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The Adjustment of the lesding=in cirouits of the

Short Wave Arrays at the Burpham FEadic Station.

General.
The Burnham Eadioc Station, Somerset, is & receiving station

for telegraphic sigmals from ships in all parte of the world and
works in eonjupnction with the transmitting station at Fortishead.
Ships' short wave transmitters operate within tie frequency banda

B.2 = B8.50 megeoyoles.

11.0 = 1ll.4 "
12.3 = 12.8 n
16.4 - 17.1 '

Three arrays were erected at Burnham prior to 1%33 and seven

during the summer of 1933. Each of the ten arrays is directed
on ome of the four main shipping routes of the world. Arraye
have been erected for working eech route on the wavelengths commonly
used. Details of the arrays are tabulsted below.-
Ko.of Direction of main beam |Deagrees E. of K.) Folar |Deam
Wavelsngth arraye a. =iam= Width
pro= tion | dn
vided Legrees
3 Eg* o
35,856 m. 4 Dor 1B0 # |40 or 220 ¥ |78 or 2568 ¥ |109 or 289 | Hordi- | &0
zon=
tal
A3 x
26.8 m. 2 78 or 268 ¢ |109 or 2BY \'-:i.i 30
-g
23.9 m. 13{ 0 or 180 ¥ |40 or 220 ‘h’a{ti z0°
-oa
23.9 m. 108 or 288 | Hordi- | 40°
egontal
17.9 m. 1 289 * Hori- | 40®
zontal

Fote (1] *Erected befors 1933.

Nota [ 2] The width of the beam may be defined ms the angle
between the first minima on either side of the main beam.

Lrawing WL. 6867 shows the directicna of Flett's Zenithal
Agimuthal Graticule, which givee the true distance and direction of
all parts of the world from Lomdon, and to a suffislent degres of
accuracy from Burnham.

One array, the 17.9 m., has a reflector, and has therefore
enly one main beam; the other arrays have no reflectors and have
therefore two main beams spaced 180° apart.

The pairs of arraye, marked ¥ in the table, having the same
orientation are supported betweem the same masts with a spatial
separation of 12 feet. In each case a 35,86 m. horizontal array
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is ampocisted with & 26.8 m. or 23.9 m. vertical array, thus minim-
ieing any possibility of intearaction. The 23.9 horizomtal array
is not assccisted with any olher array.

In addition to the above arrays vertical doublets glving

omnidirecticnal facilities are provided for each of the above wave-

lengths.

Lead-in arrangements.

The arraye are connected to the receivers by two-wire irans=-
misgion lines having & surge impedance of 600 ohma {200 1b. cOpper
wire at 9=inch spacingl : At the receiving building the lines are
teruinated on insulators on a gantry some 10 feet from the lead—-in
windows of the receiving building; oconnection between the pantry
and the lead-in windowas of the receiving building being made by
means of a tapered transmission line, the spacing changing from 8"
at the gantry tc 4" at the lead=in windows. This was found to
reault in a terminal impedance of 500 ohms at the window when the
remote end of any individual line waes terminated in 600 ohms.

kethod of matehing impedances.
The high frequency impedance mesasuring set, which will be
described in a subsequent Hadio Keport, waes used [or the messuremsnt

of impedance. The messurements made and the results obtalined are
desoribed belew after & brief deseription of each type of array.
Drawings WL 12183/4/5,/6 show the results obteined.

3B.B5 m. H o (8

Each of these arrays consiste of two panels composed of two
half-wave doublets conneoted by & vertical transmission line half a
wavelength long, the connections of the upper doublets bedng trans-
posed to obtain the correct phase relatiomship. Toa the base of
each of the panels a two wire transmiseion line, ome wavelength long,
of 200 1lb. copper wire with 9 inch spacing was connected. The
impedance frequency characteristic messured at the end of one of
thess lines showsd that the maximm impedance cccurred st a wawe=
length of 37.0 m. The length of the line was reduced until the
maximur impedance (/,000 ohme, /0° | was messured at 36.86 m.; the
length of the line was then B4 feet less than a wavelength. The
line from the other panel wes then made the same length and the
corresponding wires of esch line joined and extended by a 600 ohm

lines half a wavelength long. The impedance messured at the end
of this was 1,500 ohms, /0° , at 35.85 k. For convenienmce in

matching to the main tranemission line, the Jength of this subsidiary
tranamission line was reduced from one half to one quarter of a

o
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wavelength, thus the impedance was 240 chms /0° . A matching
line had therefore to be made to transform from 240 ohms to 600 ohms;
Ite cheracteristic impedance should be 380 chms. A two wire

line of thie impedance cannot convenlently be obtained by reduclng
the spacing between the, two conductors, so a four wire line was
constructed comslsting of tiwo pairs of wires, each pair bedng
connected in parallel. The spacing between the wires forming

the pairs was ¥" apd the distance between the two pairs 24",

The impedance of the array measured at the end of this matehing

line was 600 ohms /0° at 26.85 m.

The main transcission line was comnected to the end of thia
matching line, and exténded to the recelving room. The impedance
measured there was 500 ohms, /0° , st the mid=band frequency, snd
varied betwesn 200 and 1,200 ohms over the working band.

The dimensions obtained in matching the first array were used
in lining up the others, check measurementa belng made at the ends
of the feeders and matching lines during constructiom. The
impadance frequency characteristic cof each array as measured in the
receiving room 1s shown in drawing W.L. 12183, In this drawing
end subesquent drawings showing impsdance frequency characlieristica,
the measured resistance is that resistance, which, in parallel
with some undetermined velue of capscity or inductance, will give the
gams lmpedance as the array or transmission line at the particular
frequency under consideration.

Somewhat different feeder lengthe were found to be nécessary
for the 36.86 m. array erected prior to 193) =s this weas originally

deaigned for & wavelength of 36.1 m.

26,8 m. apd 23.9% m., Vertlcal Arrayn.
Each of theass arrays consisie of aix vertical half wave doublets

connected at intervals of a half wavelength to a horizontal trans-
mission line. A two wire line is connected to the cemtre of thia
line. The connections between thc doublets and this two wire
line are made in such & menner that the correct phase relationships
ars obtained.

keasurements were first made on one of the 26.50 m. arrays.
The length of the line from the array, at the end of which a non-
reactive impedence (200 ohms] was messured st a wavelength of
26.6 metres, was 981 fest (12 wavelengths = 110 feet]. A
matching line having & characteristic impedance of 340 ohms waa
copstructed to match the impedance of 200 ohms to that of the
main 600 ohm transmissiom line. The matching line comprised four
wires, each a quarter of a wavelength long, supported on insulatirs,

at the corners of a beinch square, adjacent paire being joined
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together at the ends. Une end of the matching line was connecied
to the end of the line previcusly messured, ite specing of § inches
being maintained up to the junction with the matching line. The
impedance messured at the end of the matching line was 00 chus at
a wavelength of 26.8 metres. The impenance frequency character=
istic as messured in the receivipng room ie shown in drewing
WL 12185,

Similar wessurements were made on the other vertical arraye a

pimilar construction of matching lines being adopted.

£3.9 m. and 17.9 m. Hordzontal Arrays.

Each of these arrays consista of three panels, those of the
23.9 m. being composed of three horizomtal half wave doublets, and
those of the 17.% m of four, spaced at intervals of half & wave-
length along a vertical transmission line. The penels are
connected together by two wire lines, approximately 1 wavelengths
long from the outer panele and half a wavelength long from the
centre panel. The lengths of these lines were made such as to
present the maximum impsdence at the working wavelength. The

lines from the three panels were then conmnected together and extend-

ed by & two wire transmissicn line half a wavelengih long. The
impedance of the 23.9 m. array meesured at the end of this line

was 600 ohms /0% at the mid-band fregquency. This was reduced
to B00 chms by redusing the spacing betiween the wires of the last
quarter wavelength to five inches. The impedance of tne 17.%m
array was 600 ohms, so that no matching line was required. Lee

drawings WL. 12184 and 121B6.

17,9 m. Botating Array.

In addition to the arrays already described, there existas a
small 17.9 m. array mounted on a turntable, the rotation of which
is coptrolled from the receiving room.

The array consists of two panels complete with reflectors,
each panel being composed of two horizontal half-wave doublets
connected by & vertieal transmission line half s wavelength long.
The ends of the elemen s of the doublets farthest Irom the centre
of the array are vertical owing to the restricted length of the
turntable. Lines from the pansls are supported on insulators
close to the steelwork of the turntable and are combined at ecpper
brushes which wake contact with two sliprings. Leads from theas
sliprings are carried close to the ground before entering the
rageiving room. It is believed that the feeder aystem could
be improved by the insertion of a transformer arranged as shown in
drawing WL. 12247, and atspe are being taken to put this suggestion
into effect.
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Fesults of lining up.

Ko means ware available for messuring the gain of the arrays,
but their uwee during traffic periods showed that they gave consider-
ably better reception than the doublets, which had been found
correctly matched. Interference could be much reduced by the use
of the array directed towarde the trapsmitter.

To obtain the best results with these arrays it will be
nacassary for the imput eireults of the receivera to pressnt an
impedance of 500 ohms, balsnced to earth; and for all the wiring
between the lead in windows and the receivers toc have a surge
impedance of 600 ohms.
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