fl&. 13, the first course reversal 
occurs near tne left-had ed&c at a vertical angle of approximately 6.7 
degrees. In the CAJ? Glide path the first course reversal occurs at a verti- 
cal angle of approxlrrutely X.5 degrees. 

Hecordxws for normal approaches on the Sperry kllde path set at 
1.03 degrees and 2.5 degrees are reproduced in Fig. 14. An approach re- 
cordul& for the CJ$A $lde path set at 2.0 degrees 1s also shown in fig. 14 
for comparison. 

Course softenmng 1s not used In the Sperry glide path system, but a 
total of approxxxately 12 db of softenmng 13 mcorpox%tod m the CAA glide 
path system. It 1s apparent from the approach recodings of F1g. 14 that 
softening improves the flyablllty. Near the outer rrarker, the cross- 
pointer sensltlvlty of the two systems is nearly the same, 1.e. about 
3035 rmcroampcres per rml, correspond-Lng to a course mdth of approxi- 
mately 0.5 to 0.6 decrees as measured from Fl&. 16, and m $1~. 14 the 
exccurslons of the pouter are vvlthln plus or mu-us one dot in the vlcln1t.y 
of the cuter marker for both systems. For the approach on the CM glide 
path the excursions of the pcunter remain wxthln plus or mucus one dot 
to the cad of the runway. On the Sperry glide path, however, the 
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exc~.rs~o~ of the ner.Ule lrcreased to nearly two dots at the rmddle marker 

and at one-iifth mle from the end of the runway (three-fifths nile from 
touchdown) the excursions of the needle become excessive. The alfltude 
of the plane one-fifth mile from the runway 13 110 feet for a 2.5 do- 
eree Glide path and 80 feet for a 1.83 degree glide path. 

Course straightness curves for the Sperry glide path are reproduced 
In Fig. 15. The Elide path is straight and continues to the point of 
touchdown with th1.s aircraft u&allatlon m which the antenna 1s mounted 
on tarp of the au-plane. 

CONLLUSIOE, 

A. The localuer beam reliably covers approximately 65 degrees of 
aumuth either side of course, up to a vertical angle of 4.5 degrees. 
At these lmts, the locallzer needle becomes erratic and neon slmal 
mdlcators lllcker on and off. Outside of the lmlts the locallzer 
needle is m the zero or on-course posltlon and the neon mdxators are 
out. 

B. The average course sharpnes:. 1s 3.7 degrees. 

C. The locallzer equmlgnal plane IS vertical within one-fifth degree 
of azmuth. 

D. Beanmg the localmer radlatlon as is done In thm equpment, 
reduces reflectam effects from buulldmgs, etc. However, relatively small 
obJects such as a 4m x 4" post In the concentrated beam, vmthm 100 feet 
of the antenna, have a pronounced effect on the localmer needle deflec- 
t1ons. 

E. 'Ihe curves of glide path needle deflection veraus vertical angle 
show that the &de path needle 1s msensltlve near the &de path for 
klide path angles near 2.15 degrees. 

F. There 15 a course reversal of the &de path at a vertical angle 
of about 6.7 degrees. If thu reversal could be elrtended up 15 to 20 de- 
grees, there would be less opportunity for confusion. 

G. The glide path 13 straight and the equislgnal surface 1s per- 
pend~c~lar to a vertical plane through the centerlme of the runway. 

I!. Although reliablllty experments were not part of these tests, 
It 1s worthy of note that m 30 hours of flylw and a~proxxmtely 100 
hours of ,-rourrl equipment operdtlon, only one fallure occurred. This 

fallure Involved a power transformer m the glide path tranmltter rrlllch 
was replaced m a few bows. 
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FIQURE 5 LOCATION SKETCH OF SPERRY MICROWAVE INSTRUMENT 

LANDING SYSTEM FOR FLIGHT TESTS AT INDIANAPOLIS 
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