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 COMBINED WIRELESSV.SENBING AND..'-RECEIviNG".SYS-TEM» o

' Application ﬁlcd December 31, 1921,

MV mvcntmn relates to Wuclcss tclcgi aph
‘systems and more especially to dnplcx wire-

less telegraph systems.

5 vention is to provide an 1mplovcd wireless -
telegraph system wherein transmission and

10

~ ception of signals may be effected without

20

i)
3 3

4()

Tn its broad aspect, thc cb]cct of my in-

reception of wireless s signals may be snnul-
tancously effected. -
- More spect

abovc mmdicated clnmcter wherein trans-

mission and reception of wireless signals -
may be eflected upon a common W&VG length.
“Another object of my invention is to pro-

vide a duplex wireless transmigsion system

wherein simultaneous transmission and re-

necessitating %Wlfchmﬁ operations.

A further object of my invention is to

provide an antenna system wherein the ef-
fects of certain forms of static impulses

causing interference in wireless rcccwnw

yctcfns may be eliminated.

A still further object of my invention is

to provide an arrangement of radiating sys-

tems whereby sever al messages may be simul-
taneously transmitted and 1ccﬂwcd over thc_

same systenn.
Other objects of my invention wﬂl he ap-

‘the nature, the mode of cpcmtmn and the
particular adyanta oeg of mv invention.
My invention consists in the details of con-

“struction and operation and circuit arrange-

‘ment hereinafter set forth and claimed and
shown in the _accompanymo. dmwmg,

whclcm-—-—-—' |
e lisa fll‘wrammmmc clcvqtmnal view

of a combined scndmo' and recelving system -

cmbcdymﬁ' my lmfentl on; .

Fig. 2 is a detail view showmﬂ' - mcd1ﬁ-
cation in the coupling of the 'mtcnn.: and thc
Icccwmo' circults; |
- .
::.]1cwnw a mcdlﬁcatmn n thc armnfrcmcnt
of the ﬂntcm:l'c .

Fig. 4 15 a v1ew chcml’w an cqmmlent--
cireuit dmgmm of the Systcm cmbodymﬂ my

lIlVGIIthIl

Fig. 5 is a dmnlammatlc pl'm view shotw-
radiating system wherein

Ing cnc type of
‘the antennee are symmetmcally disposed Wlth
‘respect to 3] commcn ccnter and

ieally, one object of my mven-«_
tion is to provide a wireless system of the

1n.

3 1s a diagrammatic pelspcctwc view

Such circuit_is shown in Fig.
prises an mductancc ccll 45 and condenscz

46,

| Scriai No. 526, 228;'

I‘w 61s a dmfr:r ammatic pcrspectwc view
shomnf} ‘mcthcl arrangement of antennese
'qutcms which are symmctucally dlsposcd

mth rcspect to a common center.

In Fig. 1, I have shown a pair of antenna

parts 1 and 2, which, for purposes of illus-
tration, have becn combmcd to form a single.
'antcnnaj and a pfurcf additional antennse
The antenna parts and
additional antennse are supported by towers

3 and 4 therefor.

60

5 and 6. Adjacent terminals 7 and 8 of the

additional fmtcnn“c S and 4, rcspcctwcly,
are connected by an 1115111%01"

The an-
tenna parts and the additional fmtenmc may

be insulated from the towers by means of

insulators 11.
nect corresponding ends of the antenna

Ing purposes. c
A orounded conductor 15, Wthh ma,y in-

'ﬁ'cludc a source of radio- frequency energy 16

Conductors 12 and 13 con-

70

parts 1 and 2 and the additional antennz
3 and 4, Ic%pectwcly, to form a loop circuit.
Inductance coils 14 and 14a are mcluded in

‘the respective conduc’rcrs 12 and 18 for tun-_ R
R

1S oper atively. connected to a mldpomt 17 of -

a balance coil 18, opposite terminals thereof
‘being connected to the terminals 7 and 8,
of the additional antennge by means of con-

~ductors 19 and 21, respectively. The bal-
pa,rcnt fmm the following description of -

80

ance coil 18 may be either of the iron-core

or of the air-core type.

In order to adjust
- any imperfections in the balance coil 18,
an adjustable mutual- inductance device 99

may be so included in the conductors 19 and

21 as to cqualuc the currcnts lowing t_hclc-

In some cases, Wherc tl"‘IIlSIIl].SS]OIl and re-

“ception are effected at different frequencies,
such small potential differences as may exist -

between the terminals of the coil 18, by
reason ci qhnh't unba,hncmo* 1n thc la-_

diating cir cmtq may be compensated for by
- shunting the telmmals 7T and 8 with a cir-

cuit resonant to the transmitting frequency. |

1 and com-
| 100
A recelving svstcm of any well kncwn typc.; .
may be connected to terminals 28 and 24,
thc Jlatter being elcctmcally connected toj_:
terminals 7 and 8 by means of conductors

‘95 and 26, whereby a loop circuit is formed. 105
- In ocder a.,c pmwde fcr thc prcpcr tumn#_’_,_
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of the loop circuit, variable condensers 27,
98 are connected in the leads just mentioned.
The tuning condensers 27, 28 may be ad-
justed either singly or together in such man-
ner as to have equal capacities.

An alternative arrangement for opera-
tively connecting the receiving circuit to
the antenna GlI‘CHlt 1s shown 1n Tlg._ 2. Here
1t will be noted that the balance coil 18 1s 1n-
cluded 1n the leads 25 and 26 and that the
receiving circuit 1is inductively coupled
thereto throufrh a coil 29. A condenser 31
may be shunted across the terminals of the
latter coil, as 1s cOmmon 1N recelver circults.

The system shown in Fig. 3 differs from
that of Fig. 1 in the arrangement of an-
tenns. In this modlﬁcatmn the antennee
1t and 2' have additional antenne 3 and 4,
and are sepalcltely supported by paurs of
towers 5, 5" and 6, 6, the antennwe 17 and 2’
being electwstatmally coupled, whereas in
Fig. 1 they are electrically connected at a
pmnt 32. Conductors 12" and 13" conunect
substantially midpoints of their respective
antenne and supplemental antennge and,
similarly, conductors 19" and 21’ connect
substantially midpoints of the supplemental
antenne 3 and 4 to the balance coil 18.

A better understanding of the operation
of my invention may be had by referring to
the equivalent circuit shown in Fig. 4. In
this figure, a pair of parallel-resonant cir-
cuits 33, 34 are connected 1n parallel by the
ground ‘and by conductors 19 and 21, the
balance coil 18 being serially included in
said conductors. The parallel-resonant cir-
cuits may be encrgized from the common
source of energy 16 which 1s included 1n a
circult extending from the ground to a mid-
pomt 17 of the balance coil 18.

The parallel-resonant cireuit 33 comprises

a condenser 38, corresponding to the ground-

capacity effect of the additional antenna 3,
shunted by the tuning coil 14 in series with
a condenser 37 w 111(]1 corresponds to the
oround-capacity effect of "the antenna 1.
Similarly, the parallel-resonant circuit 34
comprises a condenscr 41, corresponding to
the ground-capacity eﬂe@t of the additional
antenna 4, shunted by the tuning coil 14« 1n
series with a condenser 39 which corre-
sponds to the ground-capacity effect of the
antenna 2.

A connection between the right-hand ter-
minals of the coil 14« in Figure 4 and the
left hand terminal of the coil 14 is provided.
In the equivalent circuit for the form shown
in Figure 1, this i1s an all-metallic connec-
tton. In the equivalent circuit for the form
shown in Iigure 3, this connection 1s
through a mpamty I‘wum 4, as drawn,
there LfOI(—‘ 1s the equu’alent circuit for Kigure
3 but it may be used without dlﬂlculty 1N
explaining the action ot Ficure 1 since the
connection 43—44 acts merely as a cennec-

tion 1n each case.
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The capacity 43 repre-
sents the capacity between the antennwe 17
and 27 of Ifigure 3. The connection when
all-metallic 1nstead of through a capacity
corresponds to the connection at 32 1 Ifig-
ure 1.

Terminals 23 and 24 of a receiving system

(not ::3hown) may be connected. thtmwh
leads 25, 26, to opposite teuumalq of coil
18 1n a loop lecuvmn' circuit comprising the
coils 14, 18 and 14¢ and the COIldBIlEaGl 43.

In 01)61:1{3101’1 during transmission, energy
1S Qupphed to the 1admtmg wstems Or SO-
called “parallel-resonant circuits” 33 and 34,
as shown m If1g. 4, and 1s radiated from
both circurts in accordance with well known
principles. Since the currents supplied to
the two transmitting systems are equal, and
the point 17 is intermediate the ends of the
coll 18, the net electromotive force mmpressed
upon the terminals 23, 24 is zero.

Upon the receipt of signal unpulses in the
loop comprising the antennze and conductors
127 and 137, variable potentials of siomal
flequuncy are impressed upon the ter minals

23, 24 which may be detected by any of the
well known receiving systems.

In view of the 1016”011]“‘ description, 1t

may readily be seen that transmission and
reception of signal 1mpulses may be simul-
taneously effected and, 1f necessary, upon
the same wave length. '
- In sending, my antenna system 1s particu-
larly advantageous by reason of the fact
that the radiat ting element may be supplied
with power, at 100*’/ power-factor, from a
low-voltage, high-frequency gener atm.{, since
no wattless or Ch‘lIlfT]Il'fr currents circulate
through the gener ator.

In some cases, where transmission and re-

ception are offected at different {requencies,

such small potential differences as may @\wt
between the terminals of the coil 18 b\ e
son of shlight unbalancing m the a,lh.flimrr
circuits, may be compenaated for by shimt-
1ng the terminals 7 , 8 with a circuit resonant
to the trammﬁtm# frequency. Such circuit
is shown 1n Ifio. 1 and comprises an induc-
tance coil 45 and a condenser 46.

In receiving, the foregoing arrangement
of antenna 1s p‘LI‘tlf‘llLlllY qdapted to elimi-
nate the disturbing effects of certain forms
of static impulses. As may readily be seen,
currents, which are induced in the antennse
by reason of potential differences between
the space immed:ately surrounding the an-
tenna and the ground, and for other causes
well known in the- art, are balanced in their
effects upon the receiving system. If nec-
essary, the balancing of tho static eflects
may be perfected by adjusting the relative
heights of the upper antennea or of the lower
antennae, or by adjusting one of the tuning
coils 14, 14a.

In large high-power wireless stations t 1€
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‘may be used instead, if desired.
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arrangement of antennm shown in Fig. 3
lends itselt to a form of--.comtruction--:shown

i Kig. 5.

Inthe system there shown, pairs of antennsee.
17 and 27, 1”0 and 2’«, ete., and correspond-

L

ing auxibiary antennsze (not shown) are so
disposed as to form the sides of a polygon.
Iiach pair of antennee and their correspond-
Ing auxiliary antennae are '

energy have no detrimental effects, serving
merely to inerease the capacity of the system.

The antenna system of Iig. 1 lends 1tself

reacdily to a multiple-antenna system,  as
shown 1 Fig. 6, wherein the pairs of an-

~tenna parts 1, 2 and their corresponding ad-
ditional antenna 3, 4 extend radially out-
wardly, in opposite directions, from a com-

mon central point. This system, has, for
purposes of 1llustration been shown as com-

prising three distinct antennwe systems, each

similar to that of Fig. 1. R
‘When a number of messages are to be

simultaneously transmitted each antenna

system should employ a different frequency.

In Fig. 5 I have shown provision for this
by introducing switches 45 by which the

several antennse may be connected to the

pource at will. To simplify the drawing,
I have shown but a single source. If a

plurality of sources are used, of course, they
would be of different frequencies. Any of
the means known to the art for changing
the frequency as the switches 45 are changed
may 1f desired, be associated with the single
source 1llustrated. -

In Fig. 6 I have shown a pllu-mlityf' of

sources, one for each set of antenna parts,
with switches for connecting each source to
1ts radiating system when desired. The sev-
eral sources are 1llustrated as each supplied

with an arc 16¢ so that the different fre-

quencles may be obtained by differently tun-

ing the associated circuits. Of course, any

means of obtaining the different frequencies
The messages are superposed ﬂpdﬂ”the’
frequencies by any usual modulating means.

- As the 1nvention is in no way dependent

- upon the system of modulation used, these
-~ means have not been illustrated. Rach of

-1
Gt
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the several radiating systems should be sup-
plied with its own modulating means in

order that each may carry its own message.
While I have shown several embodiments

of my invention it is capable of wvarious

changes and modifications without depart-
ing from the spirit thereof. I desire, there-

fore, that only such limitations shall be im-

posed thereon as are indicated by the prior
art or specifically set forth in the appended
claims, ' . ' E

connected to the
common. source of energy 16 through the
“balance coil 18, as shown in the previous
figures. The several conductors which con-
nect the auxiliary antennwe to the source of

- I claim as my invention:— = =
1. In a wireless system, a pair of elevated

antenma parts, said parts being operatively

associate

lated, a pair of additional antennse
therefor, a conductor connecting said addi-

70 .

tional antennee, said conductor including an

inductance coil, conductors for connecting
~said antenna parts to corresponding addi- -

tional antenne, said last-mentioned conduc-

tors including. inductance coils for tuning
purposes, a ground conductor and a source
of radio-frequency energy included in said

oround conductor, the ungrounded terminal _ '

“thereof being connected to the mid-point of
sald first-named inductance coil. |

2. In a wireless system, a source of energy,

‘a plurality of tuned radiating circuits con-
| IleCted. ln pa.-]i‘ﬂuel tO S&ld SOU_I’CG Of energy3
each of said radiating circuits including

85

antennse of different

heights and a tuning
means between them. o |

3. In a wireless system, a plurality of
‘tuned radiating circuits symmetrically con-

nected 1n parallel to a common source of

encrgy, each of said radiating circuits in-

00

cluding an antenna and an additional anten-

ng and a tuning means between them.

4. In a wireless system, a source of radio-.

irequency currents, a pair of radiating. cir-
cuits connected in parallel to said source,
cach of said radiating ecircuits including

antenne of different heights and a tuning
means between them, and means for so

assoclating said antennse as to form a loop

circult adapted for receiving purposes.
5. In an electrical system, a pair of

parallel-resonant circuits, a source of energy,
‘a pair ol connecting means for connecting
sald circuits in parallel relation to said
source, one of said means including an in-

ductance coil, a circuit including said source
of energy extending from the other of said
connecting means to an intermediate point

100

105

on said inductance coil, whereby substan-

tially equal currents are supplied to said

symmetrically associated with said induec-

110

paraliel-resonant circuits, and a circuit

tance coil, whereby the currents supplied to -

sald parallel-resonant circuits balance in

their effcct upon said associated circuit.
6. In an electrical system, a pair of

parallel-resonant circuits, a source of radio-

lel to said source, an inductance coil serially

1included in circuit with one of said connect-
‘Ing means, a circuit including said source
and extending irom the other of said con-

frequency currents, a pair of connecting
‘means for connecting said circuits in paral-

120

necting means to an intermediate point on

‘sald inductance coil, whereby substantially
equal energy 1s supplied to said parallel-

resonant circuits, and a receiving circuit

125

operatively associated with said inductance

co1l, whereby the amounts of energy sup-
‘phed to said parallel-resonant circuits bal-

130
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ance in their effect upon said receiving
circuit.

7. In a duplex wireless system, a pair of
parallel-resonant circuits, each of said cir-
cuits comprising condensive and inductive
elements, said condensive elements consist-
ing of condenser effects between ground and
each of two antennae, a source of ultra-audio-

frequency currents, a pair of connecting

means for connecting said circuits in paral-

lel to said source, one of said connecting

means having an inductance coil serlally
included 1n circuit therewith, a circuit in-
cluding said source and extendinﬂ‘ from the
other of said connecting means o a mid-
point of said inductance 0011 whereby equal
energy 1s supplied to said pamlleb-resanant
circuits, and a receiving system associated
in balanced relation with said inductance
coll.

8. In a wireless system, a plurality of
tuned radiating circuits connected 1n parai-
lel to a common source ot energy, each cir-
cuit comprising a pair oi antennee of dii-
ferent relative exposure to incoming signal
impulses and a tuning means between them
sald pairs of antenno extending radiali y
outwardly from a common center and re-
ceiving means differentially responsive to
the energy received on said antennee.

9. A combined sending and receiving
system for the electrical transmission of sig-
nals, including a balancing impedance ele-
ment, sending and receiving devices dif-

1,715,701

ferentially associated with said balancing
impedance element, one of said devices in-
cluding terminal conductors connected to
the ends of said balancing 1impedance ele-
ment, and a separate mutual-reactance ele-
ment for equalizing the currents in said
terminal conductors.

10. A combined sending and receiving
system for the electrical transmission of
signals, 1mcluding a balancing impedance
element, sending and receiving devices dif-

ferentially associated with said balancing

impedance element, said devices being
adapted to respectively different frequencies,
one of said devices including terminal con-
ductors connected to the ends of said bal-
ancing 1mpedance element, and a series-
resonant circuit shunting said device and
tuned to the frequency of the other device.

11. A radio transmitting system compris-
ing a plurality of pairs of radiating circuits
cach including an elevated inductance and

a capacity between an elevated conductor

connected to said 1nductance and the earth,
a source of energy for each pair of 1f.1.dmtmg
circuits, the circuits of each pair being con-
nected in paraliel to the source common to
said pair, and the circuits 1in different pairs
bﬁmfr tuned to different frequencies.

In testimony whereof, 1 have hereunto

subscribed my name this 19th day of Decem-
ber, 1921.

CHARILES LE G. FORTESCUE.
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