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

Using an Adcock antenna the azimuth of the incoming electro-
magnetic wave can be delined 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 formmer antenna can be converted
into the latter by mechanical means within a few seconds and thus both
vertical and horizontal angles can be measured with the same antenna
set-up.

With the antenna one and a half wavelengths 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, within 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 horizontal H and the Adcock
antennas were also given.

The receiver used for this experiment is a superheterodyne re-
ceiver specially designed for this purpose using a resistance-coupled

I-F ampligier. It is very stable in operation and has ample sensitivity.
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INTR0DUCTION

In the past few years different methods have been worked out
for direction finding at various short wavelengths using different
kinds of antenna systems. Yhen speaking of direction finding, the
defining of horizontal or azimuthal angles of the direction of the
incoming electromagnetic waves emitted from a distant tramsmitter
is generally referred to.

lost of the work done on direction finding has been on wave-
lengths of over ten meters. Due to reflections from Heavyside
layers in the high atmospheres alone seriously erronous results
often arise.

The modern radio direction finder undoubtedly owes its suc—
cess very largely to the introduction of vacuum-tube amplifiers,
ensgbling a moderately large reception range to be obtained, and
* 1ts 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 working and the comparatively
crude instruments then in use made accurate systematic observations
difficult to obtain., As early as 1908, however,Pickard observed
that 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 representation of his results, the errors
are shown to be appzoaching 90 degrees. It was found also by

Fessenden in the years 1901-07, that errors in apparent direction



of as much as 20 degrees to 45 degrees might be obtained in the
indication of these instruments when receiving over a range 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 waves.

A method of obtaining an absolute zero of signal strength on
a small frame-ccil direction finder was described by 4. H. Taylor,
in which the "antenna effect" of the coll is compensated for by a
smzll 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. thile it appeared that the
variations observed on continuous waves of wavelength 13,5600 meters
were greater than on shorter waves, they were quite serious on
damped waves 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 1ligbility of the metalwork of a ship vo produce a quad-
rantal error. in therreadings of a direction finder mounted thereon

was mentioned by Blondel in 1919, while the corresponding effects



on an aeroplane were later described by Robinson. The complete

theory of 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 resulits, showed that the quadrantal error
obtained may be as great as 12 degrees. This error was shown to
be independent of wavelength and to decrease with the height of the
frame coil above the deck. Attention was also drawn in the above
paper to the approximstely analogous case of a direction finder
erectbed upon a hill or an island, and the resulving guadrantal 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 wavelengths between 800 and 1,100 meters
showed that wireless waves in crossing a coastal boundary between
sea and land might suffer a déviation of as much as 4 degrees. This
deviation falls to gero for normal incidenee 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 plase difference which
resulted in a rotating field.

Somevhat similar refraction effects on wireless or radio waves

passing from dry to wet ground and across a river were mentioned by



Kiebitz in connection with experiments on a directional transmitter.
The deviations of the waves amounted to 8 degrees or 9 degrees for
a wavelength of 550 meters.,

Some results showing the errors to which a radio direction
finder may be subject due to local conditions were given by Holling-
worth and Hoyle. Masses of metalwork, tuned circuits, and overhead
wires were found to produce appreciable errors in the readings.

In 1920, Round gave an account, chie¥ly 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 useful tool for both military and naval purposes was
described together with the various types of errors encountered,
both by day and by night, Reference was made to the wo:k of Adcock,
Eckersley, and Wright in connection with these errors, and a brief
indication was givén of the means by which they might be eliminated
for practical direction finding purposes.

A large amount of experimental work on the intensity and
directional properties of the electro-magnetic field radiated from
an aeroplane transmitter was described by Baldus, Buechwald, and
Hase in 1920, while a mathematical treatment of this case was given
by Burstyn. The errors in the apparent bearings of an aeroplane
at a ground direction finding station were discussed in detail in
their relation to the plane of polarization of the emitted waves.

The experiments of Baldus and Buchwald, in particular, showed that



a closed-coil direction finder on the ground could give errors of
as nuch as 60 degrees in the bearings of zireraft. This fact is
interesting in connection with the patent filed by Adcock in 1919,
in which was described a means of eliminating the error of obser-
vation of the orientation of aeroplanes.

Some further observations on the variable night errors
were published in 1920 by Kinsley and Soby. Vériations in the
apparent bearings ranging up to 50 degrees were recorded on wave-
lengths between 960 and lV,SOO'meters, and for ranges of trans-
mission from 40 up to 7500 miles.

Towards the end of 1920, R. L. Smith-Rose made regular
observations of the apparent radio bearings of various transmit-
ting stations in order ‘o obtain data on the nature, magnitude,
and other characteristics of the variations of bearings Which
were previously known to take place. The range of wavelengths
covered in these observations was from 300 to 20,000 meters.
Experiments were carried out to ascertain the erfect‘of lqcal
conditions such as metal work, overhead wires, trees, ctc, on
the readings of direction finders. These experiments showed that
some quite large errors, ranging up to X2 degrees, can be produced
by the proximity of such obstacles wanu cmphasize the importance of
exercising care in selecting a sultable site for a direction find-
ing installati 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



conditions less than 2 degrees. However, such a type of error
remains constant in value for any. perticular direction, so that
it could be treated as if it was a permanent 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 findi ng installation was
inadvertently erected.

In 1938, Smith-Rose and H. G. Hopkins obtained an accuracy
of £2° for wavelengths between 6 and 10 meters using loop and
Adcock antennas. - The sensitivipy of their instruments was such
that it was sufficient for observations on an experimental 50-
watt transmitter at ranges up to twenty two miles over flat
ground. Tﬁeir experiments have shown that the site on which the
direction finder was used must be clear of obstacles, particularly
trees and vertical wires, for a radius of at least 30 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 foﬁnd that for a given set of conditions the changes in
bearings observed from @qy to day do not exceed about 2 degrees
for 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'



observations.

Later, H. G, Hopkins using a loop antenna at the same wave
range of from 6 to 10 meters reported an accuracy of 0.1 degree
in défining the horizontal angle of a local transmitter at a
distancé of twenty five yards using modulated signals. However,
he didnot mention anything about éccuracies at long distances, only
in which erronous results often arise. The loop he used to getd
resonance at 6-meter wa#es was a square one seven inches on each
side. = The recéiver Wés superheterédyne type with a band width
for the 2-megacyecle intermediate frequency of 10 kilocycles for
half amplitude, and has a poor selectivity. The loop was supported
at a height of about six feet abo#e ground. During observations
the observer has to change positipn to keep on a line perpendicular
to the plane of the ldop in order that he might not affect the
bearings. Even_so, slight head uovements affected the.bearings
by & 0.2 degree.

So far,'no effort has ever been made to accurately define
the vertical angle of the direétion of an incoming wave from a
distfigt transmitter high above ground.

The object of the present.expemiment was to develop suitable
antenna systems at 1.65 meters to define both the azimuthal and
vertical angles of the waves emitted by a small radio-meteorograph
transmitter sent aloft on a sounding balloon.

One of the mein 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 satis-



faetory 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 fram nearby objects, high absorption,
ete.

Since the transmitter has a power output of only a small
fraction of a watt,a very sensitive receiver 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 and horizontal directivity at 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 becamse of its small size at this
wavelength that the sensitivity of the direction finder would be
very low.

A constantly revolving parabolic antenna system for deter-
mining the azimuthal angle was tested. Different numbers of
reflecting elements and various spacings were tried. A recording
device operated by the signal output from a super-regenerative
recéiver was attached to the rotating antenna. For 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



the azimuth of the incoming wave. This 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 aceuracy .

Using anbAdcock antenne the azimuth 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

o«

from the Adecock to the horizontal H type requires but a few seconds
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 1.67 meters and
a power output of a small fraction of a watt. A 955 acorn tube
is used in a Colpitt's oseillator circuit which is shown in Fig.lb.
The circuit is simple and readily tuned. The weight of this
transmitter is less than two ounces. TFig. la shows the actual

layout of the transmitter,

Fig. la
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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 antenna are equal. These are transmitted
to the two ends of a coil coupledrto 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
Prom which it will be seen that it consists of two pairs of aserial
elements spaced at a distance of one-half wavelength apart. The
aerial elements are made of duraluminum rod, 1/4 ineh 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. A4
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
t0 the antenna coil of the receiver. The antenna is supported
by a large wooden fripod 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. The reason that the antenna is displaced one wavelength
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Fige 2



awey from the vertical axis is to avoid any unsymmetry in the
antenna system.

The antenna was carefully constructed to secure perfect
mechanical symmetry. This is very important in order to obtain
satisfactory results.

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 transmission tube
and the horizontal angle is read on a scale on top of the recelver
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 snd connected in parallel. The whole antenna
system is turned about the vertical akxis 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 transmission
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 cen

be easily folded together to be transported.



Fig. 3a is the pieture 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 receiver was especially designed and built to operzte at
1.67 meters for the reception of week signals emitted from = small radio-
neteorograph transmitter sent sloft by sounding balloons. Since it was
to be used primarily for direction finding at this wave length, stab-
ility in aeperation and sensitivity were essential characteristics.

The super-regenerative type receiver is very sensitive and
satisfactory for most ultra high frequeﬁcy purposes, but it is not
suitable for direction finding due to its automatic volume control
action. L superheterodyne receiver using a conventioncl tuned inter-
mediate fregquency amplifier is also unsatisfactory due to the narrow
band width of the intermediate frequency emplifier. The inconstency
of the intermediate frequency due to sllght frequency veriations in
the ultra high frequency heterodyne oscilletor or the signel causes
the output to fluctuate considerably. Thus it ie essentizl to have an
intermediate frequency amplifier with a flet overall gein over a wide
band of frequencies. TWhile this charecteristic could be obtained in
a bend-pass amplifier, the same can be achieved with a resistance-
coupled amplifier, the latter, however, is much simpler in deésign and
construction. In addition, it is more compect and is free from
miselignment cue to the rough handling incidentel to field observations.

The receiver consists of two units, & converter unit and a high
gain resistence coupled intermediate frequency amplifier together with
diode detectors and a vacuum tube voEtmeter. The resistance coupled

intermediste frequency amplifier has a very flat frequency response
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over a freguency range of 110 kilocycles thus allowing for any slight
variations etc, without affecting the output of the receiver.

The Converter Unit

The converter unit consists of a 956 radio frequency amplifier,
a2 954 mixer =nd a 985 oscillator. The radio frequency amplifier
gives an amplification of approximeately two and a half for the stage.
The tuning concensers, Cz, are Netional UM-50 cut down to two rotor
plates and one staﬁor plate., One of the stator supports was removed
and all excess shaft was cut off to reduce the minlmum capacity.

The rotor brushes were carefully clesned and the spring tension increased
to give smocther contact. Relatively large trimmer condensers, Cp,
ere used to give a band spread effect to the tuning. £11 coils are
one and half turns‘of #20 phospher bronze wire 1/4 inch in diemeter.
The length of each coil is about 1/4 inch; however, in order to match
their inductences slight variations in the lengths are necessary.

A grounded Fareday screen electrostatically shields the inductively
coupled antenna coil from the radio freguency coil (Fig. 4). The
plate of the radio freguency tube is capacitively coupled to the grid
coil of the mixer stage et the point one-half turn down from the grid
end. -

The suppressor grid of the mixer tube is connected directly to
the grid of a conventional triode oscillator. The tsp onthe oscil-
letor.coil is about one-half turn up from ground.

The different stages are assembled in shielded compzrtments as
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supplemented by large condensers connected in parallel for meximum
bypassing efficiency. Chokes in the high voltage circuits are

designed to be resonant at this particular frequency. Small chokes

: . o O
CONVERTER T e st
Gy National UM-50 cuf down
10 3 plotes-see toxt
fo amp. G, trimmers - Notional M-30

ik [ b Iy REC.
o aree 1,4 turns 4" dia. #20 hook-up wire.

o
H
o8

&

Fig. Sa

and the by-pass condensers at the heater terminals of the tube
éockets confine any strey radio frequencies to the respective tube
circuits.

In order to reduce the noise level due to microphonic end tube
noises down to a desired minimum, the coupling condenser, Co, to the
intermediate frequency amplifier must be very small. Co, consists of
two wires 5/8 inch long and 1/2 inch spart (#16 wire) which is suffi-
cient to give the desired coupling. The whole converter unit is shown
in Fig. 5b and 5c , while Fig. 5d shows the bottom view of the chassis

of the converter.
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Bottom view of chassis of converter

Intermediate Fregquency Amplifier

The intermediate frequency amplifier conegists of four resistance

mplifier

<
b=

e

coupled stages. An 1851 and two 1852 high u telev

tubesdrive a 6J7 in triode comnection (Fig. 6). This emplifier is
capable of delivering seven intermediate frequency volis to the diode
before overloading.

The overall amplification of this amplifier wnit is aporoxi-
mately 110,000 at 220 kilocycles. The response curve of the unit is
flat from 150 to 260 kilocycles as shown in Fig, 7 , which is plotted
with the volume control so set that the amplifier is at the threshold

L
of noise,
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Schematic eircuit diesgrem of the I-F
amplifier and the detector unit.

Fig. 6




000 00 L 00S Q0v q0¢ 002 00l

.omm\mmHUMOOHﬁM .
M i e i i
bl A
N /
= . ol
| // |
| | ploysaiy} a¢lou (D id1}ijduD
_ .
# e Sl
| |
\a)
;
e
+ 02
| o | \
‘/Qlulbv = TS S \ 62
, %HhH.H% *I|°I J0 SOILSIUA)OVEVHO XONINOIUL
i og

Lol Lol ittt auuanadctiagan ot Layanba g g



Detector and Vacuum Tube Voltmeter

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

tube voltmeter. Oné of the double diodes of the 6R7 is coupled
directly to a phone plug, while the other is coupled tc the grid of
the triode section which serves as a D, C. amplifier in the vecuum
tube voltmeter circuit.

The intermediate frequency amplifier and the detectér and vacuum
tube voltmeter are built as one unit. The chasses and shields of
both unite are built with heavy copper sheet carefully formed and
goldered to eliminate high'resistance joints between shields and
chassis. Shields enclose those metal tubes which have grid caps on

top. Beneath the chassis of this unit shielded compartments are

D

Bottom view of the chassis of I. F. amplifier.

Fig. 8a
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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 coupled to the converter unit

by a shielded single-prong plug. External connections are made through

a six-prong plug end jack. Fig. 8b shows the top view of this unit.
The whole assembly of the superheterodyne receiver is shown in

Fig. 2. The receiver has a high sensitivity. Using a single 955

Top view of I. F. emplifier unit.

Fig. 8b

tube transmitter with a plete input of one watt over a thirty-mile
optical path, the signal is strong enough to develop an intermediate
frequency voltage of sixteen volts on the plate of 6J7, i.e. to operzte

the receiver to its full capacity.
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Superheterodyne receiver

Fig. 9

The frequeney range of the receiver covergs from 1.64 meter to
about 1.98-meter and spreads the band over the 500 divisions of the
National PWO diel, whereon each division represents a frequency change
of about sixty three kilocycles.

The tuning is sharp and smooth and no more critical than average
broedcast receivers. The calibration and overall performence remain
very constant through the variations in temperature and humidity, and
rough hendling encountered in field measurements over an extended
period of time. The maximum varistion observed due to the combined
changes in the transmitter and receiver is not over one-half division

of the dial which represents 0.017% of the frequency used.
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FiglO shows the signal response with the output in intermedicte
frequency volts plotted as a function of signal input, for different
settings of the gain control. The input was measured by observing the
antenna current of the transmitter used as the signal source, the
transmitter and receiver remaining at fixed positions during the
observations. Curve A shows the linear characteristics of the con-
verter and amplifier at = low gain setting. At higher gain settings,
curves B end E show the increasing effects of overloading in the latter
stages of the intermediate frequency amplifier at higher output levels.
In curve E the gain was set for the threshold of noise. Curve D is
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 voltege. Since
the receiver is primarily for cdirection finding by a null point method,

it is highly desirable to have a steep response curve as shown in D.



THEORY (F ANTENNA

(a) Horizontal H antenna.

Consider the H antenna as placed in an electromagnetic field,E,
of a half wave radiator. The electric field strength in volts per meter
at a distance r and at an anglely'from the center of the radigtor is

given by the expression
' Z cosV)
= CoS . g

s O_E:;Q‘EQL_ e (4+- l.a
E=b603 Cqtp——sino(t-7) (1.a)
where iy is the current in amperes at the center of the radiating antenna.
This is the magnitude of the electric vector in the plane of the radiating

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

r. Writing in exponential form we have
E= éo_f_e_ Ccos(FcosV) ejw(‘f‘%) (imag.
T Sin part) {1.v)
Let the E antenna be in the plane containing r and E and be tilted
at an angle O from E, as shown in Fig.A. Since the middle partsAB, and
CD of the antenna are wéll shielded, any pick up due to these parts can be
ignored.

The emf. generated in a length dx of

the wire Aa at a point x from A is Eyxdx cosQ,

‘% UQ d&_ where E, is the field strength at the point
Xe Since Aa 1s one quarter wavelength
¢ Tige A long, it is necessary to take into account
the variation in the phase of E in calculating Ey. It is seen that the

.2 ;
phase factor a distance x from 4 is given by eJAx sing, There is an
additional phase lag before this impulse reaches A alone the wire given

- 4
by e~JAX, Since the reflections from the upper end of the wires depends

upon the impedance of the antenna circuit which is a constant in this case,
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their effects can be ignored. The interactions between the elements 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 given

x . -2 L (5inf-1)x
by Ey=[*of coslBeost) jeoltE) o ROV, (20

where ro is the distance from the center of radiating antenna to A.

Since 7\/4« Ty, therefore we can write

60 - 4.o cos(ZcosW) ., 603__""5?("%%5_42 =K (2.b)

smy ;
’ _% % -—-S 0-1
Thus Er= Ke,w(é 2) COSQ_[ 5= (Sin )Xd
Z(sn6-1
Similarly the potenclal at B is glven by
bk S[wE-2) --._-- A cosh 72 (5in8- /{/
Eg="] m/(e] ] 9[/ = (3.2)
since Bx at B differs from it at A by a phase factor e‘J’%Mcose or
J\
e=3x2°950  ang Bb is parallel to Aa.

The potential at C due to the induced emf. in Cec can be obtained
just by finding the potential at a for the element Aa in the above case
only with an additional phase factor in the expression of Eyx of amount

1. by |
933;7'-2;81119 or eg—,:sme_ The phase factor at a distance (7‘/4 -x) from
a is biven by e~d 7\(71: -x)sin , and the additionsl phase lag before the

impulse reaches a along the wire given by eJK(4 ~x) . Thus the poten-

_e) J 5:719 ef% 1"[(%-.@(/—5":6)}

. ” 5i /~5126) Z(sm9-1)
—-jzag Kt B0 g J2 A(-sHY)) g J]
i Z(sin 6—7)]

; % i/
i ke cosh HE[1-¢
Similerly the potential at d

N . 7ra>.sej . J'%(‘S"”o"l)]
b= mrgr Kol T s g1 (5.)

Now since the antenna systen is symmetrical with respect to T and

tial at C is given by

E=Kelult-=

(4.a)

G, the resultant potential difference across EF can be represented by
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gF&:-gA“‘ &B—(Ec". gn)
. ol 42 i reed i Zsine-1)
=~ F{%—:M,Kejw(t o)C056[/+ ejrrco@ﬁ][/_er(fﬂé ]

| itw(t-2)+F -j F(smb-1)
"Jrﬁ%mke’@’“ ] o501+ e [1- &2 ]

. % . . 5 1P
=.jm_}<e;w&—é’- COSO[/- 61277[”6;;71‘037[/_61,1@!(5'"9"7 .
The position of antenna atf} = zglves a null signal in the receiver
since gFé'r:O at this position.,
The converted values of gFG corresponding to the readings in the

output meter is plotted against 6 as shown in Fig. 11A.

(b) Adcock Antenna
In this case the electric vector, E, of the incoming electro-
magnetic wave is parallel to the antenna elements Aa etc. Let the

plane of the Adcock antenna make an angéaefﬁwith the wave front as shown

in Fig. B.
Top view Side view
Qq d.__
b
E ¥ L
’ ¢ E A%i
N2 c G B_T
At Aa

e ¥, a
c % bi

Fig. B

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

(4.a)and (5.a) by putting € =0, hence

6a="] ““Ke’w“"") [/ e_m] (7.a)
&p =’J ,___KeJ[w(t—f "‘X‘ 2 .Sm‘k][l e ] (7.b)
I 2= Ke,w(f——) i3 [/_ 'J:z] (7.¢)

SB=_J‘.LKlew(f"—-)-%%r-z‘-Sm¢J /2[/.- 'J,z] (7.4)
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where 4> is the angle which the plane of the Adcock antenna made with the
2 A 4,
wave front, and e~JA'2510% j5 the phase lag of E at B from A.
By similar arguments as in (a), the rcsultent potential di fference

across FG can be written as

Erg = 5A+ 65— (8t &p)
=’]2, K jw(t— ——) [I+ J(ﬂ'SM¢+2,)‘7[,,_e ]
t-5 wSind I ) _ o
+J:z7r)<e’ ¢ )[an-f' Lk ][’ z]
o b w(t-=2 -J(7r5'm4>+l d"'r -'WSI:n‘é][ —jﬂ
’fJ,’z'v?KeJ ( °)[/+e‘ 2)_ g2, L/-e*
¢ A v (o 22 ~JrSind

=»J,27)<e‘1w(‘f c,)./z/(/..e ) (8.a)
We see that 8’76= 0 at <P = 0, which is a null point, and 8;-4 is a maximm
at 4> =%. The converted values of &+ 6 corresponding to the readings in
the output meter of the receiver is plotted against ¢ as shown in Fige.

11B.
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RESULTS

The directional response curve of the Adcock antenna for
horiaontal angles is shown in Fig. l2cwhere 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 thg direction-
al response of the antenna is very sharp at null signél. Fige.
12A shows the directional response‘of the Adcock antenna lying
horizontally for vertical angle measurement. Fig. 12B shows the
directional response of the horizontal H entenna used for vertical
angle determination. The latter has a very much sharper response
curve, as can be seen by contbarson of the two curves. The
characteristic curves were made with the transmitter at a distance
of sevenmiles 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
ground 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



Asimuth of incoming wave as
determined by direction
finder at repeated times in

degrees.

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

in degrees

0
1/
+1/4
+1/4
+1/4

TABLE I

Average
in degrees

+l/7
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Azimith of transmitter
as determined visually
in degrees

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

0

0
-1/8
-

+81/4
+8

+gl/a
+8l/2
+81/4
+81/4

-1/8

Average in
degrees

+8l/4

Vertical angle of trans-
mitter as determined
visually in degrees

+73/4

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

+7l/4
+71/2
+7l/4
+8
+8
+8
+8

+75/7

+75/4



from nearby hills or buildings that might interfere with the direct
wave, a rotable parabolic reflector was set up at the transmitting
antenna on top 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 the incoming wave from
the true direction of the transmitter were observed at different
tilts which the plane of the Adcock antenna made with 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 Tigs. 13-16. In Fig, 13 it is
seen that at zero tilt the variation in the horizontal deviation
for eaéh run is mostly less than one degree, although in one case
it reached one and half degree.

The site on which these observations were made was covered

with vegetation and a big tree located at about thirty wavelengths

395
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TABLE II

Position of transmitting Azimuth of incom- Vertical angle of
antenna ing wave incoming wave
(reflector position) (in degrees) (in degrees)

)

-(1/8) 5

4 (_\ -(1/8) 4 3
o 4
2
g
8 N 3
E (. | (1/8) 4 :
o
4
& -(1/8) 48

4

2
[
o,
(6]
(9)]
Ll

1
|_l
=
00}
N
|-



TABLE III *
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Pogition of transmitting
antenna

(1) Straight vertical,

(2) Antenna tilted 45°

from vertical pointing in
the direction of receiv-
ing antennsa,

(3) Antenna pointing 45°
from direction of receiv-
ing antenna, (antielockwise)

(4) Same as (3) but 90°.
(5) Seme as (3) but 180 .
(6) Same as (3) but 270°.
(7) Same as (3) but 315°,

True bearing.

* This series of readings was taken following a rain while the

Azimuth of incom-
ing wave
{in degrees)

S
8

AN

(03] BN

@[+

ground was still in a wet condition,

i
)

o]~

(0s] EN]

R

L&

(es] B

Vertical angle of
incoming wave
(in degrees)
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north-west of the direction finder. Evidently the tree some ef-
fect to the horizontal direction of the incoming wave as can be
seen from Fig. 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 deviations were observed, and

the deviations thus obtained were of opposite sign as in the four
other cases.

In Figs. 14-16 it is seen that the horizontal deviation
is at a maximum at about thirty-five-degree tilt.

Fige 18-29 show similar observations of horizontal 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 deviations observed were much larger than those observed
in the field.

Similar observations made with antenna at different heights
above ground are shown in Fig., 30. It seems that the helght of
antenna at a distance not higher than two wavelengths from ground
does not affect the shape of the deviation curve. Due to prac-
tical difficulties antenna higher than two wawvelengths from ground
has not yet been tried.

Observations with antenna elements tilted five degrees
from vertical to form a double-V both in forward and backward
direction were also made as shown in Fig. 31l.

Both vertical and horizontal deviations from true direc-



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

on the roof of Fast Bridge Laboratory (Figs. 32-34).

39
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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 the 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 difficulty that has been encountered seems to lie
in the surface ceonditions of the ground in the vicinity of the
receiving antenna. When the ground is wet, and expecially when the
moisture is not uniformly distributed, deviation of the incoming
wave from the true direction of the transmitter results. This is
probably due chiefly to the difference in the velocity of propagation
of the electromagnetic waves in the conducting earth's surface
layer from that in the air immediétely above the earth's surface
thus resulting a tilt in the electric vecfor of the wave.

It was found that an automobile placed unsymmetrically on
one side of the receiving antenna at a distance of over 25 feet
does not effect the observations noticeably. But when it is placed
closer to the antenna it greatly affects the readings to as much as
three deégrees.

Since the antenna height of one and half wavelenzth above
ground is much greater than in the experimenfs of Smigh-Rose and

Hopkins, the position of the observer is not as critical as in
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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
obtained:

(1) With the antenna one and a half wavelengths above the ground
and with the ground surface homogeneous in the immediate vieinity of
the receiving antenna, both the azimuthal end vertical angles of a
transmitter endtting clectromegnetic waves can be defined with an
accuracy of on€ half degree and possibly one quarter degrec as shown
in Table I. This, however, 1s 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,
different tilts of the plane of the Adcock antenna from the vertical
show the 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 different
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). These were taken under conditions which

were not ideal.



66

(4) Cars too close to the receiving smtenna affect the readings
by as much as three degrees; but at distances of over twenty five
feet thelr effect is not appreciéble.

(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
Figs. 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 quarter degrees was observed. While at ten-degree
vertical tilt, the average deviation is about five degrees and a
maximum deviation of nine and a quarter 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 dégrees (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-

flections 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 wavelengths above ground increases the hori-
zontal deviation to about one degree at vertical tilts from -5 to
35 degrees. \hen antenna raised 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, tﬁere 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 £ is the length of each antenna
element (in this case 1/4 wavelength) and 4 is the height of antenna
above ground measured from the lower tip of the lower antenna elements.,
According to him a deviation of nine degrees was opserved when ﬁ/d = 8,

and the deviation decreases to two degrees vhen £/d = 1. Thus it
may be expected that when the antenna is high enough, say a few
wavelengths above ground, the error due to this assymmetry and
possibly that caused by the tilting of electric vector travelling

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.
114,B) against the experimental curvé; (Fig. 12B,C), we sdd that
the theoretical curve for the E 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 experimental curve (g, 18B). 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.
This 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 freguency uséd is so high that

there is no reflection from the Eeavyside layer, the erroneous direc-

tions experienced with longer wavelengths are eliminated.
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