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ABSTRACT. The paper presents the resulls of an experimental study of parasitic wire-
rflectors arranged in a parabolic array on a wave-length of about 3 metres.  The aray had
2 focal lenglh of A/ and the lengih ol the wire-reflectors was A/2,  The primary anfenna
which was a gronnded verlical A/g-gerial connected to an ultra-short transmitter was placed
at the foens of the parahola and tbe waves were received by a helerodyne receiving sel
constructed for the purpose.  The relative ficld-strengths at a definite distance from the
primary antenna were then measured for different orientations of the parabolic  reflector,
The polar distribution of the field-strengths was in this way stadied :

(1) with varying numbers of the wire-rcflectors in the array with a fived spacing hetween
the contiguous wires,

(2) with a fixed number of wire-reflectors of varying spaciug values, and

(31 with a conslant valuc of the aperture for the parabolic artay of varying numbers of
wire-reflector s,

e experimental study yielded information about the dependence of forward radiation,
lolal directivity, forward-sector directivity and back radiation on the nutiber, spacing and
apertere of the parasitic reflectors in the paraholic array. A theoretical discussion of {the
experimental results has also been given in the paper,

1. INTRODUCTTON

There are generally two types of multiple antenna systems employed in
directional wireless transmission : (1) the dircetly excited system, and (2) the
parasitically excited system. In the first type all the wire-clements of the
antenna-array are interconnected by transmission lines so that the phases and
the magnitudes of the currents 'in the radiating clements are under control. In
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the second type there is a reflecting airay of wires or metallic sheets which
derives its c¢nergy through induction and radiation from the main or primary
antenna or  antenna-system.  The relative dispositions of the wires m the
reflecting array determine in this casc lhephahes.nnd magnitudes of the currents
induced in the reflecting wites.

Much work has been done on the dircectional characteristics of antenn: -
artays of the ditectly excited type and the results of these investigations have
heen utilised with much success in the commercial application of these arrays,
Similar success has not, however, attended the use of parasitic wire-reflectors on
a commercial seale, although this type of reflectors was  fiust employed by
[lertz ' (1885-50) and alterwards by Marconi.®  There may be many kinds of
parasitic wire-reflectors,  ciz., single, double, tngonal, trapezoidal, plane and
parabolic arrays.  Some amount of work on these wire-reflectors has already
heen reported.  Mention may be made of Dunmore and Engels™ ™ experiments
with parabolic grid reflectors on a wavelength of 10 meties followed by Jones '
who worked with similar reflectors on 3 metres. Faglund and  Crawford
investipated the effeet of 1dle antennas in the neighbourhood of an excited one.
More recently the directional chatacteristies of solid metal- and wire-reflectors
were studied by Gresky * 0 (2:08 metres),  Kobler © (10°8 cmn),  Beauvais
(15 to 17 cem.) and others and very recently hy Nagy " (2-5 metres),  The
comuercial pososibilitics of the parasitic 1eflectors were  indicated by th¢ work
of Yagi," Uda,'" Meissner and  Rothe,"” Merconi and Franklin,'' Clavier, "
Iisau and Hahuemann,'' Wolll, Linder, and Biaden," Kolster '™ and others.

In the present investigation an experimental study has been made of the
intensity  distribution in a horizontal plane due {o the juxtaposition of a vertical
antenna and parallel patasitic wires arranged in a parabolic array. It was
thought desirable to obtain reliable information about the cfieet of the number
and the spacing of the reflector-clements and of the aperture of the parabolic
array on the directional characteristies of such an array.  Adequate precauntion
was necessarily taken in the experimental arrangements to minimise extraneous
radiation by placing horizontally, as far as practicable, all idle and current-
carrying clements which did not form an integral part of the radiating unit.
This resulted ina fair degree of symietry of the polar radiation patierns so that
the conclusions and deductions from these polar patterns are to a great extent
reliable.  Placing the primary antenna of a small-power ultra-short-wave
transmitting set at the focus of the parabolic array, the polar energy distribution
at some distance from the reflector was investigated for different values of the
number and spacing of the wires and for dilicrent apertures of the parabolic
systemn.

The results of these investigations are embodicd in this paper and finally
some approximate theoretical formulae for parabolic array of the parasitically
excited type are discussed in the light of the experimental results.
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2 EQUIPMENT
The Parabolic Reflecior

The reflector-elements of the parabolic array consisted of SCW.(3, No. 12
copper wires of length 150 cm. (approximately hall the wave-length employed in
this investigation). T'wo similar pairabolic wooden frames of ahout q

aperture, one fixed at a height of 70 cm. above the other in

metres
a parallel position,
were fitted up with small cbonite dises 1o cn. apart and copper rods were inserted
vertically through the holes drilled through the two sets of chonite discs one
above the other in the two wooden frames.  Iiach rod could he fixed in position
by a short stout wire inscrted transversely at one end of the rod.  T'he double
wooden structure was hel L up at a convenient height by wooden supports  so that
the distance of the middle of cach reflector wire from the ground was about
115 en. . The entire structwe was so designed as to permit 300" rotation about
a vertical axis through the vertex of the parabola.  ‘I'he focal length of the

parabola was 75 cm., i.e., approximately a quarter of the wave-length cniployed
in this work.,

The Transmiticr

T'he circuit diagram of the transmitting set 15 given in figure 1 A T'ele-
funken R. K 134 valve was connected to a single tuned circuit with capacitive
retro-action. A voltage of above 250 volts was cmployed for the direct curent
supply for the amode circuit. Suitable choke coils having sell-resonance ot
approximately the working wave-length were placed with their axcs horizontal
m all the D. C. supply leads to the valve clectrodes. ‘The transmitting acrial

was practically a “--aerial and the wave-length of the radiation was 2°S8 metres,
4

The lower end of a straight S.W.G. No. 12 wire fixed in a vertical position was
vonnected to one end of a small loop of wire which was also placed in o horizontal
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FIGURE 1
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plane. ‘I'his end was also connecled to the retro-active condenser. The other
end of the horizontal loop which was about 20 cin. above ground was connected
to the earth by a straight vertical wire.  lmmediately above the loop was placed
an ammeter to indicate the comstancy of the aerial current. A sliding copper
tube placed coucentrically over the upper part of the vertical aerial was found
convenient for the tuning purpose.

A light wooden frame with a horizontal wooden board on the top protected
the components of the oscillator from wind and dust. The basc board of the
frame was fixed on four insulated supports. ‘L'he acrial supported by a light
wooden structure projected directly ahove the top board of the oscillator. Above
this board the ammeter was fitted to the wooden structure supporting the
acrial,  T'he distance of the top cnd of the aerial from the ground was 77 cmn.
The photograph of the transmitter with the parabolic wire reflector is shown in
figure 1(a), Plate X.

The Receiving Arrangement

I'he recciver constructed for the measurements of relative ficld mtcnslty
comprised a detector-oscillator unit. T'his stage was used in an osc 111atmg condi-
tion for the heterodyne reception of the waves from the transmitter. After
reetification the beat-note of audible frequency was passed through an amplifying
stage. A low frequency choke was inserted in the anode circuit of the amplifier
and a pair of telephones was connected through a large condenscr (x p F) tothe
anode end of the low frequency choke and the negative end of the low tension
battery feeding the filament of the amplifier. The low freqnency potential
dilierence across the telephones was then measured in arbitrary units by means
of a valve-voltmeter constructed for the purpose. The circuit diagram of the
receiver is  shown in figure 2(a). The detector-oscillator valve used was a
Philip's ‘I'. C. 03/5 valve and the amplifying valve wasa B 443 valve with a
suitable bias voltage to the control grid. The receiving acrial was sitnilar to
the transmitting aerial. The distance of the top end of lhe acrial from the

ground was §7 cm.

Aun A.C.8.G. valve fed by direct current was cmployed in the valve-volt-
meter  After having applied smtabk voltages to the anode and screen-grid the
micro-ammeter which was in the plate circuit was balanced in the manner shown
in figurc 2(b).  With the signal on, a change in the deflection of the micro-
ammeter was observed.  In all cases the readings of the micro-ammeter deflections
were taken with a telescope placed at a distance of about 6 metres from the
receiver. T'he complete receiving arrangement was fixed upon a wheeled carrier.



DUTTA, CHAKRAVARTY PLATE
&
KHASTGIR

Figure 1 (a)






Study of Parabolic Wire-refleciors on a Wave-length, etc. 171

V
174
At
5
- —-] > O VaLvE
) QVOLTMETER
i
— + —
G.B. L.T. H.T. G.B. HT.
H&Z@.

FI1G. 2 (b).

To make the transmitting and receiving scts as light as possible, low  tension
batteries were used separately on insulated stands on the ground.

The tuning condenser in the detector-oscillator circuit was fitted with a
long ebonite handle and once the adjustment of wave-length of the oscillation
m the detector-oscillator circuit was made by turning this handle, the position of
the tuning condenser was kept fixed throughout one sct of ohservation of the
micro-amimeter deflections.

The response curve of the receiver showing the change in the micro-ammeter
deflection for different values of current in the transmitting acrial was found to he
a straight line, except for extremely small aerial currents.  ‘The receiver current
could, therefore, he taken as directly proportional to the field-strength due to the
transmitter at a distance.

EXPERIMENTAL TPROCEDURE

The experiments werce carried out on level earth practically free from the
disturbing effect of trees, snderground circuits, etc. On the experimental site
a circle of radius equal to 75 cm. was first marked out and the antenna of the
transmitter was placed exactly at the centre. The receiver was placed at a
distance of 10 metres from the transmitting antenna. 'The straight linc joining
the two antennas was taken as the zero degree line. Scveral diameters werc
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then marked on the circle, making different angles with the zero-line so that the
parabolic reflector at its vertex could be placed tangentially along the circle
with its axis oriented at different angles (0° to 360°) from the zero-line.

At first the measurement of the relative field-intensity was made without
the  parabolic reflector.  After removing the reflector the aerial current
of  the trapsmitter  was adjusted 1o some definite value. (The
obscrvation of the aerial current was made through a telescope situated at
sonie distance from the transmitier.) T'he recciver was then adjusted and the
change i1 the deflection of the micro-ammeter in the valve-voltmeter of the
receiving set measured with the transmitter on and off. The parabolic reflector

was then brought and placed tangentially at its vertex along the circle marked

on the gronnd at the points corresponding 1o the ends of the diameters marked out
previously  Thus for these different positions the axis of the parabola made
different angles with the straight line joining the transmitting and the receiving
antennas.  Keeping the acrial current in the primary antenna the same as before,
the changes of micro-ammeter deflections at the receiving end were then measured
successively  with  the transmitter on and off for the different orientations
of the parabolic reflector.  The polar diagram of the distribution of the relative
ficld-intensity in 2 horizontal plane was then constructed.

T'hree distinet cases were investigated : .

(1) Lixperiments with a constant spacing of the reflector-cicments of varying
nunmbors and consequently of varying apertures of the parabolic reflector.

(2)  Lixperiments with a fixed number of reflector-clements  of different
spacing-valucs,

(3)  Lxperiments with a fixed uperlure of wvarying numbers of icflcctor-

clements.

In all these cases the length of the wires was 150 cm.
IEXNPERTITMENTAL RESULTS

The polar distribution of the radiation from the transmitting antenna without
the re lector was first determined.  ‘The intensity distribution was found to be
practically uniform in all directions.  T'he experimental results with the parabo-
lic reflector are given in three different sets.

Set I. Study of polar palicrs of the parabolic reflector with a fixed spacing
(20 cm.) of the refleclor wires

The polar distribution of energy with 25, 19, 13, 7 and 3 wires of fixed
spacing in the parabolic reflector was determined. A typical set of readings is
shown in table 1. The corresponding polar diagram is given in figure 3. .

—



Study of Parabolic Wire-reflectors ‘on a Wire-length, etc. 173

F1GURE 3 '

TanLg 1
Spacing : 20 cm.
Number of wires : 13.  Aperture : 224 cm, =78

Primary aerial current: ‘21 amp.

Receiver current without reflector = SpA
Orientation of the Receiver current Orientation of the

reflector. (micro-amps. . reflector.
0° 18 go°
15° 14 270°
345° 16 120°
30° 10 - 240°
330 12 150°
60° 210
300° 6 180°

)

Receiver current

(micro-amps.).

2

3

Figure 4 is constructed to represent graphically the change in the beam-shape
with the change in the aperture of the reflector and consequently with the change

in the number of wires when the spacing is kept constant.

The receiver current

qu for any particular orientation ¢ of the reflector is divided by the value of the
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90’ } 7 270°
N =25 ———— APERTURE +37A
N=19 —————- »w 1097
N = |3 rmeeccrneroonce ') “T8A
N o= 7 svomacnasnn ’ 41 A
N B " 147
SPACING=20CM.=2;, LENGTH OF

e
WIRES® % A=288CM.

FiGurE 4 ’

receiver current 1 without the reflector. This ratio is then cxpressed as a percent-
age of the maximum value 1, in the forward direction. I'hese percentage values
are then shown for different orientations of the reflector in the sector 270°, 0°
and go°. ‘The data for this comparison diagram prepared from the rélevant
readings of the different polar patterns are given in table 11.

TasLg 11

Percentage values of : _* /To
Orientation of the reflector. I
N=25 N=19 N=13 N=7 ’ N=3
o° 100 100 100 100 100
15° 73.2 74'0 77°8 857 94°3
345° 86°7 851 889 92'8 94'3
30° 432 518 556 57'2
330° 606 667 66-6 71°4 €o'3
60° 167 22°2 222 42'9 3715
300° 132 14’7 333 37°15
90° 33 37 1171 286 17°1
270° 33 73 16°7 21°4 229
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The lateral and back radiation for the reflector within go® and 180° are
depicted in figure 5. The ordinates are the values of the receiver current in per
cent. of the maximum forward radiation. In table 111 arc given the data.

lo\

5 Nei9 il
N=15

90° 100" [ID° 120° 130" 140" 150" 160" 170" [80Q°
—+ ORIENTATION

FIGURE 5

TanLe 111

! Percentage values of : 1"’/ Tp
Orientation of the reflector. l I

|
N=25 ‘ N=19 | N=i13 N=7 N-3
90° 13 i 37 I 286 17°2
120° 33 ! 37 555 11°3 114
. 150° 3.3 | 37 5'55 143 86
180° 67 1 37 585 143 57

DEDUCTIONS FROM THE POLAR PATTERNS (SetI)

Before setting out the deductions from the above experimental study, the
different symbols and terms used to characterise the directional properties of the
parasitic reflector should be clearly defined :

I=length of the reflector-clement.
S=separation of the reflector-elements.
2a=aperture of the parabolic reflector, i.c., the straight-line distance between
the two outermost elements in the array.
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N =number of reflcctor-elements in the array.
¢ =oricntation of the rcflector from the 0°—180° axis.
1=receiver current without reflector.

I¢ =receiver current with reflector for any value of ¢.

1, =forward radiation, i.c., receiver current when ¢=o.

pu= power amplification Jactor of rellector, i.c., the ratio of the receiver
current with reflector for ¢=o to the receiver current without reflector,
[/‘=10/1J-

8= lolal dircclwily, i.c., the ratio of the area of a circle with radius I to
the arca of the entire polar pattern.

A= forward-seclor directimly, i.c., the ratio of the arca of a semi-circle with
radius 1, to the arca of the polar pattern contained within the sector
270°, 0 and go°.

A=hack radiation, i.e., the maximum value of the current in the sector

180° and 360° expressed in per cent. of 1.

9o°,

8,50 ° = valuc of the recciver current for p=180° in per cent. of I,.

In table IV arc given the values of p, 8, A and B for the polar patterns of

Set 1.

TapLe IV

S=20cm.="06gA ; A=2"88 metres

No. of wires. l Aperturce. l ® 5 o Bigo’ B
25 1378 33 79 39 67 | 67
19 1.10A 3o 71 36 37 7'4
13 "78A . 2’2 6's 3°35 56 166
7 "41A 1’8 14 2’s | 1473 285
3 147 2'3 51 27 57 22’9

In figures 6(a) and 6(b) are illustrated the variation of p, 8, A and B with
the change of aperture of the reflector.
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The following is a swmmary of these results with conclusions and  explana-
tory notes :

(1) With a constant spacing (20 cm.) and a constant length (150 e,
= ): ) of the wires, the forward radiation or the powcer-amplification factor of
the reflector was found in general {o incrcase with the inercase of aperture. A
diminution was, however, observed for o'41A aperture.  From considerations of
phase relations it is  evident that  forward radiation may not continuously
incicase with the increase of aperture and may actually show o diminution for a
certain increment of aperture.  When the aperture is incrcased by the addition
of an element to each side of thic axis of the reflector, the phases of the field duce
to these added clements may be such as to cause ‘ destructive interference ’ so
that the forward radiation may be ‘ nullified.” Additional clements will, how-
ever, compensate for this diminution and forward radiation will then increase
with aperture till an unfavourable aperture-value is attamed where the condition
for destructive interference will prevail.  ‘I'he forward radiation is expected
accordingly to reach a limiting value, when with {further addition of wires the
outermost reflector-elements will not materially contribute either additively or
subtractively, since the induced currents in these outermost elements will
nceessarily be small. This limiting aperture according to Gresky, Kohler and
Nagy is in the region of 1'gA—1'sh. It will be scen from ligurc 6(u) that
the forward radiation tends to approach a constant value for the larger
apertures.

5
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(2)  With the same spacing and  the samce wire-length, the forward-sector
directivity increased in general with the inercase of aperture and so also the total
dircctivity. (Sce figure 6b.)

It is to be emphasised that the consideration of the phase-relationship is of
prime jmportance. The apertire cannot, therefore, be always an  index of
amplification and directivity. It will be shown Jlater that the amplification
and the directivity of the reflector are altered by changing the number and the
spacing of the clements cven with the same aperture.

(3)  Uuder similar reflector conditions the hackward radiation seemed to be
reciprocally related to the ampiification and the directivity, i.e., a large amplifica-
tion or directivity was found to he associated with a small back radiation. ‘I'his
is illustrated in figure 7 where the back radiation is plotted against amplification.
1t will, however, he shown lafer that this state is not generally truc.

ot
~n
T

g
—s  Bacx 3aziavion 81 %
& B
L] -

wn
——

. —_ .
10 20 30 40
—+ ForwaRD RADIATION

(2]

F1GURE 7

(4) Under similar conditions, the general naturc of the variation of back
radiation is a gradual diminution with the increasc of aperture with a tendency to
approach a stcady value (figure 6a).  ‘T'his should be so, since back radiation is
determined principally by the elements in the neighbourhoed of the vertex of the
parabolic array.

Set 1I.  Study of polur palierns of purabolic reflector having a constant
number of reflecting wires with different spacings

Polar patterns of a 7-wire parabolic array for six different spacings (10 cm.,
20 cM., 30 cIn., 40 cm., 50 cm. and 8o ecm.) were constructed.
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SEVEN-WIRE REFLECTOR :

4

— ]

v lo 20 30 40 50 6o 70 80 %0 ¢n
—* SPACING IN My

I"igure &

The@power-amplification factor g, the total directivity 8, the forward-sector
directivily A and the back hadiation 5 are  calculated  from the experimental
diata,  ‘I'hese are incorporated in table V. ‘The results are illustrated in
figure 8,

TAnLE V

7 wires A=2"88 metres

Spacing, Apcrture. m ] A By’ B
10 cm. = "035A 20°5 cm 1'71 4709 2°54 07 25
20 cm.=06gA 40’4, 2'50 679 4'26 10°0 20
JO cnn = "10A 50°3 2'23 887 1'84 01 10°20
40 cm, = ‘T4A 8o, 3'06 g0y 196 40 12°24
50 cm ="17A o0'o 333 9’05 57 3’3 0’0
8o cm, = "28A 3055 . 4'25 7'08 3'65 2'94 5'88

]
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DIEDUCTIONS FROM THIE POLAR PATTERNS QSRET II)

(1) Using a 7-wire reflector of constant wire-length, the power-amplification
factor was found in genceral to inercase with the increase of spacing. It is expected,
however, from consideration of phases that the forward radiation may not always
be an inercasing function of spacing. In our experiment, the forward radiation for
S=30 e showed a diminution and  increased  again with the  increase of
spacing.  (Sce figure 8.)

(2} With the same number of wires of constant length, the total directivity
and the forward sceetor directivity were fonnd to increase with the increase of
spacing, cach attaining a maximun in the region 5o cm. (-17A) after which
there was a diminution,  (Sce figure 8).

(3) Under similar conditions, the back-radiation at 180° was found to
diininish continuwously with the spacing tending to approach a constant value.
(Sce ligure 8.)

Sct o 1L Study of polay putterns of the parabolic 1¢fleclor of constun!
apertwre with differenl swwmbers of wires

Polar patterns of the parabolic artay with 1374 aperture (395°5 cm.) having
25 wites of spacing 20 ¢, 13 wires of spacing 4o cni., 7 wires of spacings8o cm.
and 3 wires oi spacing 240 ¢ were constructed. .

The values of power-amplification factor, total directivity, forward-scetor
dircetivity and hack radiation caleulated from the data are given in table V1.

I'anra: VI

Aperture= 1-37A A =2-88 metres
No. of wires. | Spacing 8 u ‘ ) | A l A B%
l ! | - B
KIS 20 cu. ' 3'33 7°7 3702 606 606
13 4o cn, | 35 ! 6-03 3-50 36 7'1
7 8o cm. Y 5 : 708 365 2'04 588
3 240 ¢, I 37128 i 12°08 a1 16 16
i

These results are illustrative of the statement previously made, wiz., the
aperture is not always an index of amplification or directivity, for with the same
aperture we see an increase or a decrcase of forward radiation or directivity with
different numbers of wires of varying scparations. Again, it is not generally
true that back radiation is small when the directivity is large or vice-versa. Itis
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clear from table VI that with 3 wires of 240 cn. spacing, the back radiation was
considerable and the directivity was also large.

.. THEORY OIF PARABOLIC ARRAY OF PARASTITIC WIRES

An approximate theory of the parabolic reflector has been worked out by A.
Hund by the application of Huyghens’ principle according to which the radiation
can be imagined as being due to fictitious radiators which lie in the front face of
i{he reflector.  The directional characteristic (in a horizontal plane) of a vertical
antenma with a parabolic reflector is accordingly given by

. T
sin a sin ¢
A

R ()

F. Ollendorff has also derived a similar formula for the ficld-stiength in a
horizontal planc of a parabolic array of vertical clements.  Counsidering the effect
of the reflector as equivalent to that of a metallic sheet carrying a current of
constant amplitude, the expression {or the ficld-strength is given by

pr :l\'{ sin«(2m[A.a sin ) 0

sin ¢

. 1;
where K=-2
TELCT

I=length of the reflcctor-element ;
i=current density ;
¢, =dielectric constant of vacuum ;
r=distance from centrc of aperturc to receiver ;
c=velocity of light ;
a=half aperture of reflector ;

and ¢ =orientation of reflector from the zero degree line.

We shall now examine Ollendorff's formula and see how far it agrees with our
experimental results.
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I. Forward Radialion

By differentiating the numerator and the denominator of (z2) separately, we
can ohtain the maguitude of the forward radiation from

cos [ == sin ¢ - Cos ¢
I =K e - ——
¢ cos ¢
. 2K . . . :
On putting ¢=o, wec get 14=1~L.a, where k=~);»—-. This relation is only

approximatcly satisfied within a limited rangce of apertures as is evident from
figure 9(b) where the results of our experiments (Set I) are compared with the
results expected according to Ollendorfl’s formula.

11. Forwurd-Scclor Directivily

The values of forward-sector dircctivity A arc computed from the polar dia-
grams constructed according to Ollendorfi. The theorctical and the experimental
values in aibitrary units are shown for comparison in figure ofa). The similarity
only lies in the fact that both theoretically and experimentally there is an increasc

of A with aperture. .
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It should be remembered that, for Ollendor{f’s formula to hold. the arrays
<hould produce cficets similar to those of metallic sheets.  According to Blake and
. . . P N
FFountain 29 the spacing must then be = ..r *-. Complete agreement with theory
3 4]()

)
J
is not, therefore, c¢xpected since the spacing employed in the experiments, the

rosults of which are considered here, is about A.

6, SUMMARY

The results of an experimental study of a parabelic wire-refllector on a wave-
length of 2°88 metres are given in this paper. ‘I'he parabolic array had a focal

A . .
iength of about ~.  The main results of this study arc enumerated below : —

(1) With aspacing of "069A (=20 cm.) the a constant wire-length of A , the

P

forward radiation and the directivity were, in general, found to mercasce with the
increase of aperture. A diminution was, however, noticed at a certain increment
of aperture.  ‘I'he range of aperture was from "14A to 17374 and the number of
wites was varied from 3 to 25. There was an indication of a limiting value of
the forward radiation for the larger apertures.

(2) Under similar reflector conditions, a large amplification or a large
directivity secemed to he associated with a small back-radiation and the latter was
found in general to diminish with the increase of aperture.

(33 Witha scven-wire.pumbo]ic reflector of the same  wire-length as hefore,
the forward radiation was found in general to incrcase with the incrcase of
<pacing. Under similar  conditions the total directivity and the {forward-scetor
dircetivity increased with the increase of spacing, each attaining a maximum in
the region 8="17A (=50 em.). The back-radiation at 180° was found {o
diminish with the increase of spacing with a tendency to approuach a constant
value. ‘The spacing ranged from ‘035A to "28A.

(3) 'T'he aperture was not always found "to be an index of amplification and
directivity ; for, with the same aperture, an increase or a decrease of forward radia-
tion and directivity was observed with different numbers of wires of varying
spacing values.

(5) 'The statement in (2) is not also generally true, for working witha
constant aperture, sometimes a large directivity with a 1clatively large amount of
back-radiation was found, depending on the number and the spacing of the wires.
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T'he experimental results have been used  finally  to discuss an approximate
formula deduced by OllendorfT.
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