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AN ANTTFADING AFRIAL OF THE RING TYPE FOR MEDIUM FREQUENCY
BROADCASTING

Introduction:

The subject of ring aerials ms been covered by an earlier report
of the Australian Proadcasting Control Board.(u The conclusions reached in
that report were tased on the assumption that'31l the aerials in a ring
aerial system were of the same height, This repert extends the st:dy to
an aerial system of the Vo type in which the cemtral aerial differs in
helght from that of the aerials in the ring, It was suggested oy M.

H, Freeman of the Superintending Engineer's Branch of +ths Fostmaster-
General's Department, Sydney, that an aerial of this type would be
advantageous in the case of 2CR Cummock. This report originated from
investigations made of this suggestion, .

General Considerations:

The anti-fading properties of an aerial may be calculated
using data obtained from the vertical polar diagram, FKaowing ths
reflecting layer height and absorption, an estimate may be rmde of %the
incident sky wave field intensity at the point on the earth where the
wave meets 1t. This is compared with the ground wave at tia % peint,
Severe fading is encountered when the two fisld intensities epproach the
same value. It is considered that a ratlo ¢ 2 : 1 for the ground wave
and 10% quasimaxirum sky wave field intenslties is recegzary Ior accepteble
reception,

The optimum vertical characteristic is one which establishes
this 2 : 1 ratio a% a mxizum distance from the aerizl, Hence the
criterion for an antifading aerial design is to make iz aerial as highly
directional as possiblie along the horizon with as 1istlie radiation as
possible at angles above 30° elevation,

In the design considered in this report a csntral aerial has been
chosen which gives the hlghe st concentration of radiation along the horizoo,
This aerial also produces a large lobe at high angles of elevation., A
suitable ri ‘ng aerial is used to reduce this lobe, by the process of phaes
cpposition of the radiated fleld with hat of the central zerial,

A single vertical mast fed simu taneously at the bass a2 at e
centre also produces an antifading characterisiic, ) wa'lch is marred by a
large lobe at high angles of elevation as the angté’/af sero radiation s
increased from the vertical, Such an aerial mey be more altmaciive
economically than the proposed aerial if +he dezired angle cof zc
14

. § . : X ’
radiation is 40 from the wvertical, wve s ghown in ref, 9 Inlicate that
for a half wave mast, the high angle Tobe becomes excessive for angles

of zero radiation greater than 407 from the wvertical.
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The vertilcal polar diagram of a Jo type r*ng aerial for which

/7/\7; < and /7 << A is an almost perzecg replica of that
obtained f’rom a 0639\ aerial at elevations above 457, A combination of
these aerials would therefore be expected to produce an antifading
characteristic provided the plese between the two fields does not changs
from point to point on the surface of a sphefie with tlie aerial at its
centre,

The theory shows tlat a phase chan ange dces occur due to a change
in phase of the current alon ng an aerial, It may be expected that this
would be relatively wnimpartant where all the aerials in the system are of
the same height, but special care must be taken when aerials of different
height. are used,

Calculat:.ons below give the vertical radiation characteristic)
the effective radiation resistance, end ths approximts percentage power
lost for a central aerial of height 230 elsctrical degrees (,639 Wa\fe7encrun)
swrrownded by a ring of 6 aerials 0,2 wavelencth in height at a radius
of 0,413 wavelength with the phase between +he current to the central
aerial and that to the ring aerial adjusted for tre best ar.tlfa ing
characteristio,

Current Distribution along an Aerial:
(2)

Information is available for determining the precise form cf
current distribution along an aerial of given height ard radius, but the
rethod 1s complicated d, ard time absorbing, Some cases have heen calculated,
and are published in ref, (2), '

If the current distributicn is divided nto that which is in
phase with the applied volt tage ard that which is in guadrsatvre with the
applied voltage it is found that the in 1 phace current is approximately
proporticnal to { coo A7 — Ce G4 ) wm_le the gquadrature current is
apr oximately proportional 4o A, /5(4 - fz’) s Expressed
mathematically:

Cla(BEzgt) — Jh L0 5

where L: 1s the cirrent at a peint distence
from the feed end of the aerisl
= applied voltace

f=}

= Input conductence

o,
{i

input susceptance
/ - /\
aerial height,

>~
il
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The ocwrent in quadrature with the applied voltage is termed the
mein eurrent while tlat in phase is termed the feed current, In the
literature, the feed current is usually referred to as the quadrature
current as it is normally given in terms of the loop current,

In the case under irmvestigation, an assumed sinuscidal
distribution of main current has a maximum error of 10% which is at the
current mximum, By taking a value for the lcoop ewrrent which is 5% less
than that caleulated for sinusoidal distribution, the error in the
vertical polar diagram far assumed sinusoidal current distribution will
be small,

In this report the main current will be taken as having a
sinuscoidal distribution along the aerial as the field strength may then be
calaulated conveniently., The field due to the feed current 1s most readily
calculated using a graphical integration method with either the precise or
approximate current distribution, whichever may be the mors readily
available,

Vertical polar diagram of 230o central aerial:

The field strength from a vertical grounded aerial for
sinusoidal current distribution in the aerial and assuming the earth to be

a perfect reflector is given by - ) py
. ' - 2 1A ) — Lo 2T
Vo) = go 2o by )T e (2 28 ] _
fe) = b0t en(wr-252)L 3
where /é’/o is the field strength in volts/metre at an angle &
from the vertdcal
loop current in amps

dis tance from base of aerial in metres.

(2)

Iy
P

i

The shape of the polar curve is determined by the last term in braekets,
To obtain a value of unity at & = £ for comparison with other curves,
the following expression has sen used in which a factor independent of ¢
has been added in the denominator, .
> (2o come) — 2T X

i 6 () — o 27

This has been plotted as curve 1 fig, 1 for 4 = 0-cig A
To +this, the field //sﬂ/d/ due to the feed current must be added.

Assuming perfect reflectién at the ground A
) Ny ‘
ﬂ//(?,gf - = _é% 9):_, Jzﬂwé’[mcu//-ﬁc_//),f,cgow(fgﬁ_g_a)],-—-\ (3)

where a//@)%f volts/metre is the field due to the feed current
at an angle & from the vertical
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I2 = feed amxrent at point distanee zfrom ground

24 - eclementary length of aerial at =
/= distance from basse of aerial
A, = distance from point Z

A, = distance from mirror image of poin{: =
£ = veolelty of propagation = 3 x 108 metre/sec
L b
22 54 . (2 7zees
P S, cop £f 7 ansfin(ir zues) v o~ *IEEY)
£ =4
= 5 j20m AKX Izﬁ,‘“ac//«v(._z____—”:‘\’/’ﬁ) —_— (&)

A=o T X ,
o (=4 ' a A2 - ol
é o /’{%/—7 Vs 40(53’\&— (C//J/_ Cea ;;z_—-)mgm(zﬂ%w—a)

/
Equation 4 divided by /}9@;2 is plotted as curve 3 in fig, 1 amd
represents the field quadrature with the main field,

Compensating Field from Ring Aerial:

It has been shown by Pagecj) that the field from a ring aerial
is given by

fe) = //?% Ju (2L 2 o)

where 6/, =  field froma single aerial similar to those in
/ the ring and with the same current as the ring
= K Al for shart aerials

K= ‘congtant
July) Bessel function of the first kind and order »

2nn = phase change of current to aerials arocund the
whole ring

M = zero in the present case

5, = radius of ring

For a 0,639 A central aerial the best campensation 1s obtained by putting
27, - 2 6,

- R //’a), = Kwom & (262 b)  —— ()

This equation is plotted as gurve 2 in fig, 1 and represents the
field from the ring aerial which is 180 out of phase with the main fisld
at &= Z This cancels the high angle radiation from the main awrrent of
the central aerial but still leaves the field due to the feedocurrent.

A rurther improvement is obtaimed »r 47ding a amall field 180" out of phase
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with that from the feed current at high angles of elevation. This fileld
1s plotted as curve 4 2n fig. 1, It is obtained by shifting the phase of
the current to the ring aerial in the appropriate direction and increasing
the amplitude so that the same degree of compensation is obtained for the
main field, '

The vectorial sum of these four flelds is plotted as curve 5
fig, 1 and represents the resultant vertical radiator characterisztic in
relation to the other vertical radiation characteristics provided the
currents to each aerial are maintained at the same values obtained before
superposition. ‘

Fig, 2 gives, in order to facilitate comparison; the vertical
radiation characteristics of

an aerial of 0,25 wavelength helght

an aerial of G, 53 wavelength height

the proposed aerial of 0, 639 wavelength helght with a ring of
6 aerials of height 0,2 wavelenzth surrounding i+ at a radius
ofr Qs 4l waveleng®

& ~iis

Input Resistance of Ring Aerials:

From the Foynting vector method of calculating the radiated
power we have, neglecting earth losgses

) N % — 7 ) 7 j
Power radjated = S ﬁé’// an = LA ; ”
where 4/ = element of area on a sphere with the aerial at
its centre )
4 = field strength of wave crossing this elementary
/ area
Z, = input cwrent to aerial
A = drput resistance of asrial
B 2diated b = o)
ower ra 3 = /2 = JF
ower radiate y’one aer‘mal = 5/0/)0 AA 7, /2)
similar to those in the ring j
where Z. = imput cwrrent to aerial

il

Ko

irput resistance of aerial




g5 B aod that of the ring .~rial 1s O

Ko ~ f//é/j,ﬁ ~
2 ‘2.7/%&/2‘ 6 A
= /ﬂ) EYEE J e

2 77 = =
47. FW/«d) y=

-

By graphical integration 5/22/ dfy =

Kr - o 24
-?;‘ %
o £

For O 2\aerials assume 4, = 2¢
- T L2
K o= O 55

RFatio of Currents to Central and Ring Aerials:

- 4
By graphical integration 35 //6’5 af = SF

For a 0,639) aerial assume /( = g5 A-

C A P /
< ol -

_:_T'a T ;- .
7 A X 80 O/ 7y Va
Matual Resdstance ard Effective Input Resiztance of Aexrial:

Let 7 = lamp ard Z. = 0,78 ams,

For the ring and central aerials ceparated from one another
] %) 3 2 -
the power radiated by the central aerial = o ¥ xes = 7 G luotts

@/C; - = 270 Z/) i N V) V""%,\_ ot s ke

= /7 /o0

-

- 2 b—""‘/ (;//m//\?

From [ /é),, = — 20X C0ogs = — 25 T
< ﬁ}:;lz’ .

Let S be the mutual resistance between the ceniral and rine
aerlals when brought together,

Th. effectlve input rosistance of the com‘ral narial is thla
R /‘w— }r’

&
P




Where (V’/

T’re c-\_vre?r na.a

=0 002(S 4 ":‘~

where /0/)
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Losses:

For a radiatzd pover of 50 KV -

J
e
7 REREA 4
by — 2 R ? Lo~ Sl e
The currert in the central aerial 4, = JZ— /
. - L E L o 1816
t 1s reasonable to ascume the @ cf the lcadling ool e Z0C

ard the reacvance 100 chms,

1
=
[
i3

+ +» Loading ccll rssistance
Watts loss in central aeriel loadingz coil = ——= = 3%0 wasths,

Without carrying oul a p."-sc.;se calculation Lt -
axr: a e

without serious error +that the eax cen

equal to those for a quarhe effeotir

resistance cf the former is tint of the

With an earth system consis X 292 y
extending cut to O, 274 wave giths ,a. th conds
€. m W, the «va"f. = loss out to a redius of Ml a wave

wave aevial 13 Lo 3%

Earth lossss for ceniral serial = 54,5z 0,83 = 2.0 T

Central aerial power loss = 2,7 K.7,

Fach aerial in the ring has an effective resistance of
receives 0,75 K. W,

Assume the Q of the leading coils %0 he 00 and “ha e factivo
reactance of each aerial 150 chuas
"« Reaistence o? Lcading wils = C,5 ohms.
Current to each serial = J l/:_i = P27 s
Watts loss = & -‘3,7: = 05 = 0,80

As in the case of the cen ral cemis
in the ring may be assmed *o be egral to %ot
wave length since the tase resistarses src the

g

With an earoh s*rste':‘- of 1.5
extercing out %o ”,“
€. W the earth losses

OE’

Earth loss for:

Ring serlal poger lcss = 0,65 L7

Total power Zoss = %5 LT, on
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This radius at earth
directions froem the ring aerials, but it

system would not be sustained in all
is reasonable to assume that

the losses far a suitable practical fa'm of earth system would not be

greater than those estimated,

Sky Wave Fleld Strength:

Flg. 3 shows the‘ calculated sky wave field strengths for aerials

of different heights and for the

proposed ring aerial,

The power to each

is such that i 4% prcduces an uma ttenuated field of 712 nv/m a2t 1 mile
for &=/ These caloulations are based on the 10% sky wave curve for an

o 1T Wave length

A o=

_ From fig, 3 it will be
service are as follows:-

aerial published in the N.A.B, Handbook 1940,

seen that estimted limits of the fading free

o x0T %

Range miles
500 ke/s 5C0 ke/sec.| 1500 ke/s
Conrsd Core’ Comelt
/;‘f;/ai/ﬁé‘. oy (:;‘ X/O_/{;. w- “o o

Quarter wavelength aerial 115
0. 53 wavelength aerial 153
0. 639 wavelength aerial

with 0.2 wavelength ring

of 841 wavelength spacing - 195

62
104

149

35
72

78

These flgurss are of course relative only,
fading rings depending
‘vary widely from night to right,

typical and fair to each type of aerial,

When inspecting fig, 3 it should be borne i
curve of 1C0% can be expectad so that although the single
good proposition for high

in extending the primary service area i+t can give very
high sky wave fislqg

in the 109 sky wave
mast of height 0, 639
conductivity country,
large areas of severe fading ard di stortion when
intensities are encountered,

wavelength appears to be a

Waves ref‘]ﬁ_c_ted from the Farth:

Throughout these calculations it has been assumed that the

is a perfect rerfle ctor,
and engle of inciience of
graund reflected wavas,
aerial resistance as the

the grourd constants beyord the renge of the induc
rangs the earth

In a practical
the mave will effe ct the
This will have no effect o

on the fleld strength of the
The figures however

aerial characteristics ar
tion field,
57 stem renders the ground character

the actual ranges of the

indirect rays which
are regarded as

n mind that variations

earth

cage the characteristicg of the earth

phase and magnitude of the

n the calculations for

¢ wnaffected by changes in
Within this
istics virtually those of
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a perfect reflector. The mare convenient caleculation 2 776) 24 for
perfect earth must yield an identical result with the ca culation

< 7{/6) a4+ dlssipation losses for impsrfect earth, For earth of
finite conductivity the curves in figure 1. not give the true vertical

characteristic in the region 70°¢ 6 £40” Iarge changes in the phase
of the ground reflected wave are restricted to this region while the change
in magnitude 1s only 20% in the region o<9<70° 4 third component,

the surface wave appears for © close to 90°.

It can ﬁieref'oz;e'be expected tlat the error involved in equation (2)
will be small for ©<70° This more than covers the impertant angles of
elevation far sky wave propagation which effect ground wave reception.

Experimental Verification Proposals:

Because of the large cost of a medium frequency instal ation to the
proposed design and obviocus difficulties in measuring the vertical polar
diagram, the use of a malel ring and central aerial appears to be a simple
and economical method of supplying experimental verificatian of the
calculated characteristics of the proposed aerial, This can only be done
satisfactorily by increasing the frequency = that all linear measurements
are the same when expressed in wavelengths, Since the ratio %7 has to be
preserved as well as the ratio tetween -5~ and w5 it my be necessary

to use a tank filled with water to simulate the earth.

There & = conductivity of the soil

w = 27 j

g/ = frequency cycles/sec,

~4 = the permeability of the soil M,K.S,

€ = the dielectric constant of the soil M.K.S.

In most cases ;g“ is small compared Wiﬁzﬁ/; 80 that we are only interested

in increasing the conductivity by the same ratio that the frequency is
increased, Sea water would sati fy this candition if a frequency of

100 * 9  were used, the corductivity of 5700 #mUpon oo nober at
100 Me/s being equivalent to 27x0°% #. m. v at 550 ke/s.

The vertical polar diagram could b measured by a small dipols, crystal
detector and meter mounted on a pole,

It would be desirable to measwre the reactive component of the
input impedance of the ring aerial as the literature suggests that this is
large, It wonld also be desirable to determine experimentally the reactive
compenent of the mutuwal impedance between the ring and central aerials so
that a corrective netwark could be inserted to maintain the correct phase
between the central and ring aerial currents,
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Tarasitic operation of the ring aerial should ke possible by
inserting the correct impedance between the base of the aerials and eart
In this case the power that would be fed back to the lines under non-parasitic
cperation would be dlssipated in the resistive c:or:rx}_ao*wnu of this impedance
walle the reactive component would meintain the correct current phase,

L v &

Pover los< in thils way would be of the order of 10%

It would be of value %o investigate the effect of withdrawing the
aerials on one side of the ring, In practlce the case may cccur in which
s noat nlgl angles is not required in all ectlons
'lﬂ to operate with anti-fading in ‘el
r2st3s.  Some dbservati .ong cou 1.d alsc e made for

. s
i die Ting,

4 O

-

Y,
- h
the req

'

ERR -
Le I:‘F*'

The oroposel ring cerial will increase the primary cervice area
{as limited by the 50% fading contovr) obia L--F‘d froman A = © 53~ aerlal
at night nTa **a*"jJ.-_o “rom zero to 130% aum__d:'.ngf on tha *’“—“'ecu-o“”‘,’.
ground con wave absgcrpilon, L
be gained as hi igh LENGY 2r poor cor."u,"“' 7ity couniny. l.*: low
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