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The present invention relates to high frequehcy
signaling systemis and more'specifically to such
systems ‘which: are ' required to' transmit a wide
band of signals.

In the complete specu"icatlon of Br1t1sh appli-

cations Nos. 32 339/35 and . 16,998/36 - (Patent
No. 469,245), it- is explained that in high fre-
quency signaling systems isuch as television sys-
tems, it is generally impractical to match’ the
transmitter impedance to" the input impedance
of the feeder terminated by the aerial and at
the same time obtain the necessary band width;

It is pointed out in our prior specification that
even if the reactance of the aerial is'small or'is
neutralized by suitable circuits the radiation re-
sistance of the aerial will, in general, vary with
frequency. The aerial is Ustially matched to the

feeder at the aerial frequency, but due to the vari--
ation of the radiation resistance with fréquency,
the aerial will not" be ‘matched at side band fre-
This mismatching causes variation in’

queéhéies;
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(CL 250—’33) :
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the' ‘impedance presented to the “transmitter by,
the aerial system, and hence ‘variations in the

radiated power over the wide band of frequencies
congtituting the side bands of a telev1s1on trans-
mitter, :

The. pha.se angle .of- current reflected at- the
aerial end of the feeder when it reaches- the
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transmitier depends-on' the-length of the feeder -

having regard to the width of the band of modu-
latlon frequenmes
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In the aforesaid prior- specification, methods .
are described of substantially - eliminating" the -

variation of the gerial impedance with fréquency-

so that there is at all relevant frequencies a sub-
stantially : constant - resistance, by . means- of

35

lengths .of -line-and resonant circuits; so' that-it-
can.-be connected to the associated transm1tter~

by.any-length of transmission line:-

Where it is-necessary for the transmlttmg sys-‘

tem:as-a: whole to have -a- bahd pass-character-

istic;-the:-constant resistance aerial provided by:
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the:methods:of the above -applications ‘would be~

coupled-to.the:final tuned (tank) circuit of the"
transmitter by a further tuned-eircuit, Such ar~ -

N
o

rangement would thus in¢lude two tuned circuits:
associated’ with the feeder, one of fhe tuned cir-: -
cuits beinginserted at the transmitter end of the -

feeder~to compensate: for the ‘reactance change
of-thertank:icircuit “of ' the transmitter; and the’
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other- tuned cireuit - be1ng 1nserted towards the’
aerial- end of the feeder to annul react;ance“'
change due to the aerial.

Now the relative variations of the 1mpedance ‘
of ‘the ‘aerial and of the tank circuit of the!
transmitter are of the same order of magnitude "
and for this reason in some cases a sumphﬁca-‘
tion -of- the band-pass arrangement can bhe ef--
fected in- tha.t the ‘variation of: ‘the” impedance ..
of the ‘aerial may "be caused-to appear - from ‘the ™
transmitter as a-reactarice variation of opposite
sense to that of ‘the var1at10n in the réactance of
the. transmitter 1tself ‘whereby vanatlons in thé
impedance of the  aerial with changing: fre-
quency-tend to compensate the variations in the
output- impedance of the transm1tter thus, if’
the length of the feeder 1s correctly chosen‘
the tuned circuits prov1ded inthe feeder ‘de-
scribed in the prior case may be omitted; .

Thus, according to the present invention, 'a’
radio signal ‘transmitting or - -Teceiving arrange-
ment more especially for ‘use on' short waves is
provided comprising:a radio transmitter -or re-
ceiver:'so-’'associated with ~an -aerial-that for -a-
band ‘of - frequencies "in ‘the - pass range -of -the
arrangement, the variation -of the impedance of
the derial as viewed from the transmitter or re-
ceiver appears as a regctance variation substan-

tially opposite in sense”to the variation in the

reactance of ' thé"transmitter or receiver itself,
whereby variations. in the impedance. . of - the
aerial with changing frequency tend to compen-_
sate the variations in “the’ output: impedance of

the transmitter,

In the preferred arrangement accordmg to the“ .

invention the. variation of the 1mpedance of 'the :
aerial as viewed from the transm1tter appeats
as a reactance substantmlly edual in value to the
variation: of - the reactance ‘of - the - transmitter

.over said band ‘of’ frequencles'

In-certain ‘circumstances;in an-arrangement:.
according-to-the'invention; g  transmitter and
its aerial may be connected: without-the -inter-
position of :a feeder; ora S1mp1e half wave length
feedér may-be provided.r . ¥

The nature of the invention' and the method ‘
of ~carrying:the-same- into" effect. will - be more
cléarly-understood :from” the  following : ~deserip=
tion - in"detail' reference -being: made to the ac~. :
companying drawing:in ‘which
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Figure 1 shows a schematic diagrain of a band-
pass aerial system embodying the invention de-
scribed in our prior specification above referred
to.

Figure 2 is a similar representation of an ar-
rangment according to the present invention.

Figure ‘3 is an explanatory equivalent circuit
of the arrangement of Figure 2.

Figure 4 is a 'vector diagram applicable to the
arrangement of Figure 2.

Referring to Figure 1, it will be seen that the
output circuit of a transmitter including tube |
and tank circuit 2 is shown connected over trans-
former 3 to feeder 4 which is directly coupled to
dipole aerial 5. In order to compensate for the
variation in the reactance of the tank circuit of
the transmitter the secondary winding of the
transformer 3 is- associated . with condensers 8,
which form a resonant combination with the said
secondary winding, and in order to compensate
for the variation in aerial reactance the series
tuned combination 71 of inductive and. capacity
elements is provided.

Now the changes. in the magnitude of .the re-

actances which are compensated in the above ar-

rangement are of the same order, and in accord-
ance with the present invention, instead of pro-
viding tuned combinations 3,86, 6,and 1,the length
of the feeder is chosen so that the reactive change
of the aerial may have the effect of a series tuned
circuit located at the point where the feeder iscon~
nected to the transmitter. For example, refer-
ring to Figure 2, aerial 5 is shown connected over
feeder 4 to tappings on the inductance 3’ of the
tank circuit 2 of the transmitter the inductance
3’ thus serving as an auto-transformer.

Figure 3 shows the equivalent circuit in-this
case.  In this figure, the tank circuit 2 of Fig-
ure 2 is represented by the tuned circuit: com-
prising ‘inductance L and capacity:C,- while L',
and C’, and R represent the equivalent mrcmt
of the feeder and aerial.
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In such a circuit the constant K band pass :

condition is glven by

pal_ L
! . =T ™G
and LCwoz 1 where ‘wo . is the angular velocity,
corresponding to the midfrequency fo of the band.

The circuit comprising elements Li, Cr:and R
must therefore have an impedance :
: 7 =R +72AfR20C

Jo .
—R+j-—47rAfR2C__‘__ PRI )

where Af is the amount by which the frequency
departs from mid-band frequency.

Now consider the input impedance to the feed-
er when terminated by the aerial jimpedance.

If the aerial is tuned to the mid-hand fre-
guency, the aerial impedance will at: any fre-
quency within the band be given by

dR dX
Zu=Ea +{ i T
where Ra is the aerial resistance at mid-band

frequency and Xa the aerial reactance, the latter
being zero at mid-band frequency. ’

B

The input impedance of the feeder at any given ..

frequency may be obtained-from the vector dia-
gram of Figure 4 in which line OO’ is a vec-
torial representation of the characteristic im-
pedance of the feeder which is made equal’ to
Ra, and the vector O’P. is:the resultant change
of impedance due to the increments of resistance
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reactance of magnitude O'P’:

2,267,445

and reactance ARa and AXa respectively, of the
aerial, when the signal frequency departs from
tl;le mid-frequency:of the band by the amount
Af.

The input impedance to the feeder of length-¢
when terminated by the impedance Za which has
been represented by the vector OP, is given by the
vector OP’ which has been obtained by rotating
O’P about O’ through an angle —2¢. Where 24
is such that OP rotates to a position at right
angles to OO’ the change of aerial impedance
from the resistive tuned value will appear as a
the angle 24 is
given by the equation—

{i&
df |
e
af |
The aerial impedance viewed from the transmit-
ter will then be given by the expression

nel

Equation 3 can satisfy the bandpass- condition
given by Equation 1 if

el

Now for a half wave dipole aerial with a tuned

20 =360 dgs. —cot!

impedance at. mid-band frequency of 72 ohms
dR4
“af
is approximately
2,
and d
Xy
af
is approximately
ZoyT

Whgre Zoa is the: characteristic impedance of the -
aerial.. Hence the value of Zoa for a given value

> of C can be found and the electrical length of

feeder required to produce the apparent rotation
of OP is given from the Equation 3 as

2¢ =n 360 —cot? Zoa

where 7 is any integer, including zero. It is ap-
parent: from the form of this equation that the
same physical length of line approximately sat-
isfies the equation over a band of frequencies.

By way of example, it may be noted that in the
case given if C=109 puf. the characteristic im-
pedance. of. the. aerial Zoa=72 ohms, and for
C=440" uuf., Zoa=400 ohms. These are the ap-
proximate. limits over which the aerial ’may con-
veniently be varied.

It will be noted that the physical length of line
required to satisfy Equation 5 is slightly depend-
ent on frequency, since the electrical length re-
quired is constant. - In practice; therefore, a sin-
gle feeder will not be effective equally at all fre-
quencies within a band and the best compromise -
in the choice: of length is that which the input
resistance is passing through a stationary value
with varying frequency. This limitation on the
use of the invention becomes more rigorous the
greater the length' of the feeder, so that the
inyention is most suitable for application to trans-
mitters-in which the line connecting the feeder
to the aerial is short, as for example, in an aero-
plane transmitter. In many cases, this restric-
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tion on the use of the invention makes it pref-
erable to use an arrangement such as that shown
in Figure 1 of the drawing.

Certain special cases of the application of the
invention are of.interest. For example, if the
variation of the resistance with frequency

dky)
af
is zero or negligibly small compared with the var-

iation
i)
af

as for example in a condensed array, the Equa-
tion 4 above becomes
dX,

=]
and the electrical length of the feeder required is
given by 6=n 180 degs. where 7 is any integer
including zero. - The simplest cage is that in'which
7 and consequently 6. is zero, in which case the
transmitter would be -directly connected to the
-aerial but if a direct connection is inconvenient,
half or full wave lengths of feeder may be in-
serted. :

This case has an application to the compen-
sation of a-load resistance with some residual
reactance, : :

In the above description it has been assumed
that it is-desirable to produce a constant K type
of bandpass for the circuit. It may be preferred
to ugse filters of different types, for example, such
as that which produces double humping. A set

of conditions for the application of the inven-

tion may be determined in the manner described
above for any particular case; The invention will,
of course, be applicable in any case where it is
possible to transform the variation of the imped-
ance of an aerial to substantially a linear react-
ance variation of the correct magnitude.

In the arrangement described above, the feeder
is chosen to match the aerial impedance, so that
the input impedance to the line is equal to the
tuned aerial resistance. If it is desired to work
into a different impedance, an unmatched line
may bhe used of suitable impedance and electrical
length, so that it acts as a transformer and pro-
duces the desired bahdpass action. The inven-
tion is not only applicable at the transmitting
end of signaling system, but is equally applicable
to a receiver. ‘ ‘

Having now particularly described and ascer-
tained the nature of our said invention and in
what manner the same is to be performed, we
declare that what we claim is:

1. In combination, an aerial having an im-
pedance comprising a reactance which varies with
the frequency of a wave applied thereto and s
substantially constant resistance, a feeder con-
nected to said antenna and a coupling cireuit con-
nected to said feeder for coupling a source of
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. reactance of said - output circuit whereby
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3

high frequency oscillations to ' said aerial, the
reactance of said coupling circuit varying with
the frequency of a wave applied thereto, said feed-
er having an electrical length. equal to .4 half
wave length -of the operating frequency so that
the reactance variation of said aerial viewed from
said coupling circuit is substantially opposite in
sense to the reactance variation of said coupling
circuit whereby said variations compensate for
each other. ‘

2. In combination, an aerial having an imped-
ance comprising g reactance which. varies with
the frequency of-a wave applied thereto and a
substantially constant resistance, a feeder con-
nected to said antenna and an output circuit of
a transmitter connected to said feeder, the react- .
ance of said output circuit varying with the fre-
queney of ‘a wave applied thereto, said feeder
having an electrical length equal to a half wave
length of ‘the operating frequency so that the
reactance variation of said serial viewed from
said outpuf eircuit is substantially opposite ' in
sense to-the reactance variation of said output
circuit whereby said variations compensate for
each other, !

3. A broad band transmitting arrangement in-
cluding an:aerial having an impedance compris-
ing a reactance which varies with the Irequency
of a wave applied thereto and a substantially
constant resistance, a feeder connected to said
antenna and-an output circuit of 3 transmitter
connected to said feeder for coupling said trans-
mitter to said aerial, the reactance of said out-
put circuit varying with the frequency of the wave
appearing therein, said feeder having an ‘electri-
cal length equal to a multiple including unity of
a half wave length at the middle frequency of
said band so that the resctance variation of said
aerial viewed from said output. circuit is sub-
stantially opposite: in sense: to the variation in

said
variations compensate for each other., SR

4. A broad band antenns, arrangement includ-
ing an aerial having an impedance comprising g
reactance which varies with the frequency of a

‘wave appliéd thereto and g substantially con-

stant resistance, a- feeder connected to said an-
tenna and.a coupling circuit connected to said
feeder for coupling a transducer to said aerial,
the reactarnce . of said coupling circuit varying
with the frequency of the wave applied thereto,
said feeder having an electrical length equal to
a multiple including unity of a half wave length
at the middle frequency of said band so that the
reactance variation of said aerial viewed from
said coupling circuit is substantially opposite in
sense to the variation in reactance of said cou-
pling circuit whereby said variations compensate
for each other.

EDWARD CECIL CORK.
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