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rPT ANTLNNA
FOR_LONC RANGE DLARLY WARNING

requirenenta:

The Pi'I (LRZW) was developed to provide an all-round
looking early warning system on 90 nc, The considorations
leading up teo the cholce of this frequency will be found in
I'RA-85%, It was recqulred to obtain ranges of 150 miles with
an azirmthal accuracy of +1 « This nmeant that as narrow a

beam vidth as possible was required, and as great a gain, To

obtain raid handling capacity, the array was to rotate at a
speced of approximately 4 r.p.its Low anzle coverage was to be
accomplished by mounting tho antenna on the top of a two-
hundred foot tower, This latter fact made the problem of
wind resistance of great importance.

Devcloned. Arroy:

A bill-board type of array was dcveloped using three
collincar arrays as radiators, rather than thc conventional
steclkts of dipoles. These collincars arc stacked in a vertical
array with the spacing bctweon collincars equal to A/2. The
collincars consist of seven half-wave radlating clenents, and
operatec at a frequency of 90 mc/s. The array is fed at the
mid-point of the centre collincar, The upper and lowecr
collincars arc fed in phase by neans of twistoed 1/2 lincs,
(1/4" tubing at 2-inch spacing i.e. Zo = 330 ohms)., A
parasitic reflector 1s inscerted 25 cris, bcochind the centre
e¢lorent of each collinear, The reflector causes the centre
element to be driven harder. This fact, accorpaniecd by the
natural power distribution along the array due to radiation,
tends to minimize tho side lobes, ’

To dcercase the bhaek to front r%tio, the ﬂrray was backed
up by a screen conposed of horizontal wires (;/12 gao. copperweld)
with approxirmately threc inch spacing, This type of screen
was chosen to mininize wind rcsistance, Thé phasing stubs of
the collinears project beck through the screen. Wherc a wire
would interfere with the stub, the wiro is cut and fastened
to the gussct platess The wire is then bonded to the adjacent
oncs.,

% NRC Report PRA-85, "Long Range Darly Warning!.
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The impodance of the collincar stacl:, haclked by thoe seroon,
is 165 ohms, This lmpcdanco is stoppcd up to 415 ohms, to match
into the coupling ring syster, This is donc by means of A4
transfarrer. The transformer nay be calculated and inscrted,
Thore arc no other adjustients in the feoding of the actual
arroye

A schematic of the array is given in Fig. 1,

The radiation pattern of the array is given in Fig. 2.
This pattern was talzen whlle PGCOLVin” on thc array. The beaon
width at hulfﬂfiuld strength 1s 18°, Hnd the naxirun size of
riinor lobes is 13%., Tho beclk rudimtion is of the order of 4%
or less. As thls antconna is to be used in conjuncticn with a
T-R system, tho cffective pattern width 1s 12°, the ninor lobcs
1.6% in power, and the. back radiction neglizib 19.

The radiators arc nade of 5/16" brass tubing, The corncrs
and "U" cnds of tho stubs, arc made of 5/16" brass rod, turnod
down and theon bent into shape., Theo radiating cloments are
supported by Johnson ;$65 typo insulators. No Insulation 1s
placed ncaror than 15 cu, fron the high-voltage end of a

adiating elements A third insulotor is placod in tho centre
of tho clenent for support, Tho cxcoptions to the lattcr aro
tho contre oclcmoents, of which ocach half is supported by two
insulators. The stubs arc supported by thrce insulators, one
on cach sido and attachod to tho frame, the third insulator is
in the centre of the "U" portion of the stub,

' The array is mounted upon o framo of 2" x 2" dressed oak,
of dirmensions 436" x 131¢" (Ffig. 3). The frome is nado in
threc soctions for casc in assoribling and eroction. The hori-
zontal reflecctor wires are hold in place by nechns of specially
constructed cyo-bolts (Fige 4). Thosc bolts arc attached to
ansle irons (Fig. 5), aleng the c¢dges of the threc secticns.
Additional support 1s given these anglc irons by bolting
adjacent onos together whon the array is assembloed, -

A theoretical interferencc pattorn of the array, nounted
upon a two hundrecd foot bower, is ziven In Fig. 6, This pattern
has beon chockod against actual flight tests. Data conccrning 1
these flight tcsts will be glven in o fortheconing report PRA-94.

1 Nre Report PRA~94, "Flight Tests for LRIW.
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IIT, Gop=-Filling Usins Dlliptical Polarization:

In order to achieve partial "up~f1111ng using only one
antonna,. it was decided to incorpcrate elliptical polarization

(sec PRA~T3)2, This was acconplished by nounting cight full-

- wavo dipolcs, vnrtica‘ly polarized, on the ganc frame os tho
collinears., Thoso dipoles are fod by means of half-wave lincs
1/8" rod at 2" spoeing Zo = 415 ohris, A schenatic of this

" arrey 1s given in Fig, 7, The centre dipoles are spaced at
slizhtly 1ess'than half-wavelength, due to physical diffilcultics
in rmounting them., The dipoles are 32 cms. from tho scrcen,

To clininate back radiation verticol wircs' were added to
the screen, Thesc wires woere interlaccd with the horizontal .,
wires forming a net of 3" nosh, Thesc wircs.were supporitod and
tightened in the samwe naonner as the horizontal vires,

The pattern of the vertical portion of the arroy 1s Fiven
in Pigs 8¢ The boam width at half voltase is 16°, ohd the
largest minor lobe is' 20% in field strength, or 4¢'in bower.
The measured irpedancst of tho array is 1”7 ohms.

To corpensate for lesser galn on the verticel arrny, -dtwo
to: (a) the smaller nwiber of dipolos and, () tho fact that
over sea water the pnwer radiatcd by the vertical elements is
disgtributed over o larger volumo of space dué to.the existence
of som® gap~filling, the vertidéal array 1s fed twice as hard
as tho hbrizontal array. The inpedance of the vertically
polarized array 1s transformed to 220 ohms. The two arrays
are then joined by tho propcr phasing length of 415 ohm line.
Tho combined array impedancc -1s then transformeqd to 415 ohms
to rateh into the coupling ring system.

As the first gap in the ground interference pattern occurs
at 1 1/2° elevation, 1.6, woll under the Broewster anzle for
land, the use of elliptical polarization for uab—flllmg will
not be effective at low anglcs looliing ovér land, Howcver,
where reflection tolktes pluce over soa wqter, the Brewster ongle
is 2° approximately, ond 40% sop-~filling in-the first ge
should be reﬂlized._ In this case, the maxirmum range on tho
botton lobe will be 1ess than thqt for horizontal polarizatinn
alone, :

. »

' 2 NRC Report PRA-73, "Part I - The use of [lliptically Polarized
' _ Radlation for Gap~Filling in tho
Vertical Pattorn of the Canadlan
ZPI Antenna® and
"Part IT~ Comparison of Horizontally
Polarized cnd Elliptically
Polarized ZPI iAntennca',
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l"'echenical Support:

The frare is supported Ly a stool truss, Figs 9, which is
then bolted to an RWG turntablo, This turntable provides the
rotating rechanism for the arrcy, A 5 hepas, 550 volt, 3~-phase
riotor -is used to drive the turntable, which rotatos at approxi-
rnately 4 re.perte The underpart of the turntable is bolted to a
snall five-foot steel tower on top of the larger tower, VWhen
tho array wasarected at the Nationall Rescarch Council Field

. Station, the array and truss woere assermblcd on the ground and

then ralsed as o complete unit to thé top of the two hundred
foot towor, Soce Photograph, Fig, 19.

Coupling Rings: -

In order to obtaln constant, balanced, feod conditlons
with é¢ontinuous rotation use 1is made of inductive cupling
rings., .Detalls and the asserbly of the system are given in
Fig, 10, This systen has been subJeé¢ted to powers.up to 300 KW
without any indication of brecalz down,

Fecdor Systeris

The feeder system originally c mmsisted of shielded,
balanced line, Z, = 465 ohms, [The coupling ring systom was
designed to match this line, and by means of adjusting the
spacing between rings, a standing wave ratio of 1l41:1 was
easlily obtained,

Subsequent use was made of a coaxial feed, Z, = 75 ohms,
This line &s terminated in a A/4 balancing sleeve, followed by
K/& transformer to match into the coupling ring: systems A
2 5/8" diametor ¢oaxial 1line was used for the two-hundred foot
run up the tower, This coaxial lino was enlarged to 4" diamoter
at the hettom of the towor to accormmodate a Westinghcuse type

spark gap system, and to fit the Amorican transnitter thon In use,

VII.Spark=-Gap Systent

The spark gap system consists of.two 4" dlameter "T" stubs,
with 1/4" inner conductor, One stub is used for T-R, tho othor
for antl-T-R, Thoe system used is shown in Fig, 11, When the
spark gap fires, it nullifies the offect of the condenser C,
presenting an Inductance in parallel with that of the shorted
end of the T, These two impedances paralleled and then trans-
formed, act togethor to give a high impedance across the lino,
preventing power from getting into the recelver,

When the gap is not firing, the effect of the condenser is
to introduce a capacitonco which resonates with the shorted end
of the Te In the anti=TeR tho rcsulting high impedance 1s
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transformed into 2 low iripodonce across the coaxial line. This
.is tronsformed into a hirh impedance across the T~R stub. On
the T-R stul) there i1s an additional tuning stub to which is
attachaed the receiver line, When the gaop on this stub is not
firing, the c amdenscr is tuncd to resonatc with tho stub as
above, ang the load prcsented across the. coaxial is depoendent
upon the characteristic irpedonce of the roceiver line, The
recelver line consists of 7/8" 0.D. coaxial line coupled to

the stub through a half-wave length of AS~4O0M telcothene cable,

To line up the spark gap systern, a video line is run from
the receiver to a test oscilloscope at the gap system., The
condonsers are thén tuned until a maxinum.31gnal Is obteainoed
from a fixed echo, This tuning is fairly critical,

The above spark gap syster: is a direct modification of the
Westinghouse systenm, except that in their systerm no usc is nade
of an anti-T=R stub. o

VIII.De-Icing:

De-icing of the screen is provided for by tieing all of the
horizontal wires in parcllel, and then currcnt 1s passed through
them from a specially designed transforrmer, The three sections
of screen arc bonded together by means of copper bus-bars 1" x
1/4%, A 4 1/2 KVA transformoer, with 110 volt primary was used
at first but did not have a high enough power rating. Further~
riorc, the power slip rings (See Fig. 10) and brushes could not
carry the high currents necessary for the primary. Corrective
measures to be appliod are to use a 9KVA transforner with a
220 volt primary, It 1s also planned to parallel two slip
rings in each slde of the line,.

Beam-Split:

In the earlier stages of development whon operational
policy was undecided, tho problem of using bcam split for
accurate azimuthal deternination was considered. A system using
the horizontally polarized array was dovised and tried expori-
mentally, The system proved satisfactory up to limitations
imposed by switching. No development was carried out on the
switching problom as the idea of boam split was discarded because
of (a) mechanical problems involved werc very great and (b)
subsequent tests showed that an ezimuthal accuracy of + 1°
could be obtained with the array rotating continuously,
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fis o nattor of Interest the proposed syster: for boan -
split, togother with patterns, are outlined in this roport,
Flgse 12 and 13 show a schematic of the systom., PFigs, -14 and
15 show tho patterns obtained., Tho mothod of oporation was
to transmit from the centre of the array, and reéeivo fron tho
cnds. Thus the array 1s split only on receiving,

To incorporate beari split would require o double coupling

ring systom in which usc could be nade of a snall ring with
luniped C for the recoiving rings

J. I, Bell,

OTTAWA
Scptorbor 10, 1943,
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