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ABSTRACT

This report summarizes work done on the problems of homing z2nd
radio direction-finding for Navy type AF and P4M aircraft in the fre-
quency range 40-100 mc  The work of Part I (homlng systems) 1s essen-
tially completed Some interim answers are given for the problems of
Part II (aircraft RDF systems) but work on these problems 1s continuing

Part | - Homing Systems

Quite successful homing system antennas have been developed for
Navy type AF and P4M aircraft The antennas used are electrically-smail
units which may be faired-in or flush-mounted They may be tuned over
the 40-100 mc band by a remotely-driven tuning condenser operated by the
receiver tuning dial Alternatively they may be operated fixed-tuned
to cover approximately a 20 mc band anywhere within the 40-10C mc range
With some sacrifice of sensiciv iy they may be operated fixed-tuned to
cover the ertire 40-100 mc band By utilizing the "edge-effect', re-
markably high sensitivities are obtained despite the small size of the
antenna elements The sensitivity 1s high enough to permit homing on
the si1de-lobes of radar antennas located at distances well beyond the
line of si1ght Antenna locations have been found on the leading edge of
the wing or forward part of the fuselage which yield very satisfactory
patterns over the entire range of frequencies With a small amount of
additional pattern measurement work these results can be extended to
other types of aircraft

Part 1i - RDF Systems

Two different aircraft RDF systems have been investigated ex-
perimentally, using model techniques Both of these systems utilize
a set of four of the same antenna units used for homing Because of the
fundamental difficulty of maintaining patterns suitable for RDF over the
frequency band 40-100 mc there are regions of bearing indeterminacy
To date the systems and anternna locations investigated indicate the
possibility of obtaining complete azimuthal RDF coverage except for a
50° sector off the tail There will be regions of azimuth where the
bearing mey be gquite 1naccurate, bui correct sector identification will
a.ways be given The bearings will be relatively accurate in three
critical regions, viz . in a 40° sector about the nose, and a 40° sector
off each wing tip

The accuracy increases as the direction of arrival of the signal
approaches the line of aircraft headlng or the perpendicular tn this
line. Work on the RDF problem is continuing

2o
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INTRODUCTION

The difficulties of homing end radio direction-finding from air -
craft 1n the VHF band are many and severe. In addition to all the
problems associated with ground-based RDF. airborne systems suffer
serious limitations because of their Jocation on an aircraft. Aero-
dynamic considerations require that the antennas be flush-mounted or
faired-in and of reasonably small ohysical dimensions. In the f{re-
quency range of interest these factors necessitate electrically-small
antennas. which ordinarily means low sensitivity. Even more serious 1is
the effect of the aircraft structure on the radiation patrerns. Jn the
frequency range 40-100 mc. « wavelength is of the same order of magni-
tude as the dimensions of various portions of the aircraft structure. so
that the radiation patterns are determined primarily by the shape of the
aircraft. Despite these complications i1t has proven possible to develop
for this frequency range a completely satisfactory homing system and a
partially satisfactory RDF system.*

*Much of the work reported in this technical report has been described in the status reports
ADF-1 through ADF-5 >saued under this coatrect. Because these status reports hed only s very
limited circnlation, all of the importent reaul:s have been sumsarized in this technic-
report. However references are made occesionally to the status reports for more detsiled
information.
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PART 1
HOMING SYSTEMS (40 100 mc)

The antenna requirements for an aircraft homing system 1in the
frequency range 40-10C mc may be summarized as follows

a) The antenna should produce a suitable radiation pattern over
the frequency range of interest Ideally t:1s pattern would be a
cardioid but a pattern which covers slightly more than a quadrant 1s
satisfactory as lcng as the pattern has the right amount of "leca:wn" away
from the nose of the aircraft

b) The sensitivity should be as high as possibie In any event
the sensitivity should be high enough for the aircraft to detect a radar
before the radar can see the aircraft

c) The antenna should be capable of being faired-in or flush:
mounted for use on high-speed aircraft Because a wavelength 1s of the
order of 5 meters in this frequency range reasonable physical dimen-
sions require an electrically-small antenna element

d) The polarization shiuld be horizontal Assuming level flight,
the longer dimensions of the aircraft are horizontal At these frequen-
cies where the vertical dimensions are small i1n wave.engths the only
currents of appreciable magnitude that are excited are horizontal This
means that reflecticn from the aircraft :.t these frejuencies 1s much
less for vertical polari:~tion than for horizontal polarization so thac
the radar must use horizontal polarization i1n order to see the aircrafr

|. Partial-Sleeve Antenna

An antenna which can be made to satis{y all oi the above reguire-
ments 1s the partial -sleeve antenna® which 1s described briefly below
This antenna was originally designed as an electrically-small tunable
transmitting antenna of reasonably high efficiency The description
below 1s based upon the assumption that the antenna will be remotely
tuned to cover the band However 1t 1s quite feasible to operate 1t
fixed -tuned over about a 20 mc spct frequency band arywhere within the
40100 mc range Also witn a su:crifice of sensitivity 1t can be oper-
ated untuned over the whole frequency range

A sketch of the partial sleeve antenna 1s shown 1n Fig 1 In
practice the antenna cowld be suppressed resulting in a completely
flush design However because of its shape which conforms to the
aircraft surface and small size (approximately 20" x 20" x 2") it can
also be mounted externally on the leading edge of the wing A brief
description of its operation follows

For any antennc th:t is small in terms of wavelength 1t 1s neces-
sary to match from a standard cable impedance of 50 ohms to a very low
antenna resistance or conductance. One method of accomplishing the
impedance transformation is shown 1n the figure The feed point, 1in-

*The pertial-aleeva antenna was dcveloped in the Antenns Laborstory st cthe Umiveraity of Illi-
nois under Air Force Contract W33-U38-8c-20778 A complete analysis of 1ts operstion can be
found 1n progress reports I.R. 1, 2 3 and 4 1ssued under thst contract. Formal permission to
use this antenns on the preaent problem hss beer given.
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stead of being at the open end of the antenna, 1s tapped down the
shorted line to present the proper impedance. The capacitor across the
open end tunes out the inductive susceptance.

The equivalent circuit of the antenna 1is indicated in Fig. la.
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FIGURE 1a >~ Tuning Susceptance

As far as its radiation characteristics are concerned the antenna
may be thought of as a U-shaped slot folded around the wing. The
electric field distribution along the transverse slot will be essen-
tially uniform, while the distribution aiong the axial siots will be
s:inusoidal, starting from zero at the shorted end.

The antenna dimensions shown in Fig. lb are small in terms of
wavelengths, with S = _A W = A, L = A at midband frequency.

100 10 10

A modification in the physical design so that the antenna takes the
form of a folded radiator should be effective in reducing any undesired
cross-polarization pickup. The vertical and horizontal patterns of the

antenna are not the same, so that if the antenna were equally sensitive
to both polarizations an error in bearing would result.

Fe
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FIGURE 1},

Figure lc indicates the form of the folded, wing-edge radiator

FIGURE 1¢

2. Antenna Impedance Data

An appreximate-analysis of the impedance characteristics of this
antenna is carried cut in Appendix V. When the tap point 1s properly
positioned, 1t is expected that the input impedance will vary from about
20 ohms at 100 mc up to 120 ohms at 40 mc  Figure 2 is a plot of the
untuned antenna impedance as measured on a 1/10th scale AF type aircraft
The measurements i1ndicate the order of magnitude of antenna 1inp:t
1mpedance wirich can be expected and present data useful for designing a
prototype impedance matching network. The A.I.L. tuning head offers a
50 ohm input impedance and a servo output capable of driving a tuning
condenser. The antenna impedance i1s inductive over the band. so tha*
tuning the condenser to anti-resonance of the circuit and tapping down
the strip transmission line (Fig. 1) to an appropriate point yields a
useful matching network,




The tapped down impedances at 40 mc 63 3 mc. and 100 mc have been
calculated and are listed below. The tap point was chosen to minimize
the S W.R.

Frequency Anti-resonan:e Impedance Tap Point Resistance
40 mc 1450¢: 465

63.3 mc 15600 84Q

100 mc 5550 300

Figure-3 indicates the tuning capacity necessary for the anti-resonant
condition versus the frequency.

The possibility of using a folded wing-edge antenna to decrease
vertical polarization sensitivity was mentioned. A plot of this antenna
1mpedance is shown in Fig. 4. Folding the antenna doubles the length
of the strip transmission line which accounts for the impedance passing
through anti-resonance as indicated in the figure.

These impedance studies made of the partial-sleeve antcnna on the
Grumman Guardian model indicatc that 1t should be feasible to arrange a
condenser with suitably shaped plates servo driven from the A.I.L.
tuning head, to tune the antenna over the btand and thus provide a good
match to the 5000 input of the receiver.

3. Sensitivity Data

When' an- antenna is used for reception the important criterion of
performance 1s system sensitivity or signal-to-noise ratio developed at
receiver input, rather than antenna impedance characteristics. If the
system sensitivity 1s more than adequate (over the frequency band of
interest) impedance characteristics mav be quite immaterial.

When tuned, the efficiency and sensitivity of the partial -sleeve
antenna are remarkably high for an antenna that 1is electrically small.
One of the reasons tor this desirable result is that when mounted on 2
carved surface, such as the ieading edge of the wing. the antenna takes
advantage of what can be called "edge effect” [Edge-effect describes
the tendency for current to concentrate along an edge rather than spread
over a flat surface As a consequence the open end of the antenna
interrupts relatively large currents induced by the received field
intensities, and relatively large voltages are developed across the open
end (or-across the tuning conderser, 1f tuned) Theory and experiment
have shown that a threz -to-seven-fold increase of radiation resistance
or radiation conductance auc t¢ this edge effect can be axpected for an
antenna of thc sizc ueed here depending upon the sharpness of cu:vature
of the surface on which it is mounted.

In order to estimate the sensitivity of this antenna in the fre-
quency range of interest, laboratory measurements were made with the
antenna mounted on the rounded corner of a V shaped ground screen (to
simuiate the edge of the wing) The results of these measurements are
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shown 1n Fig 5 tor the antenna tuned to a midband frequency of 70 mc
The curves show voltage developed across a 50 ohm load when immersed in
an electric field equal to the free space field intensity that would be
radiated by a 100 kw radar (with an assumed antenna gain of 7) ai a
distance of 100 miles The three curves show the effect of varying the
position of the feed pnint (me:sured from the shorted end of the an-
tenna). The 50% tap point gives quite satisfactory results if a 5 mc
bandwidth 1s desired (5 mc 1s the bandwidth of the A.I.L -developed
RF tuning unit which has been proposed four use on this problem.)

Assuming a receiver with a 6 db ncise figure, the noise level at
receiver input would be 4 1 microvolts It is seen that the received
signal) would be 90 to 100 db above noise under the assumed cenditions
For a low-flying aircraft at an altitude of only 1200 feet and at a
distance of 100 miles, the received field intensity can be expected to
be about 60 db below the free -space value This still leaves a factor
of 30 to 40 db above receiver noise - sufficient to home on the sidelobes
of the radar antenna. Hence 1t 1s concluded that the antenna when tuned
has considerably more than adequate sensitivity Further tests have
shown that 1t is possible to operate the antenna fixed tuned over about
a 20 mc band with some decrease 1n sensitivity There 1s reason to
believe that the entire 40-100 mc band can be covered with adequate
sensitivity using a single fixed tuned element but as yet this has not
been tried experimentally

4. Wing-Edge Partial-Sleeve Antenna Patterns on Navy Type AF Aircraft

In order to find locations that would yield radiation patterns
suitable for homing purposes, an extensive series of pattern studies
were made using accurate scale models of the aircraft involved The
antenna mounting is sketched in Fig 6  Figures 6a tirough 6m show the
field strength patterns obtained with a partial-sleeve antenna mounted
on the leading edge of the wing, near the fuselage of a Navy AF type
plane The patterns were taken every 100 mc throughout the range 800 mc
to 2000 mc on a 1/20th scale model. For the tull-size aircraft this
corresponds to patterns every 5 mc throughout the range 40-100 mc. The
Lw-l L:_’\‘_
100 1C6° 10

Except for the 800 mc pattern (corresponding to 40 mc full-scale)
these patterns are good homing patterns A noteworthy feature 1s the
relatively low response to vertically polarized signais. This feature
insures freedom from error which could result from a large pick-up of
cross-polarized signal An additional series of patterns® were run to
determine the criticalness of the position of the wing edge antepna with
respect to the fuselage The conclusion drawn was that the open end of
the wing-edge-movnted antenna could be located anywhere between 6 cm and
60 cm from the fuselage of the (full-scale) aircraft without adversely
affecting the patterns. Beyond this point the patterns deteriorated
seriously.

antenna dimensions were S - at midband freguency

*These patterns, ss well as many otbera not included in this report becacse of space consider-
ations, are shown in atatus reports ADF-1 through ADF-S issued on this project
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In order to verify the suitability of these patterns for homing, a
model homing system, described in Appendix I, was built. Results
obtained on the model system indicated excellent homing pattern sensi-
tivity® and definition®® using ithese patterns The model system was
also used to investigate the effects of propeller modulation which were
shown to be negligble

5. Rudder-mounted Antennas for Vertical Polarization Homing

It has been pointed out that a radar vperating in this frequency
range must use horizontal polarization 1n order to obtain a large
reflection from the aircraft However, in case there should be need for
homing on vertically-polarized signals, experiments were undertaken to
locate a suitable antenna position on the vertical rudder which might be
expected to result in appreciable pick-up of vertical polarization The
mounting is sketched in Fig 7. The patterns are shown in Figs. 7a-Tm.
The antenna in this case is of the same type as the fixed, flush, wing-
edge "antenna except that 1t is mounted flush with the side of the rudder
rather than being wrapped around a wing-edge. The radiation conductance
1s not as great 1n this configuration as 1n the wing-edge antenna due to
its not being wrapped around a sharp edge. For vertical homing there 1s
no suitably disposed sharp edg~ available on the aircraft The antenna

dimensions are the same as used in the wing-edge mount, namely S : I%G,
L %B. and L = f% at midband frequency From 800 mc through 1000 mc
(corresponding to 40 mc through 50 mc full-scale) the patterns Indicate
a high definition and low sensitivity in a homing system. From 1100 mc
through 1300 mc the homing system would have a low definition with
moderate sensitivity. From 1400 mc through 2000 mc the homing system
would show both a rather high sensitivity and definition

This group of patterns was the most useful of those obtained for
vertical polarization homing They are much less satrsfactory than
those obtained with the wing-edge antennas  The high Sensitivity to
horizentally polarized signals would be apt to render the rudder-mounted
antennas useless for signals of mixed polarization. However the n1se of
the folded form of partial-sleeve antenna shcwn eariier (Fig. lc)
should be effective in reducing the response to the undesired polariza-
tion. In contrast with these rudder-mounted antennas, the wing-edge
mounied antennas show a very low sensitivity to vertically polarized
signals. An aircraft having both wing-edge mounted antennas and rudder-
mounted antennas could successfully use the wing-edgz w.tennas for most
signals, and could switch over to the rudder-mounted anteunas only when
an extremely low response by the wing-edge antennas indicated that
received signals were vercically polarized. This fact would then be
verified by a large response from the rudder-mounted antennas.

*Homimg.pattern sensitivity is a comparative messnre of the pattern magnitude st th: crossover

point to the maximum pattern aagnitude.
**Homing patterr definition is » messure of the ;.ttern slope st the crossover point. A large
slope at crossover results in s large deflection per degree off-course.

7
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It 1s concluded that 1f 1t 1s necessary to be able to home on
vertically.-polarized signals such homing can be achieved However the
relatively small reflection from the aircraft for vertical polarization
as compared with horizontal polarization seems to insure that only
horizontally polarized signals are likely to be of interest in thas
frequency range

6. Fuselage-Mounted Fartial-Sleeve Antenna on Navy Type PYM Aircraft

An extensive seriles of antenna patterns were run for a partial-
sleeve antenna mounted at various positions along the leading edge of
the wing of a P4M aircraft. With the antenna mounted betweer the
fuselage and engine the patterns obtained were fair!y satisfactory for
homing except for a small range of frequencies near midband where a two-
lobed pattern was obtained. With the antenna mounted on the edge of the
wing but outboard of the engine, the patterns had too much "lean” away
from the forward direction to be entirely satisfactory for homing.
Finally, a mounting position on the fuselage (Fig. 8) was found which
yielded patterns almost ideal for homing  These radiation patterns are
shown in Figs. 8a through 8i for the frequency range 1300 mc to 2900 mc.
For the 1/30 scale model used in this case, the corresponding full -scale
frequencies are 43 3 mc to 96.7 mc. These patterns will produce a
homing system which has high signal sensitivity. and excellent homing
pattern sensitivity and definition over the entire band of frequencies

7. Conclusions on Homing Systems

Satisfactory homing antenna systems to cover the 40 - 100 mc
frequency range have been developced for Navy type AF and P4M aircraft
(Becanse of similarity of aircraft types these results will also apply
to Navy type AD and P2V aircraft)  The antenna patterns are very good
for homing and the antenna sensitivity 1s excellent. The antennas are
electrically-small and may be flush mounted or mounted externally  They
may be tuned over the band by a remotely-operated tunirg condenser
connected with the associated A.I.L receiver Alternatively they may
be operated fixed-tuned with good sensitivity over about a 20 mc band
or with some decrease of sensitivity they may be operated fixed - tuned
over the entire frequency band. T:.sc homing antenres may, of course,
be used with any of the standard homing systems.
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PART 11
AIRCRAFT RDF SYSTEMS (49 133 MC)

A survey of possible types of aircrait radio direction finding
systems suitable for this frequency range was summarized briefly 1in
Status Report ADF 1 It was concluded that the most promising attack on
this difficult problem was to attempt toc devise a sector-type system
which could utilize the same antennas developed for the homing problem
Consequently a determined effort has been and 1s being made along this
line with the results reported below The direction finding antenna
problem is, of course more difficult than the homing antenna problem.
because the pattern requirements are much more severe

I. Partiat-Sleeve Antenna Patterns

The patterns shown i1in Figs 6a through 6m represent the nost
useful of a great number of antenna arrangements tried on the Grumman
Guardian Usefulness of a given pattern in a DF system naturally de-
pends somewhat upon the type of system under consideration During the
pattern studies made on this aircraft all known types of DF systems were
kept in mind with a view of proposing for use whatever system would best
utilize the patterns that could be obtained In the frequency rauge
40-100 mc on aircraft of the size of interest i1n this contract this
method of attack 1s the most feasible because 1t 1s extremely difficult
to obtain an arbitrary desired pattern Thus there must be a certain
amount of mutnal adjustment between the DF system proposed and antenna
arrangement used None of the patterns obtained could be used with any
of the better known DF systems Two systems which can use patterns of
the type obtained on the Grumman are proposed in this report With
these systems 1n mind the antenna locations on the aircraft were ex-
haustively studied The antenua placements and patterns shown herein
are the result The merits and disadvantages of the patterns are
discussed under the two system proposals

2. Phase-Shift Direction-Finding System

The phase shii. scheme of bearing indication as originally proposed
1n Report ADF-3 for use 1n homing 1s adaptable for use in direction:
finding over certain sectors of the azimuth 1in particular, the head-on
and off the wing tip regions Bearings taken off the wing tips to
obtain DF fixes on transmitters would seem to be an important applica-
tion of DF on naval aircraft in the 40-100 mc range The patterns
obtained using the partial-sleeve antenna located on the leading edge
of the wing next to the fuselage for the Grumman Guardian are shown
in Figs. 6a *hrough 6m The patterns for the same antenna mounted on
the horizontal tzil structure are shown in Figs 9a through 9n. It is
proposed that the four antennas yielding these patterns and their mirror
1mages be used in the phase-shift DF system
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The tail antennas are mounted on the horizontal stabilizer eleva
tors. Connections to them can be made through flexible coaxial cable
If 1t 1s found that this mounting position is detrimental to the a~rto-
dynamics of the aircraft an alternative mouniing position along t'.-
fuselage 2 6 meters behind the fuselage wirg juncture 1s possil e
Patterns for this antenna location are shown 1n Figs 10a through 10c
Some loss in radiation conductance compared to that for the tail loca-
tion occurs. This may not be serious as the antenna sensitivity 1s
shown to be high

Figure 11 is a block diagram of this phase-shift system It makes
use of the pair of the four available antennas which cover the bearing
range of interest. The antenna outputs are fed into A I L developed
tuning heads which are modified to the extent that all the local oscil-
lators are disabled save one whose output is supplied to the mixer of
all the heads via coaxial cables The output of one mixer 1s fed
directly into the single channel IF amplifier

The output cf the other mixer 1s fed through a phase shifter and
then to the input of the IF amplifier where it 1s added to the output of
the first mixer. The IF amplifier is provided with an ordinary ampli-
tude detector whose output is amplified and impressed across the verti-
cal deficction plates cf an oscilloscope tube. The phase shifter unit
provides a phase shift in the IF voltage of the mixer preceding i1t which
1s directly proportional to a control voltage from the control umit. A
voltage proportional to this control voltage i1s also applied to the
horizontal plates of the indicator tube There results a one to one
correspondence between horizontal pos1 1on of the scopc beam and degrees
of phase shift present between the mixer signals at the input and output
of the phase shifter. Suppose the control voltage is of sinusoidal wave
shape. The beam of the indicator tube will be constantly swept hori-
zontally while 1ts position vertically will depend upon the combined
outputs of the antenna palr in use. A cusp-shaped figure will be formed
similar to those sketched in Fig 12 for severzl positions of the
transmitter with respect to a reference line on the aircraft.

Suppose 1t 1s desired to DF on a transmitter off tie left wing of
the aircraft. Then the two antennas on the left side would be 1in use
The phase shifter and control unit can be so adjusted that when the
transmitter 1s directly off the wing tip a cusp shaped figure with cusp
at center of scope face will be formed As the plane turns and the
position of the transmitter with respect to it changes the position of
the cusp-shaped figure with respect to the cunter of the oscilloscope
face changes proportionally The bearing of the transmitter can be read
off the calibrated scope face

This DF system requires that patterns covering nolghborlng sectors
of the azimuth have a region in common This common region is the
operating range of the system for the particular antenna pair used. The
two apparent limitatiors on the azimuthal coverage of a given anterna
pair result from pattern amplitude change and pattern phase change
Since the cusp-shaped figure of the bearing indication is preduced by
the antiphase addition of the two antenna vcltages, the depth of the
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cusp 1s determined by the relative amplitudes of the two patterns at the
particular bearing. The useful range is then no greater than tc the
first null of either pattern An inspection of the patterns shows that,
with the two antennas having forward coverage, a range of about 50° to
either side of head on 1is available at all frequencies save at 800 mc,
corresponding to 40 mc i1n the full-size aircraft. which pattern has a
range of about 20° off head on The A.I.L. tuning head having a lower
limit of 50 mc makes this limitation less serious.

For the two antennas having side coverage (one at the fuselage-wing
juncture and one at the tail-fuselage juncture) the patterns show a
range of usefulness of about 20 degrees to either side of a line per-
pendicular to the head on position line of the plane. A method of
obtaining bearing fixes on a transmitter 1s to fly two courses per-
pcndicular to each other and so located that the transmitter 1s some-
where off the plane’'s wing tip. If this 1is done at a distance of about
100 miles from the transmitter the range of 40° of bearing indication
gives a base length of around 70 miles between bearing fixes on each
course. This, for a 300 mph aircraft, involves a flying time of sowme
20 minutes between bearing readings The base lengths of 70 miles would
seem to be ample to obtain a reasonably accurate '"cocked hat" within
which the transmitter 1s located On the basis of this reasoning the
angular coverage provided by this phase-shift system should be adequate

No error in bearing indication is caused by the pattern amplitude
change. When the patterns are of equal amplitude, a perfect null {full
depth cusp) 1s formed. When the pattern amplitudes are in a ratio of
S tol a 20% denth cusp 1s formed. If a minimum usable depth of cusp is
selected, then the azimuthal coverage can be read off the patterns. On
this basis the foregoing coverages were estimated

The phase-shift system was tested on the 1/20 scale Grumman model .
The plane was equipped with wing and tail partial-sleeve antennas and
mounted on the pattern range turntable The RF outputs of the two
antennas in use were added together with a calibrated telescoping line
length in one antenna cable The antennas were excited with the pattern
range antenna. The antenna sum voltage was detected and measured.
Curves of sum voltage vs. phase shift in one antenna line are shown in
Fig. 13 for the wing antennas, and Fig. 14 for a wing and a tail antenna
on the same side of the aircraft Each curve corresponds Lo the indi-
cated azimuthal direction of arrival of the signal The proposed
cathode ray indication would look just like these curves. The data were
taken at the high end of the frequency band (2000 mc)  The chart below
shows a comparison between the experimentally determined shift in the
bearing indication and the shift that would be expected based on an
assumption of omnidirectional antennas in free space separated by the
same distance as the antennas on the aircraft.

Bearing Indication

Signal Arrival Directior Two Isolated Omn. -
Degrees From Head On Directional Antennas Two Wing-Edge Antennas
0° o° 0°
5° 14.6° 17°
11.5° 33.5° 45°
15.5° 45.6° 65°
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Signal Arrival Direction Bearing indication
Degrees From a Perpendicular Two Isolated Omni- One ¥ing-Edge and
to Head On Directional Antennas One Tail Antenns
0° 0° 0°
6° 109° 115°
12° 216° 235"
17° 318~ 325°¢

These data represent an experimental check on the workability of the
phase-shift system. The accuracy of the equipment was investigated. A
pair of vertical sleeve monopoles was mounted on the pattern range
turntable Their outputs were added with the telescoping line 1n one
lead. A plot of line length addition versus angular rotation of the
antenna pair is shown in Fig. 15. Its shape agrees very well with the
theoretical sinusoidal On this basis the results obtained on the
aircraft antennas are considered reliable.

The wing-edge antenna pair yield bearing 1ndications as shown in
Fig. 13. The curves are for bearings towards one side of head on. A
similar displacement occurs i1n the opposite directivin for signals coming
from the other side of head on. It is seen that for signals occurring
in the forward 30° of azimuth the bearing indications are quite definite.
As the azimuthal bearing deviation from head on increases (> %15°) the
bearing indications become less definite. The limiting value was not
ascertained.

The combination of a wing and a tail antenna gave the results shown
in Fig. 14. The total range of phase shift which can be employed.
corresponding to the full horizontal traverse of the bearing indication
1s 360°. The displacement in electrical degrees between the two anten-
nas at 2000 mc 1s 1100. The bearing null occurs for a line phase shift
of 1100° sin @ where @ is the angular direction from a perpendicular to
head cn. Suppose the bearing indicator 1s arranged so that when the
beam i1s at the center of the tube there is 0° phase shift in the one
line and when 1t is at an edge of the tube there is t 180° phase shift
in the line. Then Fig. 14 indicatcs that the total azimuthal coverage
is about 17°. A signal coming in from about 19° off the wing tip would
give the same nul. pnsition as one coming in directly off the wing tip
except the null depth would be considerably less. Thus the azimuthal
range could be increased beyond the 17° value provided the null depth
information were taken into consideration. As in the case of the two
wing-edge antennas the actual limit of angular coverage of the antenna
pair 1s the ne:ghborhood wherein the bearing null becomes poorly defined.
On this basis a total coverage of 40° off the wing tip seems feasible at
this frequency The 2000 mc information obtained ebove corrzsponds to
100 mc in the actual aircraft and is considered as thc worst case, at
least insofar as the wing and tail antenna pair is concerned. At lower

frequencies there is a corresponding closer electrical spacing of the
antennas.
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Patterns for a fuselage mount location of the antenna are shown.
It 1s considered that this location 1s an excellent substitute for the
tail mount location The electrical spacing betweer the wing-edge
antenna snd one at this position is about T80° The patterns are fully
«s good as the tail mount paiterns. A lowered radiation conductance and
a somewhat higher sensitivity to vertical polarization are the dis-
advantages.

While accurate bearing information 1s obtained only over restricted
ranges of azimuth with this system the antenna patterns do provide
coverage over the entire azimuth except for some 60° of range centered
on the tail. To be able to receive a transmitter located in some
arbitrary direction while flying, provision could be made to have all
antennas switched in to the IF amplifier whose detector could supply
ean audio amplifier for detection of a transmission. The scope indicator
would not be in use. Upon detection of the transmission the antennas
could be switched out one at a time. The quadrant in which the trans-
mitter is located would be given by the antenna producing the maximum
signal. The proper antenna pair and scope indicator would then be used
to DF accureziely on the transmitter. Using this method of operation the
sircraft would have available first an 1instantaneous and practically
omnidirectional receiving system to detect a transmission; secondly 1t
would have an effective quadrant type bearing indicator; and finally it
would have an accurate DF system for taking fixes on the transmitter

when the latter is located within approximately 40° sectors off the nose
or either wing tip.

3. Amplitude Comparison Direction-Finding System

A study of the patterns presented in Figs. 6a through 6m, 9a
through 9n, and in particuiar Figs. 16a. 16b, and 1Gc indicates pattern
coverage for the RA0” azimuth. Figures 16a 16b. and l6c corresponding
to frequencies of 800, 1260. and 2900 mc/sec respectively, show the
four antenna patterns superimposed and make evident their relative
sector coverages and their similarity The three frequencies correspond
to the end and midband scale frequencies of the specified range of
40 - 100 mc.

Because of this coverage end pattern similarity the feasibility of

-using an amplitvude comparyson system providing instantaneous DF over the

azimuth was investigated. This system 1s shown in Fig. 17 which pre-
sents a block diagram of the direction-iinder s components and shows the
orientation of the iour 1iisn mounted untenias u3cd in the system.
A "bread-board" modei oi the system was built up to investigate ex-
perimentally the results that might be achieved with it.

The output from each antenre i< fed into its respective A.I.L. RF
head and mixer One local oscillator supplies tie injection voltage to
each of the four crystal mixers. The IF output of each mixer is ampli-
fied, detected, and fed :intc a gatcd amplirier feeding a deflection
plate of the oscilloscope through a ganged attcnuator. Further de-

scription of the system is Lest accomplished by analyzing 1ts operation
for an assumed incoming sigunt
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Consider a horizontally polarized signal arriving off the left wing
making an angle of 60° with respect to the nose of the aircraft (Fig.
16a). The amplitude of the voltage input to the RF head in each channel
1s directly proportionai to the amplitude oi the respective antenna
pattern at that angle Further, the magnitudes cf the deflection
voltages at the oscilloscope will be proportional to the amplitudes of
the patterns at the designated angie of arrival (assuming matched gain
channels). Therefore the beam of the oscilloscope will be deflected to
an appropriate position near the number 1 deflection plate. Gating the
outputs of the deflection nlate amplifiers makes available a straight
line indication on the scope face.

Because the antenna patterns are not circles, any bearings read on
such a scope face marked off in degrees would be incorrect. However
this situation 1s present for most fixed small aperture direction-
finders whose patterns deviate from the conventional "perfect figure-
eight". Generally this difficulty is resolved by calibrating the
system (1.e. a curve of true bearing vs. indicated bearing at each
frequency over the band)

It was evident in the operation cf the model DF system that there
are present sectors in the azimuth where bearing errors exist which
cannot be corrected by calibration charts. These errors are due to two
types of pattern variations and their existence can be anticipated from
a study of the patterns where such variations occur

One type variation is present for the leading edge, wing antenna
patterns in the very low end of the band (Fig 18) Here the amplitudes
of the patterns about the aircraft nose do not decrease uniformly (i.e.
with a slope of constant sign) from the pattern maximum. Specifically.
there 1s a tendency toward lobing thereby causing changes in the di-
rection of concavity in the curves In these regions there exist two
angles of arrival where the pattern amplitudes are the same so that the
DF system indicates the same bearing. The effect causes errors in spot
sectors about the aircraft nose buc 1s not a limitation for angles of
arrival off either wing tip. This is apparent from the slope of the
antenna curves 1n the region about either wing tip.

The other source of error 1s due to the broadness or flatness of
the amplitude patterns specifically about a pattern maximum. This
condition is indicated in Fig. 19 In such sectors the detected ampli-
tude remains a fairly constant signal so that the scope beam will be
held in one spot (the amplitudes of the other antenna signals are down
considerably and thereby have comparatively little effect on the beam’s
deflection). As a cousequence of this pattern fault, additional sectors
of 1ndeterminacy result.

These pattern characteristics appear to limit the range of useful-
ness of the amplitude system to those sectors (off wing tips) where the
patterns change rapidly with a slope of constant sign. The direction-
finder could be calibrated accurately in a 40° sector off each wing tip.
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There ex.sts the possibility of reducing errors due to the flatness
effect by using a pair of fuselage mounted antennas 1n place of the
trailing edge tail elements (Figs 10a, 10b, and 10c). These patterns
are somewhat sharper lobed and the position of the lobe 1s shifted
nearer the wing tip and nearer the main lobe of the adjacent forward
anteana. This lobe tilt indicates larger detected signals would be
present on two scope plates and movement of the scope beam should be
enhanced. One obvious disadvantage of these patterns is thc lack of
coverage in a sector off the aircraft tail.

The ultimate utility of the ampiiude system may be for an 1in-
stantaneous quadrant detection system to be used in conjunction with a
phase comparison DF.

4. Conclusions on Aircraft RDF Systems

Two different RDF systems have been investigated and discussed 1in
this report. They both use the same antenna configuration, viz., the
wing-edge puir as used in the homing system, and a pair of tail-mount or
fuselage-mount partial sleeves. Of the two systems, the amplitude
comparison syst:m seems to be the more instantaneous 1n operation,
whereas the phase comparison system seems to be the more accurate. In
hoth, the azimuthal range of accurate bearing information 1s substan-
tially the same. With little equipment in addition to that which either
system requires they could both be incorporated in one DF unit. Thus
the advantages of each wculd be available.

Either of these FOF systems give a bearing that 1is accurate only in
limited regions of azimuth, namely in the forward sector off the nose
and 1n the sectors off each wing tip. It 1s believed that these sectors
are the most important ones in the tactical use of the RDF system
Nevertheless i1t must be concluded that the answers on the RDF problem
obtained to date are only partially satisfactory and that they represent

only an interim solution. Work on the aircraft RDF problem is con-
tinuing.
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APPENDIX I
MODEL HOMING SYSTEMS

To aid i1n the evaluation of the usefulness of antennas i1n homing
systems a working model of 2 convent:onal aural null A-N system has
been constructed. A block diagram of the arrangement 1s given in Fig 20
The two antennas to be used for homing are mounted on the aircraft model
A Lolometer detector with tuning stub 1s connected to each. The de-
tector output cables are led from the model through separate amplifiers
to a single pole double throw micro-switch which is actuated by a cam
The cam 1s so shaped that the switch connects the input of the display
oscilloscope vertical deflection amplifier to each antenna 1n the
sequential fashion diagrammed below

Connection

Time ————»

FI1GURE 20a

In this manner the 1000 cps modulation from the detector output
of the one antenna is modulated with an "A" signal while the corres-
ponding output of the other antenna is modulated with an "N" signal.
The "A" and "N" signals are so timed that the 1000 cps tones from the
two antennas coalesce 1nto a steady tone when the antenna outputs are
equal 1n magnitude. This condition 1s present when the aircraft 1s on
course. When the output of either antenna exceeds the other, an "A" or
an "N" keyed tone predominates, depending on which antenna output 1is
the greater. This case corresponds to an off course position of the
aircraft.

The tower upon which the model is placed is rotatakle through 360°
by the tower drive. Synchronized to this drive 1s a potentiometer
connected to a battery so that a direct voltage proportional to the
.ngular position of the tower 1s available. This voltage is amplified
1n the oscilloscope horizontal deflection amplifier and applied to the
oscilloscope horizontal deflection plates. Centering and gain controls
are at hand by means of which the beam of the oscilloscope can be
located at the center of i1ts horizontal traverse across t e oscilloscope
face when the aircraft model i1s head on, and the travel of the beam in
1nches per degree rotation of the model can be chosen at will For the
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purposes of this repcrt two difterent rates of travel were used; the
one spread the 120° centered at the nose of the mcdel across the oscil-
loscope face; the other spread the entire 3A0° rotation of the model
across the tube face, again centered on the nose

The rotation rate of the cam actuating the A-N switch was 1nmitially
chosen to produce 22.5 characters per minute which i1s about the rate of
the aircraft beacon stations. This rate was used in the photographs
showing 360°model rotation A rate six times higher was used 1n the
photographs showing 120° model rotation to give a finer presentation.
The wodel rotation rate is 1 RPM so 22.5 characters appear in the 360°
rotation photographs The 120° photographs were taken at the same tower

rotation rate but six times the character rate, so 45 characters appear
in the trace.

A description of tests of wing-edge antennas in a model homing
system, A-N and of propelier modulation effects on wing edge antennas
1s given in Sections A and B which foilow.
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A lests of Wing-edge Antennas in a Model Homing System. A-N

The value of having a working model of a typical homing
system, whiech 15 1n this case on aural null A-N system, 1s two-fold.
It aids 1n determining the usefulness of antennas proposed for homing
applications which otherwise has heen described in terms of relative
sensitivity and definition It provides a clear graphic summary of the
homing antennas operation over the entire 360° of azimuth 1in the form
of oscilloscopic photographs

All the photographs presented 1in Figs 2ia through 2ig show the
response of the aural null A-N system utilizing che wing-edge aniennas
as function of angular position of <he aircraft in the azimuthal plane
The center of each trace corresponds to head-on position of the aircraft.
In the photographs labeled 360° rotation the ends of the trace corres-
pond to tail-on position of the aircraft, 1.e . the entire azimuthal
piane 1s presented. 1ln Figs 21f and 2lg an expanded presentation appears
in which the forward 120° (60° to each side of head-on position) 1s
shown

Figures 2la through 2ic present the homing response patterns of the
wing-=dge antennas on the accurate scale model There are two photo-
graphs taken every 100 mcs tharough the band of i1nterest. At every
frequency shown the vertical deflection amplifier was adjusted 1in gain
to produce the convenient sized display shown for horizontally polarized
waves The vertical polarization pattern was then taken with no change
made 1n the system except a rotation through 90° of the driving dipole
1n the focus of the parabolic reflector which 1lluminates the aircraft
The pairs of photographs taken at each frequency therefore give the true
relative behavior of the homing antennas with respect to herizontally
and vertically polarized waves in all azimuthal directions.

Attention 1s drawn to the fact that tne envelopes of these response
patterns deviate from the shapes of the corresponding antenna patterns
presented. The antenna patterns yield relative electric field inten-
sities as per custom They are obtained by the use of square law
detectors (bolometers) in conjunction with a square root extracting
amplifier. It was thought that 1n practice square law detectors would
be used without such an amplifier The responses of these detectors,
and consegquently the lhoming response patterns shown, vary as the square
of the received electric field intensity This detector response
characteristic would seem to be of value in 1ncreasing the definition
of homing system antennas

It 1s apparent from the photographs that response of the wing-
edge antennas to vertically polarized waves 1s negligible.

Figures 2If and 2lg give horizontal and vertical polarization re-
sponses of the wing-edge antennas mounted on the accurate scale model
and taken at 5 different frequencies throughout the band for the forward
120° of azimuth. As result of the A-N keving and the tower rotation
rates employcd in the 360° rotation photographs, one character occupies
some 16° of angular rotation and the on-course coalescence of the tones
is chscured. To better present this coalescence, only the forward 120°
1s now shown with the A-N keying rate so increased that one character
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occupies 2.67° of rotation Beferring to F._s. 21f and 2lg one notes
that the nhorizontal polarization response seem to consist of two pat-
terns superimposed, the one being modulated by the keying rate, the
other being a solid pattern. Actually what occurs 1s the following:
The aircraft is rotated from 60° off head-on course in the one quadrant
through head-on course to 60° off head-on course i1n the next quadrant.
The A-N switci. connects first the one antenna to the indicator and then
the other. At 60° off head-on course one antenna has a high response
and the other has a low response. The ratio of maximum deflection to
mirimum deflection of the beam is high. Turning towards head-on course
this ratio diminishes until it rcaches unity on course Turning past
head-on course position the ratio increases from unity upwards as the
antenna responses begin to differ i1n magnitude again To the one side
an "A" signal 1s observed, to the other an "N" signal  The angular
range in which the deflectior ratio 1s very near unity 1s readily picked
out as the range whercin the ervelopes of the "two" patterns touch one
another

In the operating of the model system it has been observed that tne

aural i1ndication of head-on course 1s at least as sharp as the viswnal
presentation indicates.

B Propeller Modulation Effects on Wing-Edge Antennas

Figures 2a through 2d comprise a group made during che investi-
gation of propeller modulation effects on the wing-edge antennas mounted
on the crude model described 1a Report ADF-3  Because these antennas
are mounted on the leading edges of the wing about 0.5 cm from the
fuselage, the effects of the propeller on the homing system operation
must be considered A small electric motor was mounted in the model
and a scaled-to-si1ze aluminum propeller attached thereto. The photo-
graphs present the operation of the A-N homing system over 360° of
azimuth at four frequencies, the edges and ‘center of the band and the
frequency 1n the neighborhood of which the propeller would be expected
to resonate. At each frequency the polarization of the i1mpinging
electric field was made horizontal, 45° and vertical: and for each
case a photograph 1s presented showing the system operation with and
without the propeller rotating The band of interest for this model
was 950 mcs to 2350 mcs rather than 800 mcs to 2000 mcs for the accurate
scale model due to the difference i1n size The propeller resonance
frequency, calculated on the basis of 1ts operating as a dipole of
fatness commensurate with i1ts dimensions, was 1410 mecs  The propeller
rotation speed was about 20 RPS  The headphone monitor as well as the
oscilloscope 1adicator was used during the tests

In no case was any propeller modulation eflect noted either visually
or aurally. A sputtering noise was audible i1n the headphones as the
propeller was driven, but this was traced to brush noise i1n the motor
(a universal wound AC-DC motor) by rapidly connecting and disconnecting
the motor voltage while the propeller continued to rotate.

This useful result, that propeller modulation effects on the wing-
edge homing antennas were not detectable in the model studies described,
1s considered i1n Appendix II It 1s pointed out there that the four
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bladed propellier used on this model aircraft together with a certain
symmetry in the antenna mounting with respect to the propeller could be
the important factors contributing to this result.

Propeller modulation studies were not made on the rudder mounted
homing antennas as their distance from the propeller should render its
effects upon them negligible.
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APPENDIX I1
FACTORS CONTRIBUTING TO THE SUPPRESSION OF PROPELLER
MODULATION IN THE WING-EDGE ANTENNAS

In the frequency band of 40 mes to 100 mcs the aircraft structure
plays a predominate role 1n shaping the patterns of antennas attached to
it because of the currents flowing on its surface when 1t is i1mmersed
in the electromagnetic field. In the particular case of the wing-edge
antenna, experiments 1ndicate that the leading edge of the wing and the
fuselage extending from the wing forward to the nose behave somewhat
in the manner of a corne:r reflectur with the "antenna" itself providing
a convenient means of coupliny to the surface currents. In view of this
1t 1s diflicult to assay quantitatively how and to what extent the propel-
ler would affect the antenna’s operation. Having experimentally ob-
served 1n the model studies that the propeller effects are negligible
on the wing-edge antenna, a qualitative explanation of this 1s attempted
1n this section.

Refer to Fig. 23..- Let 1s be assumed that the received field 3¢
vertically polarized as shown by E, At an instant the propeller is 1in

the arbitrary position indicated. At point 1 on the propeller, distant
d units from the hub, a current element dijy flows. Similarly, at point

2 on blade 2 a current element digy flows. The parts of the blades

shielded from the quadrant of the aircraft shown by the nose of the
fuselage are not considered. Point A is located on the vertical gap
of the antenna. The voltage present across this gap excites the antenna
and provides 1ts driving force. Let the contributions to this gap
vqlt?ge by the current elements dijy and digy be dV5) and dVp9 respec-
tively.

The current element diyy is proportional to the received field.

dilV = KIEV cos @
and similarly
= dizv = KIEV sin Q.

The antenne gap responds only to horizontally polarized fields. diyy
contributes to the gap voltage by the amount

-j8 -jer,
dVAl = szilv € =1 sin @ = K1K2Ev € S sin ¢ cos @

and also

=y -
dVA2 = K2di2v € s cos @ = K1K2€v € Jfrs sin @ cos @

The total contribution to the gap voltage by the two current elements is

. _j8 -b
dVy = dVy) + dVpp = KiKy sin ¢ cos o(dipy € 7" - digy € TTT7).
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By symmetry of the propelier blades
ldijyl = ldigyl

At © = 45°, r, = r,, and because of the small ratio of 4 to ry in th.
region where the propeller 1s not shielded by the fuselage, r, X r,
there.

We can then write dVA 0.

Consider the case where the received field 1s horizontally polarized
and given by E;. Resulting from this field are diy;, and digy.

dilh > KlEh sin @
di2h = KIEh cos @
These currents elements would produce at the gap the voltages

-je -je
dVy - Kodijpe 7" sin @ = KjKoEpe 0 'sin®o

dVAz = K2di2he—J6r2 cos ¢ = KIKQEhE_JBrQCOSQQ

At o

@ = 45°, r, = r,
and —iR
dVp = dVpp dvA2 = K1K2Eh€ J rx(sin2® + cos’o)

which 1s ‘andependent of ®. Therefore, to the extent that r, does not
deviate much frem r,, the propeller adds a contribution to the gap
voltage which is independent of its rotation rate when the field is
horizontally polarized.

Following the foregoing line of reasoning, entirely equivalent
results are obtained if it 1s assumed that the antenna 1is sensitive only
to vertically pclarized waves with the diffcrence that, in this case,
with a vertically polarized field the propeller contributes a constant
amount to the antenna voltage while with a horizontally polarized field
the propeller contributes nothing to the voltage.

The limirations of this analysis are obvious but it may serve to
point out the design factors which tend to minimize the effects of the
propeller upon the performance of the wing-edge antennas.







APPENDIX (11
Phase Shift Heming System Proposal

Figure 11 is a block diagram of a possible heming system with C.R.
tube indicator. This system is capable of handling pulsed signals; it
is not a null system. It provides directienal information - in fact it
can be cslibrated to provide angular eff-ceurse information for use in
heming on a transmitter while flying in a strong crosswind.

The antennas used are the wing edge sleeves mounted close to the
fuselege. The eutput of the tuning head of each is fed into its own
mixer, one of which is connected directly to a local escillater, the
other 1s connected through a phase shifter te the local oscillater. The
two mixer outputs are added and sent to a conventional IF amplifier and
amplitude detector. The detector output is amplified and impressed
acress the vertical plates of an oscilloscope tube. The X deflection
voltage is derived from the unit which supplies the phase shifter
control. Suppose the phase shifter unit provides a phase shift in the
oscillator voltage directly proportional to a control voltage from the
control unit. Let this contrel voltage also be applied to the hori-
zontal plates ef the indicator tube. Then there exists a one to one
correspondence between horizontal position of the scope beam and degrees
of phase shift present Letween the oscillator voltages fed to the two
mixers. Let the control voltage be of sinusoidal wave shape. Then the
beam of the indicator tube will be constantly swept horizontally while
its position vertically will depend upon the cembined output ef the
differentially connected antenna pair. A cusp shaped figure will be
formed as sketched for three positions of the transmitter with respect
to the center line of the aircraft in Fig. 12. The location of the cusp
gives the transmitter location. The horizontal scope axis can be
calibrated to give the deviation in degrees between the transmitter and
the center line of the plane for positions in the two forward quadrants.

In more detail:

Referring to Fig. 24 the antenna voltages are
Vo~ F(’) cos (wgt - d’ sin 9)

VB 3 F(_v)cos (wst +d' sin @ + n)

d’' = j%L d wg = angular velocity of received

wave.

F(’), F(_y) antenna patterns - mirrer images in ¢ = 0 lime.
The oscillater voltage fed to the mixers is

V; cos gt to mixer B

Vbcés(wot + O(t)) to mixer A
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where 6, ‘s the corirolicd phese shift added in the one escillator-to-

mixer lir» Sgvare low mixers are assumed; the outputs of angular

velocity ‘n peighbcrhood of w, - wg = w; are the only components which

s 1
the IF ampiifier will trensfer.

From mixer A
vln.A = Kmvol-‘(‘p) cos (wit. +d’ sin ¢ - e(t))

from mixer L.
VmB = KmvsF(_¢)cos (uit -d' sin ¢ - n).

The amplified sum of these 1s taken from the IF strip
VIF = KVO[F(’)coa (gt + d'sin g - O(t)) + F(_Q)cos(wit - d'sin ¢ - 1))

This voltsage is amplitude detected, further emplified, and fed to the
vertical scope plates. Examination of the above expression shows that
when the arguments of the two terms differ by n radians the magnitude of
the voltage 1s
VIF = KVO(F(Q) - F(-W))

which 1s zero at ¢ = 0 and i1s & minimum for other values of ¢. We are
interested in values of @ less than I

The minimum occurs for 2

kwit +d'sin @ - 8(p)) = (wjt -d'sing - 1n) ¢ n

or G(t) = 2d' sin ¢

which shows that the value of 8(,) to produce a minimum in the envelope
of the DF output voltage is dependent on @ and on d’' = %? d.

As was suggested earlier a possible useful form of 6(y) is

em 81N wgt.

Then

. _ .
8, sin wet = 2d° sin ¢

m

The horizontal sweep on the scope is proportional to 8, sin u,t
and is se synchronized that when w,t = 2nn with n integral, the beam is
at center of the tube.

The verticel position of the beam 1s proportional to the envelepe
of the detected voltage.

It is easily seen now that tice position of the cusp on the indi-
cator face 18 directly determined by 9. The horizontal axis can be
calibreted in degrees and the angle ¢ directly read off.
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Since

and
d'=21‘£/1+£l)

where f ., Ay,y, correspond to the center of the band, it is seen that
an adjustment on €, is necessary over the tuning range to allow tha

indicator to be directly calibrated. This control should be readily
obtained from the main tuning condenser assembly of the receiver.
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APPENDIX 1V
ALTERNATE PROPOSAL - HOMING

The problems of aircraft homing and direction finding are two
closely related subjects Herce it is not difficult to devise a system
svitable for the solution of one problem and then to adapt this basic
system with some changes toward solution of the secoand problem

Such is the case for the system to be discussed in this proposal
Its basic application appears more suitable for homing although with
mcdification the system has application for limited DF coverage  The
limited coverage disadvantage stems from the same primary limitation
(the antenna system) which restricted the useful coverage of the phase
comparison and amplitude comparison system previously described. In
contrast. however. the system to be proposed makes use of both the
signal phase and amplitude information that is available.

Refer to Figs. 25a. 25b and 25c¢ which show the field intensity
patterns for two wing-edge antennas mounted on opposite wings near the
fuselage and connected in parallel. Because the antennas are in elec-
trical antiphase, this connection produces a sharp null straight forward
Further. Figs. 26a, 26b. and 26c are the field intensity patterns for
the seme antennas connected in-phase (by use of broadband balun) and
this connection produces a broad maximum forward The data indicates
the possibility of using these "sum' and ""difference’ patterns in an
inversion presentation system. That i1s. the electrical difference
between the two resultant patterns will show a maximum indication for a
signal aririving from head on and the indication wiii decrease for other
angles of arrival within a useful sector The useful sector is re-
stricted to that region in which the unit antenna patterns contain a
common area. ‘inls condition limits the usefulness of the system to a
60° sector about the aircraft nose. A block diagram for the homing
network 1s shown in Fig 27.

The ‘system requires two IF channels matched in gain but whose phLase
characteristics are immaterial They each are controllable in gain by
an AGC detector and amplifier operating irom the one IF channel.  Thus
gain of both channels is held to the same vaiue and that value is suffi-
cient to give a full scale indication of the meter when the ship 1s head
on into the transmitter In this case there is no signal at the output
of Channel I As the ship deviates from head on into the transmitter
the signal magnitude in channel T increases and subtracts at the indica
tor to bring the needle back from full scale trdication The meter
scale can be calibrated in degrees off head on  One disadvontage of this
arrangement 1s lack of sense. The lncal osciliator could be keyed into
the two mixers in an A-N fashion and the meter shunted with a pair of
~.cad phones to give a«n aural indication of sense with a visual indica
tion of bearing deviation with respect to the transmitter.
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APPENDIX ¥
imgodanse Calcutations for the Tuned Wing-Edge Antenna

The radiztion impedance of the tuned wing-edge antennz iy e
estimated by considering it to be a short slot r”»:p‘d aronun’ ”
leading edge of the wing. By using Babinet’s principle the 1«~f’nuﬂw n’
the slot may be obtained from the impedance of the equlvklent flat-worip
dipole. In sddition the radiation conductance is iacreased by a fantor,
which has been assumed for this case tc be approvimately 8 times. aue
te the bending of the slot antenna about on edge.*

At 63.3 we, L = A/10, W = A/5 and s = X/100, ard the compiimentary
dipole for the transverse slot has the configuration shown below.

3

)\,5 SR a = AI0C < Zno,
i A }// - i r,/A = 0.0016
V//j;/////' A T,////j:::/%i;:: ﬁ?

For short antennas the radiation resistance 2. is approximztely

it

R, ¥ 20n® (%) = 8 ohms.

The reactance is available from impedance curves.**

X, = —y40C.
Therefore the dipole impedince is
Zy = 8 - ;400.

2
Ry Babinet’s principle the impedance of the slot is Zg = D and n is
the irp:dance of free space. 42,

= g5 — jbg = 1.15 x 107* - j5.63 x 107°

Increasing the radlat1on condurtanco by a factor of 8 due L. the bent
configuration :nanges Y, to
Y, = 9.2 % 107* - j5.63 x 107°

For the short-circuit, strip transmissi

Zyp 1. = JZ, tan BL
where Z, is the L l.aracteristic impedance in terms of

Z

(8]

Youg, James Y., ‘l-duun of Sleta ia Elliptic Cylinders”, Fh. D. Thesis, University of
{ ineis, June }%5%.
L Jordnn E.C., Blectroacgnetic Waves and Nadicting Systeme, Prentice-Hell, p. 364.
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Hence .
Yr.L. = br.L = 3 cos Bi = -57.3x 1077
!

0

The 2quivalent circuit for the antenna input 1is

b . =
bT-LE S 295 so that the sntenna input admittance
b Y, is
a
" L " -2
l Y, = 5.2x 10" - j7.9 x 10
By tuning out the susceptance

Z, = —Jl—— = 1087 ohnms.
9.2 x 107"

Similarly at 40 mc
Yo = 3.36 x 107* - j1.35 x107"

and by tuning out the susceptance

Z, = 2980 ohms
at 100 uc i R
Y, = 4.84x 107 - j3.76 x 107"
and
Za = 206 ohms.

These values are the radiation resistances referred tc che open end
of the antenna. By tapping down at an appropriate point on the inside
of the sleeve these resistances can be transformed to center about any
desired value, e.g. 50 ohma. The actual measureu values can b~ expected
to differ from those calculated by this means because of (%) approxa-
mations in the calculations and (b) negiect of loading die to chmic
losses of the circulating currents. The latter effect can be expected
to be negligible at 100 mc but quite appreciable at 40 mc. A rough
estimate of the tapped dowvn impedance range when centered ‘sbout 50 ohims
would be 120 ohms at 4§ mc to 20 ohms at 100 mc.
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