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1. (Ceneral Description

The FAW is & mobile P'orward ares warning set for army use.
Hpecifications call for complete coverage on wll aircraft in the .range
20 to 0 miles up to an altitude of 30,000 feet, and azimuth accuracy
of + 5°, These requirements are purtially met by the present ZPI, so
that the substitution of an antenne with greater gain than the ZI'I
antenna, and having vertical gap filling, would allew the present JPI
transmitter and receiver to fulfil the requirements. This procedure
minimizes the need or new production lor the FaW set,

The type of antenna decided upon is very similar to that used
with the British Lii set, which was designed to serve tae same general
purposes us ra%. It consists oi four horizontally polarized Yagi antennas
mounted at the four corners of & verticul rectengle. The Yagis are
supported on detachable wooden trusses which mount on the standard ZFI
s-frame.,” The array may be thought of as & vertical stack of two entennus,
the upper and lower entemnas each consisting of & horizontul row of two
Yagis. ©he two Yagls in each horizontal row are {ed in phase at all
tinies, producing a sharp horizontel radiation pattern., Gap filling is
provided by feedinpg the upper and lower antennas either in phuse or in
antipnase, at the will of the operator, As will be suewn later, the
two vertical petterus thus produced fill ewch other's gaps. The phase-
to-antiphase switching is accemplished by a selenoidal relay mounted
in the rotating antenne fremewerk, und mey be understood by referring
to Dwg. ifo. %42. This diegrum slhiews the twe cebles leading from the
upper and lewer pairs of Yagis, and the metching transfermers an these
cebles et the point where the leads from e pair of Yugis are paralleled,
Since the cnble is metched und hes an impedsnce of 136 ehms, the impedunce
at the Jjurction point is 8 ohms. Thus a quarter wuve trunsformer of
96 oluis impedusice is required to return to the 136 oln: impedence of the
cable, cnd fortunately this is eusily ohtained by slipyping « elosely
fitting brass tube over the unscreened cuhle for & quarter wavelength at
the junctien.

Fower to operate the solenoidul switch is curried into the
entenna fremework by mesms of slip rings mounted inside the KF coupling
ring assembly. Dwge ilo. L.RC~kI/C~55-D shows the tssembly of the four
Yegis on the rotuting treme, and indicutes the positions of the selenoidal
switch end phasing lines. This drawing does not show the telcothene
cuble feeders extending from the phusing network to tie four Yagis.

The whole urray mounted in position on the trailer is shown in photograph,
see Iigurs l.
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2. Uesign of a Single Yugi

The cssembly @f & single Y: =i is snown in iwgz. ilo. LnC-RL/C-44—B.
The design of tnis Yagi mcy be summetriced as follows:

(1) 411 elements are 3,/8" diamcter rod or tubing, mounted in
&1 1/2" x 2 1/4" wood member.

(2) The radiatir is a fglded dipolc, leugth 86.7 cm, spacing
between fed and folded parts A,1 cm, centre %o centre,

(3) Eeflcctor is mounted 24 cm behind the radiator, length
104 cm.,

(4) iirectors zre five in number. The Tirst four are 85.5 em
leng, and the end direetor is 72 cm lone. 4ll directors
ars spaced 67 cm,

(6) Input impsdeuce to folded dipole at 150 mc/% is 136 ohms
resistence.

(6) mMeasured harizontal rodiction pattern ut 150 mc/s is
shown in Dwg. No. NRC~-R1/C-103~4,

{7) #eesured free space vertical radistion puttern at
750 ms,’s is shown in Uwg. lioe BLC=RI/C~104-4.

$. Horizontel iediation lutterns of the arrey

The horizontal rrdiation pattern of the whole four Yapi array
is the rosultunt of mounting twe Yrcis 2t a horizontal separution of
8 ft. 6 in. = 259 cm. This pattern, as meusured at 150 mc/% with the
upper oand lower antennas connected in phise, is shown in Lwge Tipe HKC-
RI/C-95-4. ‘

The beom width 2t nelf field strength is 26°, which is suffi-
ciently sharp to give considerably greater azimuthal accuracy than called
for. It will be seen that spurious lobes are nowherc greater than 20,
of the main beam, so that when the scntenns is used for cormen transmitting
and receiving, spurious echj@ﬁﬁ&fe not observed. Since vsriations of
frequensy are bound +to occur¢§ﬂ§bractice, the hori.ontel putterns at
145 mc/s and 153.5 me/s were measured cnd are shown in Dwge Ho. hﬁG-Rl/b-
102-4 and 105-. respectively.

The horizcntal pattern of the array at 150 mc/% with the upper
end lower antennas in antiphase wus difficult tq measurg, due to the
small ampunt af horizontul rediction produced when the wntennus are con-
nected in this way. Tie diffieulty was pbviated by riee.suring the puttern
at an angle of elevation ci sbout 18°, und the result is chown in JWEe
No. NKC-RL/C-98--A,
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The free space power gain of the whole arruy in phase ever &
simplc dipole hes been celculuted from the radiation putterns, and found
to be 39.

4, Vortical uncdiction Totterns

Culeulotion of tne verticel rediction patterns over & ilat
eartn for phesc nd wntiphuse connections is earried out in the following
steps:

{1) iho curth is essumed to be perfectly conducting, wn
1ssumpticn wnich is justifiable for horizontal polurizcotion.
o etrth is zsswacd to be flat everywherc within t radius

o cbout 1000 feet cf the antenna,

(2) Sincc @ horizontel row of twe Yaugls hus the sume free
spuce verticel pattern as & single Yagi, the single Yugi
pattern is used os « busis for calculation. {(Lwg. Yo,
WLC-RI/C~104-4).

(3) The “"ground ruflection factor", 2 sin (2ni sin &) is
2
calculsted ror the upper (/A = 4.10) wnd lowsr (4/M = 2.60)
sntennes, tuking intervels of tne engle of elevetion, O,
of one or two degrecvs.

(4) #%:ch ground reflection feaetor is thon multiplied by the

single Yegi frec spuce vorticel pattern, sud the result

is the vertical pattern of each of the upner and lower
antcounas in the presence of ground. (flotted in wg. Fo. 340)

(5) To obiain the "in-phuse" vertical pattirn the two vertioul
patterna of Dwg. Ho. 340 arc added; to cbtein the "enti-
phase" pattern they wre subtracted. The results ere plotted
in Dwg. Lo. 541, which eleurly shows the gup filling action
of the antennt.

5, Calculution of Renge-deight Diegrom

Celeulation of %hz theoretical range-height visibility diagram
fear the F.'/ my be carried out fairly simply from the vertiewl patterns
of Dwg. iic. 941, T e renge of un RDF sot slong any rudius vector drawm
from its site varies as the fourth root of the transmitted power, and
hence veries os the squere root of the trunsmitted field strengtn, 1In
our case the sntenns is uscd for both trensmitting und receiving, se that
its field strength pettern is efrcctively squuareds Thus the meximum range
in eny direction s propertienal to the field strength in that direction,
as plotted in Dwg lig. 341, and it is enly necessary to fix the absolute
scele of runge., 1his is done by estimating the maximum range to be
expeeted of the F' ' from the kngwn maximum rentes of other wDF sets with
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knewn typoes of antennas. Such estimetes gove sanswers for the maximum
range of the FaAVW on smell cireraft runging from 65 to 75 miles. The
vuluec of 68 miles has been chosen for eculeulation.

The follewing stops ocre n-ow taken in the cealculatiang

(1) all the field strengths of Dwge lio, 341 ure multiplied by
o facter which mukes the maximum field strength of the
"in-phese" pattern equal to 68 miles slunt range.

(2) These slant ranges und the angles at which they cecur
are corverted th ground runges in thousands of yards und
heights in thpusunds of feet,

(3) The foregping values are corrected for the geometrical
ef'fect ¢f the ocurth's curvuture, by subtrecting irom the
verious hecights the amount by which the curth's surface
hes dropped beneath the tungent planc ¢t tho FAW site.
Iio attempt hos been mnde to take sccowt of diffraction
or refraetion effects. The resulting vealucs are plotted
ts curves < maximum visibility in the renge-height
diagram HRC-RI/C-55=D.,

6, Comparison with Experiment

-

in cddition to the celculated runge-height curves, Dwg. ito.
HRC—RI/@-SS-D shows the results ot flight tests with « controlled circraft.
Two types af uircraft, Bolingbrgke and Hudson, were used, and compurison
tosts showed that maximum ranges gqbteincd with the two types are identicel
within experimental error. The flight test technique consists of sending
the eireraft out at a specified height on a straight line radial course
from the FAV site. Some time after the sircruft's echo hus disappeared

on the outward flight, instruetinus are given for the aircraft to turn

and fly streight back towards the test site, maintaining a constent
altitude. 4ll recorded obscrvatious arc m.de while the uircraft is on

the return flight, so tuat the o¢ffects ar aspect aure climinated., Tne
uppearance snd disappewrance of the eche on the PPI tube are neted,
together with a rough estimate ¢f its intensity.,

A number of test runs were made at eltitudes ranging from
2,500 to 23,500 foct (the ceiling of the Hudson aircraft). Reglons in
which the terset wes visible are plotted as horizentul lines in Dwg.
Yo. NKC-RI/C-55~D, and it will be scen tirt the agreemeant with thoary
is good, The flight test results have been smoothed inte the experimental
vertical radiastion pattern of bwg. No. NKC-RI/C-82-D, which is plotted
80 45 to show true angles of elevatign.



7. Conclusion

et e st . .

The Pt entonna wus desipned to give meaximum runge at low angles,
and to do this the high «ngle eover is of course reduced. It will be noted
fram the flight tost results thut sbscrvetions at rences less than about
20,000 yunrds are not as goed «s with the ZPI, especis 11y =t high wltitudes.
This is pirtly the result of increrscd ground clutter duc to the ircrewscd
entem. puing .nd purtly duc to & gup in the puttern ot an clevetion ef
2€°, The short range performence is of no importence in a wurning device,
but it does wean thet this set would be less sutteble than the LEI for
trensferring tuerget to the art.

The flight test rusults imdicete thrt, far sevrching, the
ontennas will normally be gpersted in phese. However, wn aircraft flying
at 33,000 foet could wpprouch to within 56,000 yurds before being ssen
with the antennus in phuse. Thus the untiphase conncetion should be
used periedically to check for the presence of distunt high flyiug vir-
craft.

ke E. Bell
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