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VHF OMNIRANGE REFLECTIONS FROM A SINGLE TREE* 

SUMMARY 

The performance of a very-hugh-frequency ommrange located at var~ons distances from 
a single tree 1s described Tests also were conducted with the hormontal hmbs of the tree 
removed As the distance between the very-high-frequency ommrange and the tree was 
Increased, the scallapmg amphtude decreased and the scallopmg frequency mcreased With a 
42-foot separatmn, the whole tree produced scallopmg of A7 4” at 20 miles distance An 
increase u, separatmn between the tree and the very-high-frequency amnlrange statton to 343 
feet reduced the scallopmg to +2 1” The tests ,ndlcate that all parts of a tree contribute to 
the aver-all scallopmg It 1s concluded that the tree removal cntena of the Clml Aeronautics 
Admmstratlon Manual of Operations MANOP v-A-5, uhlch requires removal of all trees WIthIn 
750 feet of the very-hvgh-frequency omnrrange should not be changed The tests upon whtch this 
report IS based dtd not mclude evaluation of the effects of groups of trees 

INTRODUCTION 

The proper sltmg of a very-high-frequency ommrange (VOR) statIon 1s complicated by 
the many reflectmg abJects such as trees, wires, bmldmgs, and fences which may cause adverse 
effects on the courses The effects of reflectlore from wres’ 
In pre”lous reports 

and hangars’ have be?n discussed 
It has long been recogmzed that trees cause course scallopmg It was 

not known, however, If a partxular part of a tree, such as the foliage, the horlzantal hmbs. or 
the trunk was the major cause of course scallopmg This report describes some fhght tests 
to determme the effects of a smgle tree on scallopmg of VOR courses The spacmg between 
the VOR statmn and the tree was lnmlted to 400 feet 1n order to fac,l,tate the dlfferentlatmn of 
the smgle tree scallopmg from the residual scallapmg The tests were conducted durmg 
February and March 1956 while the tree had no leaves 

EQUIPMENT 

A portable VOR, using an Alford slotted-cylmder antenna and a 1Z-foot diameter 
counterpmse IO feet above ground on a 2-l/2-tan truck. was used for the tests. A 50-watt Type 
TUQ transmitter was used as a radm-frequency (rf) source A smgle maple tree 55 feet high 
was the reflectmg ob,ect The portable VOR was located at 42, 142, and 343 feet from the tree. 
The gently rollmg fmld was nearly as h,gh as the VOR caunterpolse in the southeast dmectmn 
and lower ln the southwest dmectmn A general view of the eq,npment and the tree 1s shown 

*Manuscnpt submItted for pubhcatmn May 1957 

1 S. R. Anderson and H. F Keary, “VHF Ommrange Reflectmn from Wxes,” CAA 
TechnIcal Development Report No 126, May 1952 

‘S. R. Anderson and T. S. Wonnell, “The Development and Testmg of the Termmal VHF 
Ommrange,” CAA Techmcal Development Report No. 225, April 1954 

3Federal Amways Manual of Operatmns V-A-5, “Sltmg Crlterla for VHF Ommrange 
Statmns.” Fourth Edttmn, March 15, 1956 Paragraph 5 24 (c) T rees-“Smgle trees of moderate 
height (up to 35’) may be tolerated beyond 750’ but no closer -groups of trees should be 
wlthm 1000’ From 1000 to 2000’ It 1s desxrable that all trees subtend a vertical angle of 2’ or 
less and clearmg rights should be obtamed for the removal of such trees If It 1s determmed to 
be necessary by a flight test 
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Ill Ftg 1 Figure 2 IS a map of the site shmlng the maple tree. distant scaltered tree , and a 
wooded area southeast of the site An aerml YL~Y. of the site 1s presented in F,g 3 

All flight observations were made ,n a Douglas DC-3 arcraft us,ng a Collms Typt 51R.3 
navigation recelvcr Esterline-Angus graphic recorders were used to rerurd fteld iirength 
a,nd <ourse devlat,on ,ndlcator (CDI) current 
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Fig 6 Scallopmg Amplitude on IO-Mile Orbital Flights 



Fig 7 Scallopmg Amplitude on .O-Mole Orb,tal Fl,ghts 



TESTS 

OrbItal flights at IO-mxle and 20-mile radu were conducted around the statlon at an altitude 
of 2,000 feet Standard theodollte cahbratlon procedures were used for the IO-mile orblts and 
ground checkpomt callbratlon procedures were used for the 20-mole orblts 

Fqure 5 shows the system cahbratlon curves as derived from the data recorded at a 
IO-mile radius The curves were plotted at 2” mtervals to present the scallopmg amplitude and 
frequency adequately It ~111 be noted that as the spacmg between the VOR and the tree mcreased. 
the amplitude of the scalloping decreased and the frequency increased Data for A, B, and C of 
Fig 5 were obtaIned with the whole tree, wh,le that for D and E were obtaned after removal of 
the hortzontal lm,bs of the tree Flgure 4 shows the tree after the limbs were removed F of 
Fig 5 was plotted from data obtaned after removal of the tree 

The scallopmg amphtudes plotted ,n polar coordmates are dlsplayed in Fig 6 for the 
IO-mile orbIts, and in Fig 7 for the LO-mile orbtts The receiver-input level measured on 
the IO-mile orblt ,s shown ,n F,g 8 As can be seen from the polar plots, the slopmg ground 
appears to have affrc+ed the field strength and the scallopmg amphtudes In the presence of 
only one urnform reflectmg ob,ect located south of4the “OR on level ground, the scallopmg 
should be symmetrical about the north-south 3x1s A tree IS not a urnform reflector, but the 
reradlatlon should be essentully symmetrxal The higher ground to the east and southeast of 
the stat,on appears to have attenuated the d,rect sIgna from the statlon more than the reflected 
signal from the tree which mcreased the scallopmg toward the east The downward slope to the 
west Increased the sIgnal and decreased the scallopmg I” that dIrectIon 

Fqure 9 shows the max,mum course scallopmg on lo- and ZO-mile orblts as a function 
of d,stance between the VCR and the tree for the whole tree and after removal of the horizontal 
limbs It 1s apparent that the effect of the tree was nearly as pronounced when only the trunk 
remamed as when the whole tree was present When the honeontal lxmbs were removed, 

4 
Anderson and Keary, op clt , Fig 13 

Fig 8 Recezver-Input Level 
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Fig 9 Maxmnum Scallopmg Versus Dxstance to Tree 

however, the scallopmg occupxd a wider sector as mdlcated ,n Fvgs 5, 6. and 7 The 
borzontal hmbs tended to add dlrectlmty to the reflected pattern and the vertical trunk appeared 
to functmn as a non-d,rect,onal reflector 

It ~111 be noted that in F of Fig 7 a scallopmg of fZ lo was present on the ZO-mile orbIt 
when the smgle tree was removed The nearest tree then was loc.ted 700 feet south, another 
tree was S50 feet east. and the nearest pant of the large grove of trees was 1,100 feet to the 
southeast 

CONCLUSIONS 

These tests have shown that 

1 The scallopmg amphtude 1s not affected matenally by the conflguratmn of the tree 

2 A tree wvlth predommately vert,cal lm,bs causes scallapmg over a wider sector than a 
tree that consists mostly of hormontal lxnbs 

3 Present VOR s,tr,g crltena, as contamed in the Federal Axrways Manual of Operatmns 
V-A-5. Fourth Edltmn, March 15, 1956, whrcb require the removal of all trees wlthm 750 feet 
of the VOR be left unchanged 


