| hd |

NRC Publications Archive
Archives des publications du CNRC

The use of elliptically polarized radiation for gap-filling in the vertical
pattern of the Canadian ZPIl antenna. Comparison of horizontally
polarized and elliptically polarized ZPIl antennae

National Research Council of Canada. Radio Branch

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/21276391
PRA; no. PRA-73, 1943-03

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=3a83cd16-6bc5-44¢1-8773-1dc50332ce4 1
https://publications-cnrc.canada.ca/fra/voir/objet/?id=3a83cd16-6bc5-44c1-8773-1dc50332ce4 1

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada


https://doi.org/10.4224/21276391
https://nrc-publications.canada.ca/eng/view/object/?id=3a83cd16-6bc5-44c1-8773-1dc50332ce41
https://publications-cnrc.canada.ca/fra/voir/objet/?id=3a83cd16-6bc5-44c1-8773-1dc50332ce41
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits

~

V4

MAIN Ser %\(O ' V?L?S
QC1
N21
PRA-73
c.

RESTRICTED

SECRET
PRA-73

copy no... 19

NATIONAL ReEseARcH CounciL oF CANADA

RADIO BrRANCH

PART |
THE USE OF ELLIPTICALLY POLARIZED RADIATION
FOR GAP-FILLING IN THE VERTICAL PATTERN OF
THE CANADIAN ZPI ANTENNA

PART Ii
COMPARISON OF HORIZONTALLY POLARIZED
AND ELLIPTICALLY POLARIZED ZPI ANTENNAE

OTTAWA

MARCH, 1943



1T,
III,
iv,

V.

A
V1iI,

I,
II.
111,
Iv,
V.

NATIONAL RISEARCH COUNCIL OF CANADA
RADIO BRANCH

CONTENTS

This report is published in two parts; the first,
"THE USE OF ELLIPTICALLY POLARIZED RADIATION FOR
GAP-FILLING IN THE VERTICAL PATTEZRN OF THE CANADIAN
ZPI ANTENNA" has not hitherto been published; and
the second part, entitled "COMPARISON OF HORIZON~
TALLY POLARIZED AND ELLIPTICALLY POLARIZED ZPI
ANTENNAE" is a reprivt of PRB-80, included hers

for the sake of completeness,

Page N.,

PART I
INTRODUCTION 4 ¢ o o « ¢ o o« o 7 0 s ¢« s a o s o 1
THE CALCULATION OF PATTERIS: » o o ¢ » ¢ s o a o 2
ELLIPTICAL POLARIZATION. ¢ o » 4 o ¢« o o o ¢ s o 5
OPTIMUM PHASING OF AN ELLIPTICALLY POLARIZED

ANTENNAoncnpclcn-..o--ool 5
OPTINUM DIVISION OF PONER BETWEEN THE

[IORIZONTALLY POLARIZED AND VERTICALLY

POLARIZED POITION OF THZ ARRAY: o ¢ o o o o 8
THE 7 I ELLIPTICALLY POLARIZED ARRAY o + 4 o o » 8
FLIGHT TESTS ON THE ELLIPTICALLY POLARIZED

ZPT ANTENNA ¢ o o o« o o o o o o o 8 o v o o 9

PART II

D\TTRODUCTION L] » . . o L ] [ ] [ ] L) [ ] [} » * L ] L] L] a ll
TES‘TESULTSDOUOQ.GOOIQD"’... ll
THEORBTIOAL CONSIDEP_E&TIONS R 8 © 0 8 6 & » 2 9 @ 13
CONCLUSIONS, 5 s o v 2 o ¢ ¢ 5 o s ¢ 8 ¢ 5 s o @ 14
ANTENNAE TEST TECHNIQUE, o « » o ¢ o o a o a o o 15

-~ 000 -



SECRET
PRA-T3 Page 1

PART T
The Use of Ellipticallr Polarized Radiation for
Gap-Filling in the Vertical Pattern of
The Canadian ZPI Antenna

1.  INTRODUCTION:

The horizontallr polarized eantenna commonly used in RDF is
greatly restricted in its usefulness, by *he gaps which are usually found in
its vertical radiation pattern. These ips are caused by interference betireon
the ray travellins directly from the antenna to the target and the ray reflecl-
ed from the ground to the target. A typical vertical radiation ;attern for
such a horizontally polarized antenna is shown by the broken curve in Drawir;
o« RI=15-69,

These caps can of course be filled by using two radiators, vith
complementary patterns, in conjunction with one anothier; the success of the
operation dependin~ on how completely complementary the two patterns happen to be,
Such petterns, complementary over a considerable rance in the angle of elevation,
are prescnted by vertically and horizontally polarized radiators at the same
heicht above their reflectins surface, or ground.

It is well knovm that horizontally nolarized radiation under-
roes a phase change of very nsarly 180° on reflection quite regzardless of the
angle of incidence, the cond:ctivity of the reflseting surface or the
frequency of propagation. It is also well known that vertically polarized
radiation undergoes a phase change of very nearly 0° on reflection for all
ongles of incidence greater than the “rewster angle. For this reason a
vortieally polarized radiator presenis a pattorn above the Brewster angle
which is complementary to thot presentsd by a horizontally polarized radiator
placed at the same height obove the ground, and excellent gap~filling should
be realized in this region. On the other hand, below the Brewster anzle,
vertically polarized radiation undergoes very nearly 180° change of phase on
reflection, whinh is the seme as for horizontally polarized radiation.

(The shift from 180° change of phasc on rcflection below the Brewster angle
for vertically polarized radiction, to 0° above, is made in a very small
neighbourhood about thc Brewstor angle, except in the ocase of sea water, uliore
the ncichbourhood is larger.) Thus, below the Brewster angle, the two
patterns aro not in the least complement:ry; but even here soms gap~-filling
should bo realized since the nulls in the vertical pattern are not as deep fvr
vortieally polorized as for horizontally polarized radiation.

For reflecting surfaces actually encountored in pr:ctice the
Brewster anzle at ultro high frequencies varies from alout 2° for salt water
and 69 for fresh watcr up to about 24° for very dry lond, Now the first null
for any horizontally -olarized radiator is on the horizon and thus always
ralls below the Brewster angle. Thus ene cannot expect to f£ill this gap by
using vortically polarized radiation. The position of the first null above
the horizon in the vortiecal pattern of the horizontally polarized radiator

.
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dupends on the height in wevelengths of the rediator above the ground. For
cxample, in the case of the Cenadian ZPI, the antenna height is 3.7 wavolengths,
giving the first null wubove the horizon at about 8°. This is just above the
Brewstor angle on wet sites, but below the Brewster engle on dry sitcs. Then
in this application, complett gap=-filling above the horizon should be realized
on wet sites. But as the sitc becomes drier the first null at 8° should begin
to appear, ond as the site bccomes quite dry the second null at 16° should
begin to appear. The third null occrrs at 24° ond should alweys be filled

in prectice togother with all highor nulls, since the Brewster anglc never

goos above 24° and only reaches it under most extreme desert conditionse.

Il1. THE CALCULATION OF PLTTERNS:

The ficld intensity presentecd at short distances over a finitely

conducting planc earth by & verticelly pelarized doublet is given by Nortanl
as

o i2nry i2wrg
EO

T

cos® ¢y ¢ & + R coss4’z o »

E =

. _ 21y i
+ (1-Rj) £ (7,B) coszwyz ei['T ﬁ:‘] (1)

whore Ey is the ficld strength at unit distance, R is the plane weve reflectici
coefficient of the sround, M is the wavelength, and where other quantities

are defined in Figurc 1. In this oxpression the first term is the direct

wave, the seccond the ;rcund roflected wave, and the third is the surface wave,
In the cese under consideration the third term is found to be negligible.

ilso d is wuuch greater than h) so that¥p bocomes equal to ¥1. Then equation
(1) may bo written

i2ury i2wr
E-_Ea‘l cos?’\{/aX + Re .

where ¢ is the 'angle of elevation of the target. Furthermore, this equation
was developed by Norton for a vertical doublet at the receiving end, thus
introducing en extra cos ¢ factor to teke care of the doubletts directivity
in the vertical plane. The target, i. the case under consideration, can
only be assumed to' have a non-directional pattern and so equation (1) takes
the form

~ i2ury ¢ i2wre
E=.EE°.cosz+Le X + Re pY

1 k.a. Norton, "The Calculation of Ground-Wave Field Intensity over a
Finitely Conducting Sphericul Earth", Proc. I.ReEs, Voles 24, DPPe 623~
8393 December, 1941, .
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In calculating patteorn: only the absolute veluc of the wvector
E is of interest, and this may bo writton

[ i2n(rz-r1)
1+ Re *

L.

Eo 2 ’
Bl = .—~¢
|El - cos%¢

Substitutc rp = r3 = 2hy sin ¥ ,'which is an excellent approximaticn
when @ is much groater than hle. Then
(v idwhy sin*',
1B =.E.’9.cosz-+il+Re | '
d - J

Next substitute
R = ~|R| e~iC

and
" o = 4mhy siny

A

Then finclly, for a vertically polarized doublet,
1/2
|Ef = %‘1 cosaty"l-ZQRl cos (6=C) + Rz] (2)

The following cxpression may be derived in a similar menner for a
horizontally polarized doublet

B = =2 cosq:[l-ZiRl cos (6-C) + Rz] 1/2 (5)

These expressions «.c now in & convenient form for calculating
the vertical radiation patter.s of vertically polarized and horizontally
polarized doublets., The plane wave refloction coefficient is of course
different in the two casess It is given by Norton as

i) i(“ b)
/X cos T°73) _
siny oZ gt ° 1

R = v (4)
e
5 /x cos b'  i(f - -g-) 1
sing o ot © +
lor vertical polarization, and .
.0
, 0 -i(x -
ging -C-’-?-;-E— e -z -1
R = (5)

e = i
sy [ ETE
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for horizontal polarization, where x, b, b' and b'!' are defined by the
followiug relations:

15
- 1.789 x 10°° fpo

¢ emu

X

tan bt = (£ = coszqa)/x

tan b't = &/x

b= 2btt - b' (vert. pols)

b = 180° = b' (hor, pol,)

fnme = the frequency in megecycles per second
£ = the dielectric consbtant

and g8mu = the conductivity in electromegnetic units.

At ultra=high frequencies and wlen- the conductivity is low;
e.g. over land or fresh water:

pr =X
2
prox X
2
b'-sl'.
2

cos bt Fcot bt = X
€ - cos? ¥

cos bt ¥ cot b'? =l;.

Using these approximations, the above expressions for R may be
greatly simplified without too great a- loss of accuracye The simplified
exprecssions arc

s T
R=E sin ¢ -/E.- cos® ¢

€ sin ¢ +/£ - cms2 b 4

for vertical polarization, and

(8)
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R = sinyg =/¢& = cosztf (7)
siny +/¢€ = cos;“P

for horizontal polarization.

Theoretical vertical interferonce patterns for verticall; and
horizontally polarized radintion arc shown in Figuros 2 to 6 for various
reflecting surfaces encountered in practice. These calculatod patterns
show clearly the gap-filling which should be realized above the Browster
ongle by using a vertically polerized radiator in conjunction with & hori-
zontally polarized roaciator at the same heighte :

11T, ELLIPTICAL POLARIZATION:

Vortically and horizontally polarized radlators mey be used for
~ p=filling by switching at will from one to the other. Such switching is
of coursc an undesirable complication and should be avoided if possible.
This is readily done by combining the two arrays into a single olliptically
polarizod array, where the polarization is chosen primarily to give tiwc
smoothost possible pattorn in the vertical plenes Such on elliptically
polarized array has throe advantoges over two arrays used separately by
switching from onc to the other.

1, The nuisarce of switching is eliminated.

2., The entire vertical arc is under observation continuously so
that there is less chence of an cireraft coming in unobssrved.

3, Erratic variction in sipnnl strength is considerably less for
elliptically polarized waves than for planc polarized waves, Such veriati.ns
in signal strength arc probebly caused by irregularities in the ground
about tho antenna end by the continuously changing aspect of the airoraft.
Experimental evidence in support of thic contention is given in the lest
section of this report.

. e

IV. OPTIMUM PHASING OF AN ELLIPTICALLY POLARIZED ANTENNA:

For best porformance the two components of an elliptically
polarized array must be arranged so that the gignels received on each are
not too far out of phi.se whenever they are anywhere near the seme magnitude,
Fortunately, there is ccnsiderable tolerance here; for two equal components,
oven m/2 radians out of phuse, have a resultant more than 70% of their in-phase
resultants

Consider en RDF anterna in thc position of tho first dipole in
.ipure 1, and a targetl plane in the position of the second. Let the phuse
of theé horizontally polarized portion of the radietion be zero radicns
when trensmitting, end let Lhe phase of the vertically polarized poriion
lead by © radians, Let the change of phase on reflection from the gr 'md
be wy radiens for the vertically polarized rediation end ¢y roadisns for

the horizontally polarized radiatic. .
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The horizontally p.larized radiation reaches the asircraft over
two paths, the dircect path rj and the indirect path rp (see Figure 1). Thon
this radiation hos two components on arriving ot the aircraft which arc very
nearly equal in magnitude because the abi.lute value of the reflection
coefficient is nearly unity for horizontaelly polaerized radiations Then the
phase of tuoc rosultant wave on grriving at the aircraft is

2w [11 agl o
. e T - }={r -y L Je— Y = -Er + r
L7 {xlrz =) 2} —H = Xrp +rp)e
The phase shift on roilcction from the terget con only be agsumed to be the

game for herizontully polarizod radiation as for vertically polarized radiation,

and will t.ucrefore be neglecteds Then the phase of the horizontally pclarized
rediation on roburning to the antenna is

By = “H"-z}-:l(rl+r2)

But @ p is always vory nearly equal to n for horizontally polarized wnves.
Then finally :

PH=""£;-(1'1+1‘2) (8)

Similarly tho vertically polarized radiantion reaches the target
plano over the two paths r) and rg, but in this case the two components arc
quite different in amplitude, that f.r the indirect path rz being considerably
smeller than that for the dir:et path rj. The phase of the component
coming cver the direct path i: indevendent of the angle of elevation of .
turget, is constont for ry constant, and is given by © - Eg_rl. On the other

A
hand, the phase of the indirect component continucusly recedes as the length

of the path rp increases with respect to r1; that is, as the angle of

elevation cf the tar 't increases, end it is given by © tdy - %’E roe

Let the .dircet component D and the indirect componont I have the
‘hase rnletions shown in Figure 7. Then the phase difference is

an 21
@ w o - (%] a - e
¢ = A Y l] [ + v }\ rz}

="'}?r'(’ﬁ'2""'1)"v
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Lot the path differcnce angle .21‘1 (rp = r1) be &, Then

ﬁ = 8 - qv (9)
Also the phase of the resultant field at the terget is & - ..227“. ry = 4 and the

phasc on returning to the antemnnu is
- L & 2
Bp=20 -2 -2 (10)

It is readily shown from Figure 7 that

ﬂ = tan™l ———l)—?I sin p (11)
D+ I cos

Finally the phase difference between the horizontally polarized wuve and
the vortically polarized weve on returning to the antenna is obtained by
subtracting equation (10) from cquation (8)s Thus

l.'n -2_;. (ry + rg)-J -" !’29 -%T-'-rz - Zﬂ]

Py-Fy

2n
— -7r - 26 2
N+ X (I‘2 1) + ﬂ

n+d - 20+ 28 (12)

It is observed from Figurc 7 that £ oscillates between bounds
of the order of + /4 radiens, for I less than about 0.6 D as is almost
always true in practice. Furthermore, whenever I and D are exactly in phase
or exactly ¥ radions out of phase, g is oxactly equal to zero, That is,
whenover the verticnl radiation pattern for vortically polarized waves
passes through & maximum or a minimum velus, P takes the velue zero, thus
simplifying the expression (12) in the ncighbourhood of these points.

It is now desired to chocsu @, the angle of poularization of the
antenna, such that no deep nulls will occur in the resultant vertical
pattern of the combined array. This will be so if Pg = Py is quite diffcrent
from w, 3w, 5% eto., for all angles of eluvaticn such that the emplitudes
of the vortically polarized and horizonii.lly polarized waves are of the
same order of magnitude. But Pg = Py must pass through a number of complete
cycles alcag with 3 since w and 9 are constant and # is roughly cuistent
(see Equation 12). Thus By = Py will take on the values 3w, 5w, 7w, etc.,
one after another as & incroases; and © should be chosen so as to line these
velues up, as far as possible, with nulls in the vertical radiation patterns
for horizontal polarization of Figures 2 to 6.
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It is readily shown from Figure 1 that the path difference angle

B . %g-(rz - rl) is related %o y , the angle of elevation of the target, by

the expression
8=%1h1 sin Y

for d much greater than hj. Then the vertical radiation patterns of Figures

2 to 6 could havc been plotted as funetions of & instead of functions of V¥

A typical pair of such radiation patterns, plotted as fuuctions of & ,

is shown in Figure 8. It is obssrved that the ficld strength for horizontally
polerized rediation is very neerly ciual to zero for

5 = 0, 2w, 4w, 6w, etc.

end that the field strength for the vertisally polarized radiation passes
through maximum values for all such points above the Brewster angles Thus,
for such points ﬂ= 0. oand Equation 12 tales the form

Pg - Py'= uw - O = 20

Then if © is choson equal to zero Py = Py tukes the values 3w, 5w, 7w, etc,
for & equal to 2m, 4w, 6w, etc. and the desired «lignment is rezlized.

It is now possible to calculate -the theoretical patterns for the
elliptically polarized array by simply adding the two patterns of Figures
2 to 6 according to 'he phase relation given in Equetion 12, Such a pattern,
for © equal to zero end for fresh water is shown in Figure 9. It is seen
that in this case the desired gap-filling is fully realized, & pronounced
maximum replacing each null in the patterns for horizontally polarized or
vertically polarized radiation teken alone, with the one exception of the
£irst null above the horizon in the pattern for horizontelly polarized
radiations This gap is very close to the Brewster cngle, but even so it
is largely filled. An expcrimental pattern for the seme case is shown in
Drawing No. RI~15~69.

V. OPTIMUM DIVISION OF POWE: BETWEEN THE HORIZCNTALLY POLARIZED AND
VERTLICALLY POLARLZED PORTION OF THE ARRAY: '

It is observed that the nu’ls in the vertical radiation patterns
are not nearly as deep for vertically polarized radiation as for horizontally

polarized radiation. This means thet there is & more wniform power distributic:;

and therefore, for a given power output, the poaks cannot be as high for
vertically polarized radiation as for horizontally polarized radistion., For
this reason the vertically polarized portion of the array must bs driven
harder then tho horizontally polarizod portion, for the most wniform gap
filling, This is done satisfactoril;, for dipoles with a power division of
312,
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VI. THE ZPI ELLIPTICALLY POLARIZED ARRAY:

The object in designing this array was to modify the existing
horizontally polarized RI array into an elliptically polarized array in such
o fashion os not to cntail any great delay in production. The existing erray
was simply o seven elcment collinear with parasitie reflectors.

Tt was decided that the vertically polarized portion of the array
should consist of six halfe-wave dipoles fed in phase with parasitic reflectors.
The number six was selocted because it was plonned to mount the dipoles and
» flectors inside the phasing stubs of the horizontally polarized portion
o the crray, where use could be medo of supporting cross~pieces in the frame.
Folded dipoles were to be uscd to provide o mechonically rigid ond self-
supporti, 5 system, as well us to present o reasonable driving point iipedance

when poralloled, The parasitic reflectors were to be used with elose spacing
in order that they might be mounted on the same supports as the dipolcss

A folded dipole having en iapedance of upproximately 300 ohms was
constructed (Drewing No. RI=-15-48), An impodance of this order was selected
so that the finul array would nut have too low an impedancee An arrcy cons
sisting of six vertical dipoles ond six reflectors of 5/16" brass tubing ves
constructeds The spacing and length of the reflectors was varied wtil a
suitable radistion pattorn was obtaincds It was found that the length wos
97.5 eme ond the spacing betwoen the dipole and tho reflector was 10 cme or
<05\, The puttern is given in Drawing F.. RI-15-~T4. It was found that a
single unit, dipole and reflector combined, hod on impedance of 150 ohms,
The feeder lines for tie arrey consisted of o 300 ohm line, i.e. 1/8" rods
at 3/4" spocing,

4fter the adjustments were completed, the verticolly polarized
array was mounted on the same frame as the horizontael arraye. Onc problem
wes to feed the vertical elements so that the horizontal pattern of the hori-
zontal array would nct be affecteds It was deeided to run the fevders down
the centre lins of t:: array.

Sincec the pli.sc diffcrence betwesen the vertical and horizontal
components of the reccived signal vary with the clevation of the aircraft,
=0 attcnpt was made to check patterns of the combined array. In each ocase
the individual pattern of each componont was checkeds It was found that by
changing the collinear back to the standard one for o spot frequency of
150 me/s ond using & ciorting ber on the ond phesing stub, a good horizontal
pattern was obteineds Sec drawing No. RI~15-75.

In order to join in with the existing type of coupling ring
nssembly, it was found nocessary to feed the elements with lines 57° lung.
The phasing of the two soctions, duc to space lug end chenge of phase in the
feeders wns then 30° to 40°, The in, cdence of the combined arrays was of
the order of 260 ohms resistive.
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Vertical patterns were telren in the following manner, The array
was placed on the trailer, pointed at the 200=foot E.W, tower and fcd by a
C.W. oscillator. The distence between tower and trailer was 400 feets It
wa.s found that the power division between the two components waes such as to
give equal field strengths on thc maein lobes of the verticael patterns.

'At'firsﬁ it was intonded to usc the antemne at a spot froquency of
150 mc/%. However, it was found thet by shortening the vertical reflectors
end adjusting the shorting bers, good potterns could bo obtained over the
bend 150 = 155 me/s inclusive. This band was checked in actual opceration,
and match and oporation werc satisfactory. In fact it may be said that duc
to an error in sotting frequency, the arrcy was used at & frequency of 159
mc/% while adjusted for 155 me/s and pertormence was satisfactory.

Vii. PLICHT TESTS ON THE ELLIPTICALLY POLARIZED ZPI ANTENNA:

Vertical radiation patterns for the combined antenne were taken
in actual operation by bringing an cireraft in toword the set at difforent
constant elevations, noting the ranges at which roturn signals were receivcd.
Results of such tests using e fresh water lake as a roflecting surface are
shown in Drawings RI-15-69, 70 and 71,

In the first drawing RI-15-69, the pattern for the new antenna is
shown superimposcd upon the pattern for the old stylo horizontally polarized
.tonna.  On this sitc the Rrewster angle is about 6° which is below the
lowest normally occurring null at 7-1/2°. Thus excellent gap~-filling is
realized, but with o docreas” in maximum ronge as would be expectedls is the
site becomes drier the Brewsicr engle moves upwards and:the first null
becomes decper ond deeper. At the scme time morc amd more energy is crowded
into the bottom lobe giving groater range on this lobe. Only on an extremely
dry site would the Brewster ongle ri:.. above tho second normally occurring
null at 15°, .

A further advantage of the 0lliptically polarized antenna over the
old horizontally polarized entcnna 1is brought out in drawings RI-15-70 and
RI-15=71. This advantege is o greater stendiness in signal strength as observ .
on the PPI tube. In the slliptical casu, the aircraft is seldom lost once it
is picked up, but may be lost cven in thc middle of & lobe in the horizontal
ca.sGe

It should be observed that the wurtical and horizontel scales in
Drowings RI-15-69 and RI-15-71 are magniii.d end that the drawings are thus
distorted. The same potterns arc :iown again in Drawing RI-15-73 with the
trus proportions botwson vertical and horizontal scalos.

An olliptically polarized ZPI antennc is shown in the accompanying
photographs. In one case the mest is orect and the entenna is ready for
operation (see Figurc 10). In the other cose the mast hos been lowered eni
the antewne is recdy to be romoved and packed (Fige 11).

UL TAWA NeReCe Antenne Group
uarch, 1945,
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PART II

Comparison of Horizontully Polarized and
BElliptically Polarized ZPI Antennae

This report summarizes comparison tests made betwecn the new
(elliptically polarized) ZPI antenna and the old (horizontally polarized)
7PI antenna, These tests made using an Avro Anson (fabric covered) aireraft
flying at various altitudes up to 15,000 feet demonstrated that a ZPI
equipped with an elliptically polarized antenna has a range of 50,000 yards,
In addition, targets are observed continuously as they fly in from 40,000
yards range when they are above 3,000 feet, For altitudes between 3,000 feet
and 500 feet, the rangs for centinuous observation decreases proportionately
from 40,000 yards to 16,000 yards, Although tests were not nade above 15,000
feet, it is predicted that the coverage will be virtually complete to 25,000
feet with most initial observations near 40,000 yards, These data were com-
piled on an ideal site, which, however, is more than offset by the use of
reduced transmitter power and a fabric covered target,

I, INTRODUCTION

The horizontally polarized antenns originally designed for the
7PI had very deen nulls, several of which passed through the region in which
consistent readings are required Tor the transfer of targets from ZPI to APF,

consideration was given to several methods for gep-filling,
and it was finally decided that, all things considered, the elliptically
polarized antenna held the grcatest nromise for this applicetion, A standard
array of seven half-wave dipolecs horizontally polarized was modified by tle
addition of six vertical dipoles displaced in space by \/8,

' This antenna is shown in couparison with the old type in phoio~
graph No, 1035-B®(the old type appears in the background), Photograph No, 1035~A, Fig.10
shows & closer view of the elliptical antenna only, The antenna shown in
these photographs is, of course, en experimental version and the vertical
dinoles are permanently affixed, However, the nroduction design ullows the
vertical dipoles to b: very easily demounted for storage purposes,

II, TEST RESULTS

Print No, NRC-RI~15-73 shows the limit of operation for both
the old and new ZPI antennas in vertical cross section plotted to seals, An
Avro Anson (febric covered) aircraft was used, and the ZPI was sited at the
vater's edge of Lake Dcschenes in such a way as to have the aircraft viewed
agross the water, The transmitter power was considerably below the present
standard, but was carefully maintained constant, as were all ad justments.
(Subsequent modifications to this transmitter and receiver showed & groat in-
crease in the echo received from a fixed target, thereby equalling the
performance of production sets,)

Fig. llo
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Print No, RI~15-71 shows the same data plotted to an exag-
gerated, vertical scale for more accurate analysis, Additional data are
included in the form of heavy horizontal lines representing the actual usable
indication rof the aircraf: during the test flights. With the elliptical
antenna it, will be noted that after the initial observation of an incoming
target, the indication on tlie cathode ray tube remained dependable and
continuous, whereas with the old antenna the indication was intermittent even
between gaps, This indicates a great improvement in random fading of the
elliptical antenna over the old ant..na,

This is further emphasised by print No. RI-15-70 which shows
a comparison of intensity of signal for both antennae for a flight at one
altitude,

Print No. RI-15-69 compares the patterns directly by super-
imposition and makes the elimination of nulls very clear, A reduction in
range will be observed, but this is unimportant, and it is inherent in any
simple gap filling method a- a result of the nower fed into the nulls bciug
taken from that rormcily producing the lshes,

. From an cperational point of view the elliptically polarized
antenna is completely lacking in the nulls and fading phenomenon which led
to many failures in transferring incoming targets to the APF when i1sing the
old antenna, It will alsc be noted that the observation of plancs coming in
at low angles is better with elliptical polarization, Dry land will tend to
increase the slight uull exhibited by the elliptically polarized antenna ct
approximately six degr=es, but ‘cursory tests made on several dry sites
indicate that this dc's not disturb the region in .which transfers are made,
Under such conditions the lower portion:of the enrve extends in such a manner
as to give greater range on aircraft coming in at medium altitudes,

After all data had been recorded for both antennae on this
route tho RI trailer was movasd back from the shoreline for an attempt to take -
comparisop data over flat land, The move was necessary in order to avoid a
course pussing over a house located on the lake shore, The initial rmns on
this second route indicated, by complete lack of gaps and close agreer:it in
range with the first test above, that this new course exhibited the character-
istics of a water site, The surface of the ground along the direction of the
course was examined and it was round chat while, for about the first hundred
feet the ground was solid, that this was followed by a stretch of marshy land
which was causing the unexpected resvlts, ol

An eagterly coursc was unsuitable due to a sharp riss in the
ground in this direction., However, a flight was made and the results were of
interest when the contour of the ground was considered with them, The
extrapolation of the ground slope v 5 found to intersect the path of the
aircraft at a range beyond which the response fell off rapidly, which is of
course expected, as bevond this point only the direct wave reaches the aii-
craft, Print No, RI-15~78 illustrates this and demonstrates the reductions
in range to be expected as a result of a :-wl shaped site,
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The clutter diesgrams NRC-RI-15-79 and NRC-RI-15-80 show
that with the elliptically polarized antenna greater detail appears in
the ground clutter. It is of course obvious that low angle response can
only be had at the expense of increased ground clutter,

I1I, TEEORETICAL CONSIDERATIONS

Briefly the electromagnetic waves emanating from the antenna
follow two paths to the target, These are: (1) direct from antenna to
target, and (2) from the antenna to an intermediate point on the earth's
surface and thence by reflection to the target. (See Fig.l)

O 7 G 4T 4 G ¥ i QEY G S AF S 4 S G ¥ S OV SF & & 4

Dependent upon the relative length of path (measured in A units) the

two waves reaching the target will have various phase relations and may
add or subtract, The result of this is that at some points nulls are
produced, while at others mexima are produced, Below the Brewster angle
a 180° phase change is produced, on ground reflection in both vertiocally
and horizontally polarized waves, whlle above this angle the phase shift
takes place only in the horizontally polarized waves, and the nulls result-
ing from the use of verticelly polarized waves ocour at the points at
which mexima ocour for horizontally polarized weves, Thus & combination
of vertical and horizontal polarization eliminates nulls above the
oritical angle, On a water site this angle is 6°, and as the gaps for a
horizontally polerized antenna occur at 7-1/2°, 15°, 23°, and higher
angles, complete gep filling results,

When the site is drier the Brewster angle ineoreases,
passing the 7=1/2° null, end the drier the site the deeper the null be=-
comes while more energy is orowded into the lower lobe, resulting in
greater ranges in the altitudes affeoted by it, It is not to be expected
that the Brewster angle will inorease beyond 15° (the seocond null in a
norizontally polarized antenna) exoept over 8 desert,

Due to the sensitivity of many targets to polarization of
the signal, elliptical polarization results in reduced aspect sensitivity
which results in more consistent response on the FPI,
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The site for this antenna should be considered as starting
at not more than fifty feet from the trailer and extending out to about 500
feet, Within this area the land should be level, reasonably flat, and free
from large obstructions such as houses, It should be kept in mind thet the
antenna performs best over wet sites, and wherever possible full advantage
should be taken of lakes, ponds and swamps, Most important, however, is the
choice of a flat, unobstructed site. It should be realized here that for the
purposes of this antenna the site conditions stipulated above need only exist
in the sector or sectors in wliich observations are to be made, The ground
conditions in other dircctions do not affect the operation of the antenna with
regpect to targets in a given direction,

IV, CONCLUSIONS

The elliptically polarized antenna completely f£ills the higher
gaps found in the patterns of the old antenna and sither fills or satisfactorily
reduces the lower and less serious gaps, according to the choice of site,

This is done at a slight loss in range which is negligible as planes can be
detected at the edge o the PPI screen (60,000 yard radius) when the trans-
mitter is delivering normal power,

Low angle response is improved, The signals are steadier with
thc new antenna as a result of the elimination of aspect sensitivity and the
reduction in the effect of random fading, As a result of the above character-
isties of the elliptically polarized antenna, its use makes the ZPI very
dependable,

V. ANTENNAE TEST TZCHNIQUE

Por the purpose of thc test, the equipment consisted of an RI
Trailer, complete with antennae, RIR unit and RIT unit; a second trailer
housing an RII rack; the third trailer housing a communication transmitter
and receiver; a Diesel gensrator set, and the necessary trucks and cables,
The communication trailer and the RII unit were interconnected by telephone,
so that the RII operator could communicate with the aircraft at any time,
The aircraft used for these tests was an Avro Anson aircraft (fabric con-
struction) equipped with two-way communication, and & Mark II I.F,F, airborne
set, pretuned to the RI frequency of 150 mc/s,

With all RII units set up and operating normelly (with exceptions
noted below), the aircraft was sent on a course at a prearranged altitude,
and the path of the echo obssrved on the PPI tube, When a question of identily
occurred, the IFF was operated for approximately 25 seconds on request by a
prearranged signal from the ground, This period allowed the unit to give a
response, after a warning up, of from 3 to 6 seconds {sufficient time to
identify the aircraft during one or two rotations of the antenna), The
aircraft operator had further instructions whereby he identified himself over
each of several towns along the route, and during the turn at the completion
of the flight before rsturning to the site,
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On the return flight, no identification was given unless re-
quested by the RII operator, All the recorded data were taken during the
incoming flights to avoid the question of the response being diffevent for an
incoming aircraft as compaved to that from an outgoing aircraft, This ocon=-
dition was especially noticeable when using the horizontally polarized antenua
with which the response from an incoming aircraft is considerably better than
that from an outgoing craft, The elliptically polarized antenna, on the other
hand, is not affected to any serious extent, During the outgoing flight, the
aircraft climbed or descended to the altitude required for the next incoming
flight,

After flights had been made and data recorded at all altitudes
required using the elliptically polarized antenna, a clutter diagrem was made
by marking the fixed echoes on the face of the tube by means of a red china-
marking pencil, A pencil tracing on tracing paper was then made from these
rarkings, The horizontally polarized antenna was then mounted in the place of
the other and the whole procedure repeated,

While the above techi'ique was being developed the unit was
situated on a very dry land site, A number of flights were made, using both
the elliptically polarized antenna and the old antenna, over two courses,

One course started over flat land and the resulting vertical patbterns are
shown to scale on print No. RI-15-76, The complete filling of the upper gaps
by elliptical polarization is demonstrated by this print, while the lower gaps
are merely reduced as is to be expected in the case of a dry site, Print

No, RI-15-77 shows the pattern which resulted from flights over rising ground,
Here again the upper gaps are eliminated by the elliptical polarization and
the lower gap only, remains but is greatly reduced, Print No, RI-15-42 sl.ows
the patterns of the old and new antennae superimposed,

Owing to inconsistent operztion of the transmitter and receivix
during these flights, the range comparison between the two antennas is un-
reliable, In fact a decrease in range is to be expected from the clliptically
polarized antenna, rather than the increase indicated, This apparent contru-
diction is explained simply by the information obtained with the old antenna
given in prints Nos. RI-15-41 and RI~15-39, The first shows the ZPI clutter
diagram taken during the flights recorded, After the flights were completad
with the o0ld antenna the transmitter oscillator tubes were replaced, and the
transmitter was retuned, with the result shown in RI-15-39, A great increase
in overall sensitivity is indicated by the greater detail shown on this second
diagram, From the above it is obvious that the ranges indicated for the old
antenna are far too short in comparison with those achieved by the new, Print
I'o, RI-15-40 shows thc clutter diagram due to the elliptically polarized
antenna under improved conditions,

These data confirm the expectations for the elliptically
polarized antenna for'extremely dry sites,

J, H. Bell
E, F. V., Robinson
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