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C!~4RACTEEIST?CS OF TZ ~ICnA’Ii: BIRDTiES T JOR 
ITHACA., ME J YORK 

In deptcmbcr 199, the Teclm~cal Development and 1valuatlon 
Center installed the first Termlnai. VIP? O,,mwan:,e (TVOR) at the TIea Cook 
~lunlc~pal RJ.rport, Indxnapolls, Indxana. The wcpress purpose of ths 
proJect rras to develop a low-cost, lm-power VU: rrl~ch could be located 
rj1ths.n the boundary of dn dlrport, ~ilmch could bc used as a low-approach 
navlgntlonal ald; and :rhxh xubht be procured, mstallec’, and operated by 
alrllnes or munxxpallts es at certazn desrred tcrnnnals as Lhe need arose. 
The 2 VCR :,as prvnarlly intruded for use at airports There the traffx 
density 1s too small. to ~usti;y Lhe installation and ,,laxntenance of a 
complete x&zument landx~g system (ILLS). 

The successful rem1 ts obtamed in the Indxtnapolss tests led 
to the further performance testxlg of the TVCR at several other axports, 
and It was concluded that the TVOR ten be an extremely useful a;d ln the 
ewdance of alrcraft to or from an dsrcort, In low apixcoaches GO the 
field for landmg, and as an accurate l-xx or holding ald.1 

The lsnuted finds granted to the Offxe of Federal Alnrays for 
installation and maultenance of TVOII facllltles precluded Lhelr mstall- 
ation at nuwrous airports IThere they ‘fere needed. Reallclng the neces- 
SIL,~ for more TVCR stations, tihe Air Transi?ort Assoclatlon nroceeded to 
assel~blc a low-cost TVCR that &e mx’rvldual alrllnes could purchase and 
xxitall. at de:lred ter.n~n~ls. lioh&lrrk !~.rl~nes of Ithaca, Teu York, nas 
the fl.rst asrlr!ne to ln: tall 9 TVCR under the ATA pro:,ram for private 
o:ocratwn and I, auntenance. 

Operation of the Ithac,; TVOR has been very unsatisfactory, nnd 
ine facll1Ly rras approved by the Of:ace 01 Federal Axways for use only 
on approaches In line Tnth the arrport ruraray. At the request oi the klr 
‘Trsnspor t Assocxtlon nnd iIoha-rl: i’irl-nes, TnCC investigated the Ithaca 
TV05 to deLerrllne the cause of 1% excec ‘. ~lve bearing errors and generally 
unsatufcc tory operation. Accordmgly, trro TiXC en&lneers were dLspatcher1 
to Ithnca, l’eTr York. This report covers the brief Investlgntxn from 
June 16 to 20, 1953. 

The isohawk .‘.-rllnes TV@. sntcnna lystCs1 consxsts of a Type 2602 
Alford Slot antenna mounted at the center of a counterpoxse approzmately 
clCht feet xc diameter and four fret above the &round. The enclosed 
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space beneath the countcrpolse houses a $-r%tt rl.lcox dlectrx Comoaw 
transmitter, a iiaryland glectronx l~enulcctur~~g Company modulation ellm- 
lnator, a CBA Type U-1337-h gonlometcr, and a CA&. Tg-pe CA-1277 VOR 
monitor , 

in comparison to the Ithaca TVOR, the CA;! standard TVOR con- 
s1sts of a counterpoise 12 fee L 111 diameter and 10 feet above Lho ground. 
h four-loop cntcnna arrv, deve!oiIed at ‘PLIX, 1s mounted at the center 
of Lk cou&xpo?se 711th a &as& do!,e shelter protoctmg the antennas 
am1 cables from the ~rentner. The enclosed space Lenoath tile counterporse 
houses component eqtuyment sxrniar to that of the lioh~~~k w.rl~r~es TVOR. 

In addltlon to G-e C4A i,lorutor equa,xnent xwtnlled a~ the 
liohxrk Alrllnes TVCR, the T&C su&~.ed ir CAA Tyx CA-llr30 phJse standsrd 
dnd a C,_r; Tvpc 2559 OSC~~!OSCO~C ior we m tne tests described Jn this 
rep0I-t. 

TEST’S 

The JO-cycles per second frequency roodulati on of the 9.96- 
kilocycle subcarneer 1s knoun G the reference-phase s*Dal. The 
reference-p&se slpnaJ. has a circular radlatlon pattern of constant 
phase at all az3muths. The 30-cpb modulation produced by the rotating 
fIgwe-of-elcht pattern IS lao?rn as the variable-phase sl;nal. The 
pha:,e a&e of the vailable-phase slgnsl vx~es &-rectly lnih azimuth. 
The tone Trhecl produc~g the reference-pljasr rnodulatlon and the gonlomcter 
producing the varlatie pha,;e modulation xe drawn by the saw syr&ro~~ous 
motor. 

The wlt:al t&t -T&S conuucted xxthout any adJustw&s at Lhe 
statxn~ to e;taLllsh the o-~eratm& boxing-error curve of the stetlon. 
Lt34es uei-e cm.ven onto the ground at a ratios of ap~woxlmately 100 feet 
from the center of the antenna and spaced at ls” lntcrv,:ls. A portable 
fxid pick-up unxt, desl~ncc’ to be used r,lth a CAA monitor, lras used to 
obt?Ln callbrablon data at each stake. The bearmg-error curve derlvetl 
from these data 1s shown 111 Fig. 1, 

A comparative bearxng-error curve was made by measuring the 
phase of Lne variable-@lass Sinai lrlth ths phase standard. The variable- 
phase signal wets t&on from the verlable-phase channel of the momtor 
(tills may be obtaLned directly from the output of the portable field 
pick-up urut) and fed to the vertxal a,,pllfxr of an oscilloscope. 
The phase-standard output r,as connected to the horizontal ampllfler of 
the s‘ame oscilloscope. The phase was read on the phase standard ldhcn e 
linear trace wr^s observed on the oscilloscope. An err01 curve was 
denved from the difference bctr;een the phase-standard rear&g and the 
known azimuth marked by the stakes , The lo-kc reference-phase modulation 
does not affect the beanng error wLth this method. Fig. 2 show the 
-esh,lts of this method 0,’ detelmxmny the bearmg-error curve, 
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A CoT,wLLrlGOn of ALS. 1 n-d 2 1n&c. tes a. ,nR;umunI1 LJear.L-l[;-error 
spreaa c,f <lbout. 110 rm1!1 ;I dej x17 tel) defined duantal snaps. Thus duantal 
EIG~C of the bear?ng-error curve nlay ‘be the result of an undeslrec! mod- 
uiatlon of the carr~.er, \Thhsch Trould combine vector~.ally rrlth the vanable- 
phase signal. Another possible source .rhlch m-ght produce a duantal- 
shaped bearing-error curw 1s an undexred hum enterltq the phase- 
mc7emxn~ cwru~t of the mom tor. The monl tar was suspected as the 
lC&lCciL SOlJrCD; ilowCVeel’, a further test sho red that t!le monitor ila.b 
oporatulg sat*sfdctorGy. i s~t;nal 7~~s L&en directly from the portab Le 
fh?l~ pc’.-up un7.t before cnwrxg the moritor, and a beawl&-error 
cwve TX oblalxd by can+~ng the variable phase 771th ihe phace 
:>Canddrd. Tile bearing-error curve obt,uned rilth the IllonLtor compared 
favorably :ili!l the bearlnt-error curve obtzned directly fro11 t,he fxld 
~kc~-up, Lllerciore, d. era:. concluded Lhal the monlior 113~ not tLe c&se 
OL -c:ha dunntnl-shaped error curve. 

F-L&. 3 s’~ows the calll?rztLon-error curve of the otatlon after 
ccx>7etmg the ground check C1xi ad;us’,ment. A com)rarl son oJ’ ~‘1~s. 1 
cmd 3 ml 1 show the efiect of h,.vuq ihe IO-kc tone->rheel modul~n~~.on at 
? value ,--mater than 30 per cent. The modulation ellrflunator bwor,es 
-ie>- e+- crtdve, and Lt IC not able to perform the function mtcnded. 
The small amount of duantal error remaln:ng U-I the bearxng-error curve 
md~caies that the lv~h tcne-vhee~ modulnt~on level and poor o.sr&on 
of i he modLllrtion el3iiunator iiere ‘Tot the entwe cau’;e out did contnbute 
the :reatcr ,lmount of error. 

Upon ana7_yzmg the o,ltpuL of the translnltter -nth ?n osclllo- 
ZCOE, au roawtely 1 l/h ger cent 01 60-cps modulation Y~LT notoo. A 
caparltg of 11 ~,uciofarads uds placed between the Hugh voltage output 
and the <round. TILLS lorrered Lhe CO-cps modul atlon co approx;mately 
i/J4 of 1 m,er cent. The co-c,:s modulation mq CO’X,XE :aLth Lhc 36cps 
V~LU! !e-phase signal to prouuce p,,rt of the duantal error of the beanng- 
cri 01 curve. T 0 substantiate this, the transmtter 1~2s replaced i,lLh a 
C.1, Tf$e TUQ trcnsnutter su!~pl;ed by TLIX. The stdtxon uas co], loletely 
retuneo arrl r~ boarLn;-error curve TICS ta!-ea. Fig. 4 silorbs tnc ~CSLI’ tr 
of Lhls test. 



The Learu-:,-error curve of ?I&. 4 bbrnrs a spread of 3.4”, and 
t!>c curve has an octantal shape. IrcrLous Lests L onduc Led at slrn, lar 
da boons u: 3 no Alford ;ntennas lndlcate that t11qs nctxlto1 sha7e 16 normal. 
Tile oct&nts: shape IS ccuced by Ibe devx&on of the fl@re-of-el&t side- 
band ytt2rns frorl! that oi a Elrl" 1,ave. A bearmg-error s?rcsd of 2O has 
bee.1 OhtLl.XJd, ilO~f2Ver, w~tn the f I Lore-of-eight devlataons sssoclsted 
'72 tll tiliS typ0 antenna. 

Luring the fxst tests ccrducted at the stattlon, it was noted 
that ihe stub tuner of the lnodulatlon clir,nnatcr had to be resLt several 
:,~n.cs betTen tests. The I eplaccment of the tubes and, eventually, Lhe 
rc?.accment of the mcdulatLon elln-natcr rnth a spare un;t iasled to ccr- 
;ccL tm ii-cuble. The unstable co~&~on necesslt&cn rephas1.n~. of the 
:;lGel zndis-to-carrier for +c,,er c~xrat~o,l. Prior to rephdsmg, a measure- 
r:cnt of Lhe vdr.rlable modulet~cn shoved a change from the normal 30 per 
cent to a value between 15 and 25 per cent. The chanCe could be attributed 
to elkher a change In xkenw charactel%sx,lc s or to a frequency slmft m 
the transmit ter . ;ictunlnL tile stub tuner and reph,ms;ng the sldebands-to- 
crrrxr usually returned the varLable modulatxn to normal. 

,- fmal &Jr-ng-error cakbratxn of the monatcr lras III progress 
rdlen a-mt:wr i;xrd OL ~n:tab~i~ty -Ta.:: observed. ! 3xthcr check reve,lled 
Lhat the var-able mcdai;tIcn had mcreasecl to 50 per cent and LhaL the 
sldcba~~~s-to-carrier pllas~nc, had chanLcd +oro7amately &'. The stub 
Lamer of the Ilodrlat~on ellnnnator xras not cut of tu.x. A bearlq-error 
curve lens talon. This 1,s shwm in '1~. ;. Jt I.S belaevcd that an Internal 
change cl lar@? rna~~n tude h.ld t&en place ui thr antc~lna. A study of Q. 5 
s'ho TS that the bearmz-error curve 2-s quadrantal in shape, LndIcatmng an 
sneqoalltJ 10 t,le 33 Le of the f3 ~~xc-of-e3.ght patterns. ThLs was noL ob- 
stlrwi duurxn, the precr?d-Ln:; tests. The I nequallty of the figures of e@t 
‘~P~I Ld produce ma: amen rrror at COCCI c,rd,nal directIon. Sylce the Alford 
,mLecm ha, been obrerved from previous tesLs dt tl-ms Center to change 3n 
this manner bec.nuse of rain, no further tests were conducted at Ithaca. 

1. Observatxons lndwated that the tllbes of the modulation 
ellmlnator rrere ln need of replacement. 

2. The &-;oer ce,rt, lC-kc, tone-Thee1 modn~atlcn overloaded 
tne modu!ulatlon elwnnator, so Lhat IL c'ld not "peraLL, ,xcperly. 

3. The antenna 1s not, adequately sealed a;amst moxture and 
1s oasQ& affected cy moIstwe and huw-rllt-y contitxcns. 

4. The audio-re-?on,e curve of the transmitter 2s not flat 
b&Teen 9,000 and 11,000 rps. ,P ccrtaxl amount of slope detectron of 
the 70-k nodulatlcn places rl 30-c:)& amplitude modulatron on the carrier. 
This condlt,o.cn Lncrenses the maLnlLudc 0;" the duantal boar-fig-error curve. 
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5. The ampl,h tude modulation of the tone-wheel signal yrnr, 
accentuated by the transm?-ttel audl.o-mnput CUTLU tni, causing a change 
from 11.2 to 9.2 per cent. 

6. k chann,rre ln oxrat-ng constants took place lnternttently 
for no apparent reason; that ILS, the var,able-phase modulation rhwgcs 
frcl , 30 to 50 per ten%, the modulation-ellmlllator stub tuner reoulred 
l’ctunlng, and the r-f phase beween the sidebands and the tamer 
necessltatcd resett ~ng. A substI.tvtlon of Lhe spare rladulatlon eLr- 
l~dtor for tnc CIILO in servlcc fdlled to alter the lntrrmxttcnt fav?t. 
The mtema 7ras suspected, but a rwasuremcnt of tno KF,ii for al 1 three 
Lnplits Lnticnted that This ‘LX unlikely. 

7. A l.arte cha~\~,e U-I olxratmC constants ‘71th no CCXSIZ~ m 
rncd~datl on-eimmator stub tuner took plxe lrmnedlnte3.y foll.oxIUI; ine 
-recordTilg of zi very saL~,?fsctory bearzg-error curve. R quadrantn1 
IXW-m;-error cuuc: rns noted after the statlon wa? r&wed to norr~al 
conrhtlans. Tt 3s beheved th& faulty operztlon of the anLe?na &.s 
respon,xble Ior thus chance. 
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THE VARIABLE PHASE ANGLE WITH A CAA TYPE 1430 PHASE STANDARD 
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