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.ABSTRACT 

Different antenna systems were tested for both horizontal and 

vertical directivity on this wavelength at distances of from 7 to 30 

miles. The antennas used in these experiments included parabolic 

antenna, V-type, double V-type, Adcock antennas, etc. 

Using an Adcock antenna the azimuth of the incoming electro

magnetic wave can be cle~~i nec1 vri t hin one half degree accuracy , and with 

a slight modification of the receiving elements to fonn a horizontal H 

antenna , the vertical angle of the incoming wave can also be obtained 

with the same degree of accuracy. The former antenna can be converted 

into the latter by mechanical means within a few seconds and thus both 

vertic.al and horizontal angles can be measured with the same anten..11.a 

set-up. 

With the antenna one and a half wavelengt hs above the ground and 

with the ground surface homogeneous in the immediate vicinity of the 

receiving antenna, the direction of the incoming electromagnetic wave 

coincides with that of the transmitter emitting the wave, witiin the 

same accuracy of one half degree. 

Deviations from the true directions at different locations and 

at different times were observed. 

A simple theory of reception of the horizont~ H and the Adcock 

antennas were also given. 

The receiver used for this experiment is a superheterodyne re

ceiver specially desigged for this purpose using a resistance-coupled 

I-F ampligier. It is very stable in operation and has ainple sensitivity. 
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JNT:'.-10DU C TION 

In the past f ew years different methods have been worked out 

for direction finding at various short wavelengths using different 

kinds of antenna systems. '/Hien speaking of direction finding , t he 

defining of horizontal or azimuthal angles of the direction of the 

incoming electromagnetic waves emitted from a distant tr8;llsmitter 

is generally referred to. 

Most of the work done on direction finding has been on wave-

lengt hs of over ten meters. Due to reflections from HeaV:J'side 

layers in the high atmospheres alone seriously erronous results 

often arise. 

11he modern radio direction finder undoubtedly owes its suc

cess very largely to the introduction of vacuum-tube amplifiers, 

enabling a moderately large reception range to _be obtained, and 

its practical development therefore dates from about 1915. 

Previous to this, such systems of direction finding as were in exist

ence were confined to short-distance worldng and the comparatively 

crude instruments t hen in use made accura te systematic observations 

difficult to obtain. As early as 1908, however,Pickard observed 

t hat large errors might be obtained in the reading of coil direction 

finders due to buildings, trees, and other obstacles in the neighbor-

hood. In the diagrammatic re:presentation of his results, the errors 

are shown to be appI<0aching 90 degrees. It was found also by 

Fessenden in the years 1901-07, tha t errors in apparent direction 
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of as much as 20 degrees to 45 degrees might be obtained in the 

indication of these instruments when receiving over a ra.n2;e of 100 

miles. These errors were attributed to a refraction effect result-

ing from the difference in conductivity of land and sea-water, or 

even to a varying local conductivity of the ground and of vegetation. 

In making continuous observations day and night for a week, Fessenden 

was apparently the first to observe that the errors were greatest 

during the night, a fact which he attributed to a refraction effect 

of large clouds of ionized air in the path of the w~ves. 

A method of obtaining an absolute zero of signal strength on 

a small frame-coil direction finder was described by A.H. Taylor, 

in which the "antenna effect" of the coil is compensated for by a 

small emf from an auxiliary frame at right angles to the first. 

Using this system at Washington, it was found that while readings 

taken in the daytime were fairly accurate those taken near sunset 

and at night were very erratic. While it appeared that the 

variations observed on continuous waves of wavelength 13,600 meters 

were greater than on shorter waves, they were q_uite serious on 

damped vmves of 1,500 meters wavelength. These variable results 

were briefly ascribed to reflection and refraction effects occur

ring during the propagation of the electromagnetic waves over the 

earth's surface. 

The liability of the metalwork of a ship to produce a q_uad

rantal error in the readings of a direction finder mounted thereon 

was mentioned by Blondel in 1919, while the corresponding effects 
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on an aeroplane were later described by Robinson. The complete 

theory 01' the effect of the metal hull of a ship on a direction finder 

was first given by Mesny in 1920. Calculations from this theory, 

confirmed by experimental results, showed that the quadrantal error 

obtained may be as great as 12 degrees. This error was shovm to 

be independent of wavelength and to decrease with the height of the 

frame coil above t t e deck. Attention was also drawn in the above 

paper to the approximately analogous case of a direction finder 

erected upon a hill or an island, and the resulting quadrantal error 

which may be obtained in such a case is illustrated by a curve 

having a maximum value of 15 degrees. 

The phenomenon of the refraction of electromagnetic waves 

in passing over a surface of suddenly changing conductivity was 

.discussed by T. L. Eckersley in 1920. Experimental observations 

made in Cyprus and Egypt on wavelerigths between 800 and 1,100 meters 

showed that wireless waves in crossing a coastal boundary between 

sea and land might suffer a deviation of as much as 4 degrees. This 

deviation falls to l§ero for normal incidenae of the waves on the 

coast line, and it was also shown to be negligible for wavelengths 

exceeding 2,000 meters. In the paper there is quoted an interesting 

case of a bad day minimum being produced by the reception of two 

waves arriving by different paths and with a :phase difference which 

resulted in a rotating field. 

Somewhat similar refraction effects on vlireless or radio waves 

:passing from dry to wet ground and across a river were mentioned by 
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ICiebi tz in connection with experiments on a direc tional transmitter. 

The deviations of the waves amounted to 8 degrees or 9 degre es for 

a wavelength of 550 meters. 

Some results showing t he errors to which a radio direction 

finder may be subject due to local conditions wer e given by Holling-

worth and Hoyle. Masses 01· metal work, tuned circuits, and overhead 

wires were found to produce appreciable errors in the readings. 

In 1920, Round gave an account, chieily from his personal 

experience, of the development and application of the direction 

finder during the war. The manner in which the instrument was 

perfected as a usef ul tool f or both military and naval purposes was 

describ ed together with the various types of errors encountered, 

both by day and by night, Reference was made to the 1.-1ork of Adcock, 

Eckersley , and Wright in connection with these errors, and a brief 

indication was given of the means by which they mi ght be eliminated 

for practical direction finding purposes • 

.A large amount of experimental work on t he intensity a nd 

directional properties of the electro-magnetic f i eld r adiated from 

an aeroplane transmitter was described by Baldus, Buchwald, and 

Ease in 1920, nhile a mathematical t r eatment of t his case was given 

by Burstyn. The errors in the apparent bearings of an aeroplane 

a t a ground direction finding station were discuss ed in detail in 

their relation to the plane of polarization of the emitted waves. 

The experiments of Baldus and Buchwald, in particular, showed that 
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a closed-coil direc t i on f i nder on t he ground coul d give errors of 

a s much as 60 degr ees in the bearings of a ircraft. Thi s fact is 

interesting in connection with the pa t ent fil ed by Adcock i n 1919, 

in which was descr ibed a means of elimina ting the eri'or of obs er

vation of t he orientation of aeroplanes . 

Some further observations on the variable ni ght errors 

were published in 1920 by Kinsley and Soby. Varia tions in the 

apparent bearings r anging up to 50 degr ee.s-, were recorded on wave

lengths be twe en 960 and 17,300 me t ers, and for r anges of t r ans

mis sion from 40 up t o 7500 miles. 

Towar ds the e nd of 19 20, R. L. Smith- Rose mo.de regular 

observations of the apparent r adio bearings of various transmit-

ting stations in order t o obtain da t a on the na ture , nagni t ude , 

and other characteristics of t he va.,ria tions of be8.rings which 

'Ne r e previously known to t ake pla ce . '.i:'he r a nge of v,avel engths 

covered in t hese observati ons was from 300 to 20,000 me t ers. 

Experiments were carried out to ascertain t he ei.'fect of local 

conditions such as metal work , overhead wires , trees, e t c , on 

t he readings of direction finders . '.l11ese experiment s showed th at 

s ome q_ui t e l a r ge errors, ranging up t o 22 degr ees, can be :produced 

by the proximity of such obstacl es anu emphasize the importance of 

exercising care in selecting a suitable site for a direction find-

ing ins talla ti. on. The difficulty in finding any approach to an 

ideal site was illustrated by the results obtained from the 

stations selected. In very few cases was the error due to local 
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conditions less than 2 degrees. However, such a type of error 

remains constant in value for any.particular direction, so that 

it could be treated as if it was a permanertt deviation. In one 

case, the cause of permanent errors ranging up to 15 degrees was 

traced to a long iron plate beneath the ground and supporting a 

sewer duct, over which the direction finding installation was 

inadvertently erected. 

In 1931, Smith-Rose and H. G. Hopkins obtained an accuracy 

of :1:.2° for wavelengths between 6 and 10 meters using loop and 

Adcock antennas. The sensitivity of their instrTuuents was such 

that it was sufficient for observations on an experimental 50-

watt transmitter at ranges up to twenty two miles over flat 

ground. Their e2..l)eriments have shown that t he site on which the 

direction finder wqs used must be clear of obstacles, particularly 

trees and vertical wires, for a radius of at least 50 to 100 yards; 

and there were indications that similar conditions are necessary for 

the site of the transmitter. When such conditions were satisfied, 

the bearings observed at distances up to twenty two miles from the 

transmitter may be in error by as much as 8 degrees, although in 

the majority of cases the error was less than 2 degrees. They 

also found that for a given set of conditions the changes in 

bearings observed from dE!,y to day do not exceed about 2 degrees 

f,Qr ranges of twenty miles, although in some long-distance 

observations made at a range of 3000 miles the variations in 

bearings was as much as 15 degrees in the course of few minutes' 
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observations. 

Later, H. G. Hopkins using a loop antenna at the same w~ve 

range of from 6 to 10 meters reported an accuracy of 0.1 degree 

in defining the horizontal angle of a local transmitter at a 

distance of twenty five yards using modulated signals. However, 

he didnot mention anything about accuracies at long distances, only 

in which erronous results often arise. The loop he used to gej 

r~sona~ce at 6-me~er waves was a square one seven inches on each 

side. • The receiver was superheterodyne type with a band width 

for the 2-megacycle intermediate frequency of 10 kilocycles for 

half amplitude, and has a poor selectivity. 

at a height of about six feet above gJi'·ound. 

The loop was supported 

During observations 

the observer has to change position to keep on a line perpendicular 

to the plane of the loop in order that he might not affect the 

bearings. Even so, slight head movements affected the bearings 

by~ 0.2 degree. 

So far, no effort has ever been made to accurately define 

the vertical angle of the direction of an incoming wave from a 

dist~t transmitter high above ground. 

The object of the present 0}.'JleI'iment was to develop suitable 

antenna systems at 1.67 meters to define both the azimuthal and 

vertical angles of the waves emitted by a small radio-meteorogra11h 

transmitter sent aloft on a sounding balloon. 

One of the main difficulties one encounters in getting down 

much below 6 meters for direction finding is the problem of build

ing a suitable receiver at this short wavelength that has s atis-
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factory characteristics. Other difficulties involved in these 

ultra high freQuencies include: Perfect shielding to prevent stray 

pick-up of signals from parts other than the antenna system itself, 

low loss insulation, perfect mechanical and hence electrical 

symmetry, possible reflections from nearby objects, high absorption, 

etc. 

Since the transmitter has a power output of' only a small 

fraction of a watt,avery s ensitive r eceiver must be used in con

junction with the direction finding system. 

In order to examine the directional properties on this 

wavelength of 1.67 meters, different antenna systems were thoroughly 

tested for both vertical a._r1d horizontal directivity a t distances of 

from seven to thirty miles. The antenna tested in these experi-

ments included parabolic, V-type, double V-type and Adcock types. 

The loop antenna was not used because of its small size at this 

wavelengt:i that t he sensitivity of the direction f inder would be 

very low. 

A constantly :;_•evolving parabolic a ntenna system f or deter-

mining t he azimuthal angle v,as tested. Diffe rent numbers of 

reflecting elements and various spacings were tri ed . A recording 

device opera t ed by t he signal output from a super-regenerative 

receiver was attached to the rotating antenna. li'or each complete 

revolution of the antenna an arc of from 40 degrees to 120 degrees 

facing the direction of the incoming wave was drawn on the table 

by the recording device, and the line which bisected this arc gave 
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the azimuth of the incoming wave. 'J.11.is method not only lacked 

consistant accuracy but also was unable to define the vertical 

angle. The Adcock type· oriented for null readings was finally 

adopted for defining the horizontal angle. The V-types that were 

tried also lacked the desired instrumental accuracy. 

Using an Adcock antenna the azi.rnuth of the incoming electro

magnetic wave can be defined within one-half degree accuracy, and 

with a slight modification of the receiving elements to form a 

horizontal H antenna, the vertical angle of the incoming wave can 

also be obtained with the same degree of accuracy. The conversion 

from t he Adcock to t he horizontal H type requires but a fev: ~ieconds 

and will be described later. Thus both vertical and horizontal 

angles can be measured with the same antenna set-up. 



-

APPARATUS 

(a) Transmitter 

The transmitter operates on a wavelength of l.67 meters and 

a power output of a small fraction of a watt. A 955 acorn tube 

is used in a Colpitt's oscillator circuit which is shown in Fig.lb. 

The circuit is simple and readily tuned. The weight of this 

transmitter is less than two ounces. 

layout of the transmitter. 

I 

l 
Fi g . la 

Fig. la shows the actual 
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(b) .Antenna System 

For measuring the azimuthal angle a conventional Adcock 

antenna system was constructed. It is well known that when the 

plane of the antenna system is in a position perpendicular to the 

direction of the incoming wave, the emf. induced in the opposite 

pairs of elements of the entenna are eq_ual. These are transmitted 

to the two ends of a coil coupled to the antenna coil of the re

ceiver, thus giving a null signal in the receiver. 

The general layout of the antenna is shown in Fig. 2a 

from which it will be seen that it consists of two pairs of aerial 

elements spaced at a distance of one-half wavelength apart. The 

aerial elements are made of duralurninum rod, 1/4 inch in diameter 

and 41.3 cm. long, and are screwed rigidly on bakelite supports 

which are supported by two 1/2 inch duraluminum tubes connected 

together by a brass T connector. The tubes serve as an electro-

static shield for the transmission line to the receiver. A 

twisted pair lamp cord made a satisfactory line. The whole 

transmission line extends through a horizontal copper tube one 

wavelength long and a vertical tube also one wavelength long down 

to the antenna coil of the receiver. The antenna is supported 

by a large wooden tripod which raises the receiver about one

half wavelength from ground. The antenna can be rotated about 

the vertical component of the transmission line as the vertical 

axis. 'Th.e reason that the antenna is displaced one wavelength 
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away from the vertical axis is to avoid any unsyrmnetry in the 

antenna system. 

The antenna was carefully constructed to secure perfect 

mechanical symmetry. 

satisfactory results. 

This is very important in order to obtain 

The horizontal beam can also be tilted upward to an angle 

of about 60 degrees with the horizon. 

A pointer is attached to the vertical tr~nsmission tube 

and the horizontal angle is read on a scale on top of the receiver 

cabinet. 

For measuring the vertical angle of the incoming wave an 

horizontal H antenna was found to be most satisfuctory, a pers

pective view of which is shown in Fig. 2b. This is formed by 

turning one end of the Adcock antenna insulator support through 

180 degrees, thus forming two half-wave dipoles spaced one half 

wavelength apart and connected in parallel. The whole antenna 

system is turned about the vertical axis until the plane of the 

antenna is in the direction of the incoming wave and the antenna 

is rotated about the horizontal element of the tranmnission 

tube as an axis by a mechanical device until a null signal is 

obtained in the receiver. The position of the aerial elements 

for null signal gives the direction of the incoming wave in a 

vertical plane. 

Both the horizontal and vertical transmission tubes are 

attached to the wooden tripod and the complete assembly can 

be easily folded together to be transported. 



Fig. 3a is the picture of the antenna in the set-up and 

Fig. 3b is the complete assembly of the apparatus in the field 

set up for making observations. 

Fig. 3a 

Fig. 3b 
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(c) Superheterodyne Receiver 

This receiVBr was especially designed and built to opere"te at 

1.67 meters for the reception of weak signals emitted from a small radio

meteorograph transmitter sent sloft by sounding balloons. Since it was 

to be used primarily for direction finding at this wave length, stab

ility in operation and sensitivity were essential characteristics. 

The super-regenerative type receiver is very sensitive and 

satisfactory for most ultra high frequency purposes, but it is not 

suitable for direction finding due to its automatic volume control 

&Ction. A superheterodyne receiver using a conventiontl tuned inter-

mediate frequency ar11plifier is also unsatisfactory due to the narrow 

band width of the intermediate frequency amplifier. The inconstancy 

of the intermediate frequency due to slight frequen cy variations in 

the ultra high frequency heterodyne oscillator or the signtl causes 

the output to fluctuate considerably. Thus it is essential to have an 

in termedfo.te frequency mnplifier with a flat overall g &in over a vdde 

bo.n_d of frequencies. While this characteristic could be obtained in 

a b&nd-pass amplifier, the same can be achieved with a resistance

coupled amplifier, the latter 7 however, is much simpler in design and 

construction. In addition, it is more compact a1.10 is free from 

mis2.lignment o.ue to the rough handling incidental to field observations. 

The receiver consists of two units, a converter unit and a high 

gain resistance coupled intermediate frequency amplifier together with 

diode detectors ~nd a vacuum tube voltmeter. The resistance couJled 

intermedi ate fr equency 2..rnplifier has a very flat frequency response 



over a frequency range of 110 kilocycles thus allov:ing for w.y slight 

variations etc. without affecting the output of the receiver . 

The Converter Unit 

16 

The converter unit con sists of a 956 r adio frequency a.ri1_:;Jlifier , 

a 954 mixer c=ind a 955 oscillator. The radio frequency amplifier 

gives an amplification of approximately two and a half for the st age. 

The tuning condensers, c3, are National UM-50 cut dmrn to two rotor 

plates and one stator plate. One of the stator supports was removed 

0110. • all excess shaft was cut off to reduce the minimum capacity. 

The rotor brushes were carefully cleaned and the spring tension increased 

to give smoother contact. Relatively large trimmer condensers, CT, 

are used to give a band spread effect to the tuning. All coils are 

one and half turns 'of #20 phospher bronze wire 1/4 inch in diameter. 

The length of each coil is about 1/4 inch; however, in order to match 

their inductances slight variations in the lengths are necess&.ry. 

A groundeo Faraday screen electro statically shields the inductively 

coupled antenna coil from the radio frequency coil (Fig. 4). The 

pl ate of the radio f' requenc;;1 tube is capacitively coupled to t he grid 

coil of the mixer, stage at the point one-half turn down from the grid 

end. -

The suppr essor grid of the mixer tube is connected directly to 

the grid of a conventional triode oscillc.tor. The t ap onthe oscil

la.tor.coil is about one-half turn up from groimd. 

The different stages ar e assembled in shielded compertr:ients as 
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sho\·.n b r dot tee lines in Fie. 5a, ,..:i th the pentoc e t..i.be:=- ountec' 

throu~h the shieldf. 

Fig. 4 

The three tuning conc.ensers are em1gcd toeether 

with Pyrex rods nssing 

through the shields t'us 

reducine the back l~sh, 

hie;h frA _uency asses, 

and particularly the 

interstage cou ing to 

a minimum. While all 

three rotors of the tuninc 

are zrounoed, interstaee 

coupling results if a common 

shaft is u ed. Mechw.:.cc.l 

considerc.tio s re luire 

universal cou1lings between 

these conde::-isers.. Even 

though isolontite universe.ls 

re . e,nplo ed thus isol<eti the rotors electriccllJ, if met&l fhaPts 

&re used for ganging, et these ultra high frequenci s enough energy 

is transmitted through the shields by them to produce instHbility. 

All filaments, r c.tes c....~d screen grids of the three tu,es are 

isolate~ .('rom the external circuits b~ chokes and by-~oass condense. s. 

Sm[ 1 .nice. condensers r:ere built into the tube soc. ets for each element 

\'.'here radio fre iuencies must be bypassed to ground. These &re 



supplemented by laree condensers connected in parallel for maximum 

byprssing efficiency. Chokes in the high voltage circuits are 

designed Lo be resonant at this particuler frequency. 

CONVERTER 

la•ty 11,,.ld c, __ _ 

l\n!t l\l\O ---

--<) ,, ,, ---

1· 'i" 

0 

Fig. Sa 

~: ~!{~!~:~t;t:•:~~~1°d 
j-"apo, 1(M16) 

C. NationolUM•~c11!down 
10J plo1u -,o t&.i 

!o omp C., ! r immt, 1• Not lono! M-30 

Small chokes 

and the bJ-pass condensers at the heater terminals of the tube 

r.ockets confine any str~y radio frec:uencies to the resp ctive tube 

circuits. 
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In order to reduce the noise level due to microphonic and tube 

noises down to a desired minimum, the coupling condenser, C2, to the 

intermediate frequency runplifier must be very small. c2 consists of 

two wires 5/8 inch ong imd /~ inch a <>rt (#,'16 wire) \"hich is suffi-

cient to give the desired coupling. The whole converter unit is shov.n 

in Fie. 5b and Sc, while Fi. 5d shows the bottom view of the chassis 

of the converter. 
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Top view of converter it. 

Fig. 5b 

Side viev, of converter unit. 

Fie. Sc 

__ ] _ _ ____ _ 
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Bottom view of chas::-is of converter 

Fig. 5d 

Intermediate Frequency Amplifier 

The intermediate frequency amplifier consists of four resistance 

cou led ste.ges. An 1851 and two 1852 hieh u television ?,mplifier 

tubesdrive a 6J7 in triode connect · on (Fi • 6). This a~~lifi er is 

ca1 &ble of deliverin seve intermediate fre uencr volts to the diode 

before overloading. 

The overall amplification of this a~plifier unit is ap roxi-

matel 110,000 rt 220 kilocycles. The response curve of the unit is 

flct from 150 to 260 kilocycles as shown in Fig. 7 , which is })lotted 

with the volu)lle control ..,o set thnt the amplifier is at the thresho d 

of noise. 



AMPLIFIER 

"'" "'' "' 

-,-1:::;',_ 
IO M vol CIN'l!<ol \ 2~MA 

Schematic circuit diagram of the I-F 
am lifier rnd the detector unit. 

Fig. 6 
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etector end Vacuum Tube Voltmeter 

A duplex-oiode triode, 6R7, is used as the combined and vacuum 

tube voltmeter. One of the double diodes of the 6R7 is coupled 

directly to a phone plug, while the other is coupled to the grid of 

the triode section which serves as a D. C. amplifier in the vacuum 

tube voltmeter circuit. 
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The intermediate frequency amplifier and the detector end vc.cuum 

tube voltmeter are built as one unit. The chasses and shields of 

both units are built with heavy copper sheet carefully formed and 

soldered to eliminate high rP,sistance joints between shields and 

chassis. Shields enclose those metal tubes which have grid caps on 

top. Beneath the chassis of this unit shielded com~)artments are 

Bottom view of the chassis of I. F. empli ''ier. 

Fig. Sa 
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made according to the individual circuits rather than to the individual 

tubes thus giving the stability required in an amplifier of such high 

amplification (Fig. 8a) . This unit is cou led to the converter unit 

b;'l a shielded single-prone; plug. External connections are made through 

a six-prong plug and jack. Fig. 8b shows the top view of this 1mit . 

The whole assembly of the superheterodyne receiver is shown· . 

Fig. 9. The receiver has a hieh sensitivit. Using a single 955 

Top view of I. F. am lifier unit. 

Fig . 8b 

tube transmitter with a plate in ut of one vratt over a thirty-mile 

optical path, the signal is strong enough to develop an intermediRte 

frequency voltage of sixteen volts on the pl2te of 6J7, i.e. to operete 

the receiver to its full ca9acit. 



Superheterodyne receiver 

Fig. 9 
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The fre uency range of the receiver covers from 1.64 meter to 

about 1.98-meter end spreads the bend over the 500 divisions of the 

National PWO dial, whereon each division represents a fre~uency change 

of about sixty three kilocycles. 

The tuning is sharp and smooth and no more critical than average 

broadcast receivers. The calibrl'ltion and overall performance remain 

very const t through the variations in temperature and humidity, @Q 

rough handling encountered in field me&surements over en extended 

perioci of time. The maxi.ffilIIl varietion observed due to the combined 

changes in the transmitter and receiver is not over one-half division 

of the di which represents 0.017% of the frequency used. 
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FiglO shows the signal response with the output in intermediate 

frequency volts plotted as a function of signal input, for different 

settings of the gain control~ The input was measured py observing the 

antenna current of the transmitter used as the signal source, the 

transmitter and receiver remaining at fixed positions during the 

observ2.tions. Curve A shows the linear characteristics of the con-

verter and amplifier at a low gain setting. At higher gain settings, 

curve s B 2nd E show the increasing effects of' overloading in the latter 

stages of the intermediate frequency amplifier- at higher output levels. 

In curve Ethe gain was set for the threshold of noise. Curve Dis 

for maximum gain and shows a very steep slope at the region of low 

signal input, so that a slight variation in the neighborhood of zero 

signal produces a great change in the output signal voltage . Since 

the receiver is primarily for direction finding by a null point method, 

it is hig}:->J.y desirable to have a steep response curve as shown in D. 
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TIDXl RY CF ANTENNA 

(a) Horizontal H antem1a. 

Consider the H antenna as placed in an electromagnetic field,E, 

of a half wave radiator. The electric field strength in vol ts per meter 

at a distance r and at an angle '-JI from the center of the radi E1,tor is 

given by the eXl)ression 

E = bO ~ co;f!'¥tJt) Si11 co (i-f) (l.a) 

where i 0 is the current in amperes at the center of the radiating antenna. 

This is the magnitude of the electric vector in the ~lane of the radiating 

antenna and in the direction perpendicular to that of the radial vector 

r. V'lri ting in eXl)onential form we have 

£ = lo <,, cos(feosW) eiw (-t- r) ( imag. 
b r Sino/ part) {:l. b) 

Let t h e H antenna be in the plane containing r and E and be tilted 

at an angle 9 from E, as shown in Fig.A. Since the middle partsAB, and 

CD of the antenna are well shielded, any pick up due to these par ts can be 

c.. 
Fig. A 

i gnored. 
.. 

The emf. generated in a length dx of 

the wire Aa at a point x f rom A is Exdx cos 9, 

where Ex is the field strength at the point 

x. Since Aa is one q_uar ter wavelength 

long, it is necessary to take into account 

the variation in the phase of E i n calculating Ex. It is seen that the 

phase factor a distance x f rom A is given by eJ~·x sin~. There is an 

additional phase lag before this impulse reaches A alone the wire given 

Since the reflections from the upper end of the wires depends 

upon the i mpedance of the antenna circuit which is a constant in this case, 
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their effects can be i gnored. The interactions be tween the el ements are 

also neglected . Hence the integral of the product of these terms along 

the wire gives the total effective emf. Thus the potential at A is 
I'\ 

given 

by c jtf r D ~o cos(J[c.osl/') Jw(t-~) e j~(Siri0-l)~x, 
. A 

O 

O r Si'1 \fl e cos e: 
( 2.a) 

where r 0 is the distance from t he center of radiating antenna to A. 

Since A/4<< r 0 , therefore we can write 

b O j_o ccs(~ eos 11') ~ b O io C,oS Pl- (.t)S t/1) = k 
r .s in yr Yo s,?v if -

E I< ·w(-1:.-~) eJ¾ F'{(Si,d~-l)x d 
A = e! c. cos e X: 

0 

· )\ J< · It ~) [ j:zr.(Srn-0-1)1 
=-J~t-Si1'1B) eJWl\. -r CPS0 (- e R.. ) 

Thus 

(2. b ) 

( 2 .c) 

Similarly the pot ential at B is given by 

E __ • A K ;(w(-t-~)-';::-~tose] o[t- if(shte-1)7 
B- :J ~(l-sih8} e ~ e J (3.a) 

since Ex at B differs from it a t A by a phase factor e- j.;g.A.Bcos0 or 
.lff 7\, Ll 

e-J~-~cosu, and Bb is parallel to Aa. 

The paten tial at C due to the induced ernf . in Cc can be obtained 

just by finding the potential at a for t he element .A.a in the above case 

only with an additional phase fa ctor in the expr ession of Ex of amount 

.21f "- . a .71 • 8 ..._.! 
eJ~•+sin u or en(s1n . The phase factor at a dist~nce (''; 4 -x) from 

.M"(l\. ) . d a is bi ven by e-J~ 4 -x s1nv, and the additional phase lag before the 

.!m(~ 
i mpulse reaches a along the wi re given by eJ 7'. 4 - :x:). Thus the poten-

tial at C 

(5. a) 

Nmv since the antenna sys telil is symmet1° ical m th r espect to F and 

G, the resultant potential difference across EF can be repres ented by 
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The position of antenna at0 =fgives a null signal in the receiver 

since fFG-=O at this position. 

The converted values of Gffr corresponding to tbe readings in the 

output meter is plotted against 8 as shown in Fig. llA. 

(b) Adcock Antenna 

In this case the electric vector, E, of the incoming electro

magnetic wave is parallel to t he antenna elements .A.a etc. Let the 

plane of the Adcock antenna make an angle t with the wave front as shown 

in Fig. B. 

Top v,iew Side view 
a dT. 

B,b 
£ ~ )£ 

"/4 
• A 

,:- Dl 
7"/2. C B T ~ A,a 

¾. 
J-/4 

C bl 
Fig. B 

The potentials at A, B, C and D can be easily got from (2.a), (3.a), 

(7 .a) 

( 7. b) 

(7.c) 

( 7. d) 
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where <p is the angle which the plane of the Adcock antenna made with the 

.tn .\ . ,I.. 
wave front, and e-Jx·~sin-r is the phase lag of Eat B from A. 

By similar arguments as in (a), the r esultant potential difference 

across FG can be written as 

(8.a) 

We see that gr~== O at <p = 0, which is a null point, and t-,:c, is a maximum 

The converted values of &-;:~ corresponding to the readings in 

the output meter of the receiver is plott.ed against cf, as shown in Fig. 

llB. 



RESULTS 

The directional response curve of the Adcock antenna for 

horiaontal angles is shown in Fig. 11cwhere the output meter read

ing, i.e. ten minus the signal output in the receiver is plotted 

against the azimuthal angles. It can be seen that the direction-

al response of the antenna is very sharp at null signal. l!~ig. 

12A shows the directional response of the Adcock antenna lying 

horizontally for vertical angle measurement. Fig. 12B shows the 

directional response of th~ horizontal H antenna used for vertical 

angle determinatimn. The latter has a very much sharper response 

curve, as can be seen by comparson of the two curves. The 

characteristic curves were made with the transmitter at a distance 

of sev:enrniles from the direction finder. 

With a small transmitter on top of Mt. Wilson and with the 

direction finder in open fields at distances varying from seven 

to thirty miles optical path, both the azimuthal and the vertical 

angles of the incoming wave can be determined well within 1/2 

degree and possibly 1/4 degree accuracy. 

With the antenna one and a half wavelengths above the 

grt>und and with the ground surface homogeneous in the immediate 

vicinity of the receiving antenna, the indicated direction of 

the incoming electromagnetic wave coincides with that of the 

transmitter emitting the wave, within the same one half degree 

accuracy (Table I). 

In order to determine the effect of possible reflections 
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Asimuth of tncoming wave as 
determined by direction 
finder at repeated times in 
degrees. 

0 
0 

+1/4 
+1/4 
+l/4 

TABLE I 

Average 
in degrees 

Azimuth of transmitter 
as determined visually 
in degrees 

0 

(Observations made at a different date but 
at approximately the same location) 

0 

34 

Vertical angle of incoming 
wave as determined by direc
tion finder at repeated times 
in degrees 

Average in 
degrees 

Vertical angle of trans
mitter as determined 
visually in degrees 

+81/4 
+8 
+81/4 
+81/2 
+81/4 
·t-81 /4 

(Observations made at a different date but 
at approximately the same location) 

+71/4 
+71/2 
.;. 71/4 
+8 
+8 
+8 
+8 



from nearby hills or buildings that mi§ht interfere with the direct 

wave, a rotable :parabolic reflector was set u:p at the transmitting 

antenna on to:p of Mt. Wilson. It was found that change in direct-

ions of the incoming wave appreciably (Table II). 

Experiments were also made by tilting the transmitting 

antenna 45 degrees from the vertical. When tilted in eight 

different directions, both the horizontal and the vertical direct-

ions of the incoming wave remained unchanged. Although the tilt 

:produced a slight decrease in the received signal strength, the 

sharpness in determining the directions is unaffected. Thus 

for a considerable swing in the transmitting antenna through 

an angle as large as 90 degrees both the direction of the incoming 

wave and the sharpness in defining the direction are not affected 

( Table III). 

Apparent horizontal deviations of t he incoming wave from 

the true direction of the transmitter were observed at different 

tilts which the plane of the Adcock antenna made vath the vertical. 

Horizontal deviations at different dates and at different times 

of the day were also recorded. The results obtained in a field 

at Lombardy Road are shown in Figs. 13-16. In Fig. 13 it is 

seen that at zero tilt the variation in the horizontal deviation 

for each run is mostly less than one degree, although in one case 

it reached one and half degree. 

The site on which t.'lese observations were made was covered 

with vegetation and a big tree located at about t hirty wavelengths 
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Position of transmitting 
antenna 

(reflector position) 

"' (" 
ffi 
Q) 

+:> 

~ 
gii C ...-1 
l> 

...-1 
Q) 
0 
Q) 

fi 

~ u 
) 

~ 

TABLE II 

Azimuth of incom
ing wave 

(iri degrees) 

-(l/8) 

-(1/8) 

-(1/8) 

-(1/8) 

-(1/8) 

-{l/8) 
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Vertical angle of 
incoming wave 
(in degrees) 

5 

4~ 
4 

4~ 
4 

4~ 
4 

4 ! 
2 

5 1 
2 



TABLE III * 

Position of transmitting 
antenna 

(1) Straight vertical. 

(2) Antenna tilted 45° 
from vertical pointing in 
the direction of receiv
ing antenna. 

(3) .Antenna pointing 45~ 
from direqtion of receiv
ing antenna. (anticlockwise) 

(4) Same as (3) but 90°. 

(5) Same as (3) but 180°. 

(6) Same as (3) but 2?0°. 

(?) Same as (3) but 315°. 

True bearing. 

Azimuth of incom
ing wave 

{in degrees) 

3 1 
4 

3 

3 

2 ? 
8 

31:_ 
8 

3 

0 

3? 

Vertical angle of 
incoming wave 
(in degrees) 

3 1 
4 

3 ? 
8 

3 1. 
8 

3 3 
4 

4 

3 ? 
8 

? 

* This series of readings was taken following a rain while the 
ground was still in a wet condition. 



north-west of the direction finder. Evident ly the tree some ef-

feet to the horizontal direction of the incoming wave as can be 

seen from Fi g . 17. When the direction finder was moved twenty 

wavelengths west, and the tree was almost in the direct path of' 

the incoming wave, much smaller deviat ions were observed, and 

the deviations thus obtained were of opposite sign as in t he four 

other cases. 

In Figs. 14-16 it is seen that t he horizontal deviation 

is at a maximum at about thirty-five-degree tilt. 
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Fig. 18-29 show similar observations of hori:zontal deviations 

at different vertical tilts made on the roof of East Bridge Labo-

ratory. This site is surrounded by many other buildings from 

which reflections of incoming waves were expected thus the hori

zontal deviat ions observed were much larger t han those observed 

in the field. 

Similar observations made vdth antenna at different heigh ts 

above ground are shown in JJ'ig. 30. It seems that the hei ght o-r 

antenna at a distance not higher than two wavelengths f rom ground 

does not affect the shape of the deviation curve. Due to pr ac-

tical difficulties ant enna higher t han t wo wavelengt hs f rom ground 

has not ye t been tried. 

Observations with antenna elements tilted five degr ees 

from vertical to form a double-V both in forward and backward 

direction were a l so made as shown in Fi g . 31. 

Both vertical and horizontal deviations f rom t rue di rec-



tions at different dates and different times of the day were made 

on the roof of East Bridge Laboratory (Figs. 32-34). 
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DISCUSSION .AND CONCLUSION 

Since the experiments were carried out mostly in the field, 

the apparatus has to be made light and easily transportable. 

Thus the slight bending of t h e legs of the tripod when swinging the 

antenna during observations and slight torsion in the vertical 

transmission tube greatly limit the accuracy of this instrument. 

In a permanent set up a more rigid support could be made for the 

antenna and greater accuracy in the observations could be expected. 

The main diff iculty that has been encountered seems to lie 

in the surface eonditions of the ground in the vicinity of the 

receiving antenna. When the ground is wet, and expecially wh en the 

moisture is not uniformly distributed, deviation of the incoming 

wave from the true direction of the transmitter r esults. This is 

probably due chiefly to the difference in the velocity af propagation 

of the electromagnetic waves in the conducting earth 's surface 

layer from that in t he air immediately above the earth's surf ace 

thus resulting a tilt in the el ectric vector of the wave. 

It was f ound that an automobi le placed unsymmetrically on 

one side of t he receiving an t enna at a distance of over 25 feet 

does not eff ect t he observations noticeably . But when it is placed 

closer to t he antenna it greatly affects t he readings to as much as 

three d~grees. 

Since t he antenna height of one and half wavel en~t h above 

ground is much greater t han in the experiments of Smi gh- Ros e and 

Hopkins, th e position of the observer is not as critical as in 



their case. Provided he is not too close to the antenna, his in-

fluence can be ignored, 

The following conclusions can be drawn from the results 

01:ltained: 

(1) With the ante11.t---ia one and a hal f wavelengths above the ground 

and with the ground surface homogeneous in the i mmediate vicinity of 

the receiving an tenna, both t he azimuthal and vertical angles of a 

t1°ansrni tter emitting electromagnetic waves can be defined with an 

accuracy of one h~lf degree and possibly one Quarter degree as shown 

in Table I. This, however, is based on observations in which the 

transmitter was in one position only. 

(2) Swinging of the transmitter antenna through angles up to 90 

degrees does not affect either the direction of the transmitter as 

defined by the direction finder or the accuracy of the instrument 

in determining the directions (Table III). 

(3) With the transmitter about seven degrees above the horizontal, 

differen:t tilts of the plane of the Adcock antenna from the vertical 

show t he horizontal deviation is a maximum at a tilt of about thirty 

five degrees from vertical and is minimum at about zero degree tilt 

and also at about fifty five degrees, but at the latter tilt the 

accuracy decreased tremendously. This holds true for diffeFent 

dates and at different times of the day (Figs. 14 to 16). At zero 

tilt the variation in the horizontal deviation for each day's setting 

is mostly less than one degree, with the average variation less than 

one half degree (Fig . 13). 

were not ideal. 

These were taken under conditions which 
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(4) Cars too close to the receiving antenna affect the readings 

by as much as three degrees; but at distances of over twenty five 

feet thei. r effect is not appreciable. 

(5) Big trees at distances of thirty wavelengths aways still have 

appreciable effects on the observations as shown in Fig. 17. 

(6) Observations made on the roof of the East Bridge Building 

were very erratic and varied from day to day as can be seen from 

Figi. 18 to 21; but the horizontal deviations were all in the same 

direction. At zero vertical tilt of the Adcock antenna, an average 

horizontal deviation of about four degrees with a maximum deviation 

of eight and a q_uarter a.egrees was observed. While at ten-degree 

vertical tilt, the average deviation is about five degrees and a 

maximum deviation of nine and a q_uarter degrees (Fig. 22). However, 

observations made at different times of the day (Fig. 23) and at the 

same time of different dates show that the horizontal deviation is a 

maximum at a vertical tilt of about forty degrees and that the 

horizontal deviation is more or less independent of the vertical 

tilt at tilt angles of less than twenty five d4grees (Figs. 24 to 

29). 

The vertical deviations from the true direction vary from 

three degrees on some of the dates (Fig. 32) to five degrees (Fig. 

33), and as much as ten degrees on some other dates (Fig . 34). 

No conclusion can be drawn as to possible relations between the 

vertical deviation and the corresponding horizontal deviations at 

the same time (Figs. 32 to 34), because of the complicated re

fl ections made at the surrounding buildings. 
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(7) Variation in the height of receiving antenna from one wave

length to one and half v,avelengths above ground increases the hori

zontal deviation to about one degree at vertical tilts from -5 to 

35 degrees. When antenna rai sed to two wavelengths above ground, 

the horizontal deviation decreases and coincides with that obtained 

at a height one wavelength above ground at zero degree tilt. 

(8) The antenna must be made mechanically perfect. Unsymmetry 

of the Adcock antenna elements or rods affects the readings in the 

horizontal direction to as much as three degrees (Fig. 31). 

(10) From reasons given in (3}--- zero tilt was chosen for defining 

horizontal directions. 

Since the lower half of the Adcock antenna is closer to 

ground than the upper half, there is an assymmetry in the antenna 

system. Barfield showed that the error due to this assymmetry of 

the Adcock antenna causes a deviation from the true direction which 

decreases linearly as l/d where lis the length of each antenna 

element (in this case 1/4 wavelength) and dis the height of antenna 

above ground measuxed from the lower tip of the lower antenna elements. 

According to him a deviation of nine degrees was ogserved when £/d = 8, 

and the deviation decreases to two degr ees when R-/d = 1. 'l'hus it 

may be expected that wh en the antenna i s h i gl":. enou[;h , say a few 

wavelengths above ground, t he error due to this assymmetry and 

possibly tha t caused by the tilting of electric vector t r·avelling 

on inhomogenious ground might be eliminated . 
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Comparing the directional characteristic curves of the hori

zontal H and Adcock antennae calculated from the simple theory (Fig. 

llA,B ) against the experimental curves (Fig. 12B,C), we sdd that 

the theoretical curve for the H antenna has a similar form and the 

same number of minima .as the experimental one. It is probably due 

to reflected waves from the ground that causes the unsymmetry of 

the experiment4l curve {J!'ig. 12B). Also we notice that the theo-

retical curve for the Adcock antenna, though agreeing in general 

shape with the experimental curve, is not as sharp as the latter. 

Th.is is probably due to the effect of the interactions between the 

antenna elements which is neglected in the simple theory. 

As mentioned before, since the frequency used is so high that 

there is no reflection from the Reavyside layer, the erroneous direc

tions experienced with longer wavelengths are eliminated. 
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