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- ThlS epphoatlon is a oontmuatlon of an
- application, Serial Number 256,978, filed by

‘ -me October 5, 1918 and a oontmuatlon 1N part:.

368 903 filed by_ _
~ circuits, such as a detector a,nd telephone re- .55 -

“celver or the hke as commonly -used in the -

~ of an apphcatmn Serial No.
2 me March 26, 1920.

This invention relates to reoewmo* appa—-;
;. ratus and method employed 1n radio com-

... munication, and its object is to prevent static
‘at the recelving appara-.
Y tus, with the useful energy recelved irom a
dlstant transmitter (static bemng the common
~ name Tor atmospherlo eleotrloal dlsturb—_.
_-.ances). - B
In practice, the embodlment of this inven- .
- such as B, which is a directional form of cel- %

. inafter described has resulted thus far in lector, i, e., operates best when disposed with

- the 1mprovement of the ratio of signal in-
. tensity.to static intensity twent‘;r-four times,
- . which . is equivalent to an elimination oi_
- =Y ninety-six per cent of the 1nte1151ty of static
reoewed at the recewmg statlon e
~-. The object of the invention 1s to oppose .

‘ and neutralize the static energies received
~at point' X, so. that the wires: A’ B, which

from mterferm

; tlorl which is shown in the drawing and here-

_ by the aerials and .at the same time secure

25 sufficient 51gnal energy to be useful.
- This object .is preferably attained by em-

. ploying a plumllty of collectors or aerials

~.properly positioned or having different di-
rectional properties it any desired plane and
suitably coupled to combine the energiles re--
. ceived. The intensity of the signal and static

~ received by a directional system varies, of

_coursé, with the position the aerials occupy
Such a sys-
tem should preferably be. located to receive
. the greatest amount of signal consistent with
. total elimination of statlo, and any -adjust-
~ ‘ments, other than the above, necessary to .
._ehmmete the static, is done by means of the
" coupling between the aerials, or by means

with respect to the wave fronts.

- of the other ad]ustments heremafter more

o fully described, or both. '

- Of the drawmg, |
Flg

~to both efﬁCIGIl(}V and simplicity; and
- Iig. 2

bodlment showing the 0peretor S SW1tohes_ o

g ..WﬂlCh may be emploved in practice. _
A 1s an aerial or antenna or collecting cir-

denser C, are most oonvemenﬂy located 1n-
the V101111ty of the ~operator’s receiver, and
not up in the air as mlght be. mferred from |
‘the diagram. - -

- cases-is disposed so as to act as)
'looP

‘the aerials.

Atlantic Coast, the less bothersome forms

11s a simple dlag‘iam of the embodl--_
ment which up to date has proved best as

1s another diagram of the same em-

Th1s applloatlon ﬁled May 6 1920

.omt of any type ordma,rllv used moludmg
a primary coupling-coil T”;

the secondary
coupling-coil being at T2, a,nd connected to
the receiving .or: mdloatmcr apparatus and

radio art in various ways.. Of course, all the
coupling-coils, as well as the tunmg con-

60

In - addltlon to. antenna, A 011e (or. more)

- additional collectmg olroults 1s - employed,

respect. to the direction -of the transmitted
signal waves..

- Although circuit B. may as-
sUme- various forms of directional circuits,
yet it preferably consists of (and:in; suoh
a- mafmetlc
as described in my Patent No. 87 6,996. -

Circuits A and B are connected together S
w5

constitute the magnetic loop. B a,lso act as

‘an upper part of antenne A

Tt is very desirable, at least that the dlf-

ference between the amounts of static energy
tending to be induced upon secondary T2

by the two olromts respeotwely be less than 30

the algebraic sum of:useful signal energy
tending to be so mduced by th.e two c1rc:111ts, .

Iespeetwelv _ , c
The static dlsturbanoes arrive et the re-. -
ceiving station fromi various directions in al- 8__5_-
titude and. azimuth, which, of course, affect
POSSIblV a, larger pl Oportlon ()f._
the static comes from & horizontal direction. =
According to my observat ons on the. North

of static appear to come indeterminately

- from all pointsin the hemisphere above with -
~a certain preponderance towards the zenith;
the more bothersome forms of static, how-
ever, are localized and occur at mtervals SO
. tha,t by suitable adjustments of the ap para* -

05

tus, hereinafter desorlbed 1ts eﬁ'eot may be- .

T‘eatly diminshed.

Directional aer 1a,ls or oombmatmns of d1—- ot :
rectional a,erlal and open antenna herebefore_ TR

90



. known do not to any useful e;;tent ellmmate

‘the less bothersome form of static, because
it is impossible, by reason of the mulmphmt}r
of disturbances in all directions at substan--
‘tially every interval of time, to pmperly di-
- rect or adjust the aerials.

hand, the localized discharges may be elimi--
i ;jn,a,tecl by either proper adj ustment of the po-

15

40

~for practical operation.

too little exists

“On the other

- sition of the apparatus or by 11’1¢1I11pu;at1011' f-
of the couplings and cther adjustments.
. 1s, therefore possible to eliminate, by meam_:
 of the combined open antenna and magnetic
. loop, a large percentage of the more bother- -
. some form of static, but thlS 1% not enmwh:t
- - - tions permitting varmblhty of coupling-ad-
, justment by the operator. -
‘couplings Q and K relatwelgr to each other, =
the couplmg between the co:u_ls T and T’ may -
be v&rled A
.-__--ratlo between static and signal will be such ;
- as to render the signal aud ble under the
-+ most severe: condltlons. o
-+ Of-collecting circuits A and B the mag-
AR " netic loop B is'such a dlrectmnal or- swnml-i--_,-
25 recelving circuit as above indicated, and 1n-
" .the praetlce of this invention it is preferaw Y
. located with its plane normal to the vertical
- plane of the magnetic mrcles or lines in the
RER -:_advancmg wave front., i. e., the pl‘mrl of the
- 30 Joop is vertical to the carth and in ine with: -
- (pointed at) the distant transmitter, all as
- described in my said Patent No. 876,996.
~ Thus loop B is a directional circuit, and dis-
. posed to function as such and therefore to-
35"-rece1ve the signal waves very efﬁcwnﬂy
o The cu:'cmt A as here Hlustrated, s sub-
S stqntlallv NON- dlrectlonal in a horzmnmlj-*
- plane, but-it-is to be. understood that other
. types of aerials arranged in dlfferent p051— --
tions mavy be substituted. therefor : |

The collectors A and B receive from the':

~The object. of the present mventmn

~ waves both -signal and static energies, as
. hereinafter fully described, where the static
- energies are neutralized and suﬂiment swnali" ana
‘ enero'v retained to be useful.
- Collector B includes the prunary coumlmcr-- '
“coil T3, which, through primary coupli
~ coil TV in collector A, supphes eﬂerﬂy to the-;
- 50 Secondqrv couplmcr-coﬂ T2, '
EE -O'reater part of the static energy 1“'ecewed at
e the receiving staticn is prevented from reach- -
“ing the circuit of secondary coil T2; or, at
"__'least such a large proportion of the Statlc |
is eliminated from the receiving system that

1n the secondarv circuit to

]_]’]0‘...

gl

In accordance with thls 1nve11t10n the

~ prevent the operator from intelligibly read-

'ing the signals.

the followmg manner. .

Egualzzatwn 07’ Stm‘w 6‘%87"9’268

It

) --;'therefore to improve upon present comtruc-—-
- - tions and to provide adjustments and meth=
- ods of eliminating enough static so that the

o _t o neutralization.

in opposite di irections..

“ance with ‘the direction from’

Th1s result 15 Obtamed m;

1’907,572 -.: | - R

static e:ae:n:*ﬂ"y3 the;r never recewe the samé
amounts save by accident, and in order to
eliminate the greatest pmportmn of the en-

ergy due to static,the electromotive forces due .
to static which- are induced, across secondary

coil T2, by primaries T/ and T¢ in collectors

pling adjustment. -

A and B reapectwely, are made equal by cou-
Such equalization is per- -
‘mitted to be done by the operator, by pro-
viding variable couplmos between coils T”
and Tﬂ, and between coils T® and T2, respec-
tively, such couplings being mdlcated at K

and. Q; respectwely, by conventional symbol,

and. comprising any of the known construc-

Newmlzﬁatw% 0/’ stat?c 6?16?”9’268 o

~other, with the. result of neutralizing or
nearly neutralizing one another, so ‘that the:
‘resultant elecfmmotwe foree due to static in:
the circuit of secondary

zero, or. at least very much reduced as com-

'p:u*ed with either of the received static elec-
tromotive forces in collectors A and B prior.
_ - This setting in opposition
18 effﬂctuated by so connectnw' one of the pm—i -
1 1ts own collectmfr clr-

maries, L7 or. T8,

et that the electramotwe forces due to

coil T2 are
The means for doing
this in a pI‘ELthC‘ll manner is described more

stmm set up: across secondary

= partmuhrly later on., 111 connectlon Wlth'
“_Flﬂ'g ok I R

P‘?”éf’)ﬂ?ﬂdﬁ"aﬂﬁé 07" szgnal energfz/

111llus

trated 1n Figs. 1 and 2 has unilateral

__:-:-_-'dl“ectlonal pmpertms as is well known; the
~amount of . qd]ustment necessary to equalize
and. oppose the static energies received by

-the collectors A and B will vary in accord-

which the
static comes, or the relation between the wave

.:'fmnts set up by the static. dlscharge and the

aerials. 'The prime purpose of the invention

is to oppose and equalize the static received

by the aerials to eliminate the greatest pos-
sible amount. In some cases thls will neces-

- sitate. the sacrifice of a- cc::mpa;ratwely large

amount of signal energy received by two
_aernls especmlly if the static dlscha"rn*e 1S 1N

the chrectmn of the transmitting station. In
- such cases, the setting in 0pp031t10n of the
~static ene“frles recelved by the collectors A
- .and Bis accompamed by a setting in oppo-

Notw:tths*‘andmo that collecfors A and B
1f properly constricted and positioned, may'
'_”recelve substantmlly 5111111&1:' amounts of

‘sition to each other of the Swnal energies
‘received by the collectors A and B. Inas- |
much as the static discharge rarely, if ever,.

T? is substantially

Smce the system of aerlals herein dlsclosed'

8(

By adjusting the

: The electromotive forces due to the energy
of st tatic, which result from the above equali-
zation, are. then set in opposition to each _

90
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comes from a pomt n lme with the trans-:
mitter and receiving station, by reason. of
the unilateral” dl“eotlve properties of ‘the -

system, sufficient signal energy will- rem"tm**'- .
Comparmo' this. result w1th that in the case

g collector B alone (receiving signal
2000, static 5000 as above), it is seen thatthe

10
-

20

1,807,578

atter ehmmatmff etatzo to be useful

This preponderatmg O TemaIning eleotro—'
motive force of signal energy. received by
- collectors A and B 1s'sufficient to operate the
- indicating apparatus so that the signals are.
In feot even
if the static be not cor ’1p1etely ehmmated or-
excluded ‘from the secondary circuit by the
action of neutralization; yet theé ratio of sig-
nal mtene1ty to.static intensity in the eeeond—-_.,

mtelho‘lble to the operator::

ary circuit is so greatly.increased by the use .
of this invention that altvays signals:can be
read under :such bad conditions “of static in-
the atmosphere as otherwise would preventi—

intelligibility of even strong signal responses.

_Thus. for e*:ample take the actual instance.
of a use by mé of the embodiment of Fig. 1
(data of whloh chances to be now at hand),

wherein, at a given instant, collectors A-and

- B .were reoelvmﬂ' energy as follows., in terms

25

- Thereupon the etetlo energies: fr*om the ool-—_
lectors are made more nea,rly equal in their
effect. upon the seoondary by the oouphnO‘_
.coupling adjustment
might have h cen done in either or both of-
two ways, 1. e., either (a) by tightening the

coupling K between the coils T" and T%, re-
" from circuit B the mten31ty of static response = i

would have been nearly three tlmes as. great- o

._ _ 35:
1
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“adjustments.

fo: tmtously, with the following

of units of c:10'nftls which would be bareh;;,
_f.mchb]e In- the absenoe of stfltlc o |

ST Colleotor A |
Slo’nal 600  Static 4000

Colleotor B
Slﬂnal 2000 Statlo 5000

- This

sulting 1n increasing the amount of static
energy and cegmi energy transferred from
the.collector A to the secondary T2; or (b) by
loosening the coupling between the coils

T2 and T2 1"esultmn 1n deoreesmﬁ' the amount

of signal and static energy transferred from.
In the

the oolleotor B to the secondary 12.°
ogiven case, the latter method was chosen,

energy, in units of audibility, Whl(}h oolleotor
B tended to transfer to the f‘eoondery T2 .

Slgnal 1600 Statlo 4000

Thus the static’ was apparemly equehzed_; _.
in-collectors A and B, the secondary (T?) re-
ceiving §ix hundred audlhle signal units from:
collector A, as noted in the first above sched-
(All the above figures represent actual
The result thereupon, of set-

ule.
measurements. ) -

ting in opposition the two totals of electro--
motive forces fr om A and B, would produoe,'
according to theory, zero statlc energy 1n the
- eeoondary (1?), and would produce: usefnl‘- -
sional energy in the seoondary (T?) of six
teen hundred minus- six hundred, or one
thousand times evdlblhty In fact, however, |

change m |

actual measurements showed the result in the

seeondary cireuit - (ot Tz) to be ags follows
o Slgnel 600 Stetlo 100 -

of usin

. ,
' .
-
a ) -
. . -
.- - .
) ) r =a
- L} .
L
.
. '
r
-

use" of this invention gave an 1mprovement il

of the ratio of intensity of signal to intensity
of static, in the seoondaw ClI'CB.th from four-: 7 .
tenths of a unit to six. umte 1. e, en 1mprove-'j_ R

ment of fifteen times.

The above difference between the theoret-;}
10‘11 result and the actual result is -believed: -
to be. due (a) to unavoidable losses of signal 80 .
energy - 1‘1 any embodiment of the mventlon R
and (6) to the intentional omission to use-or
employ ‘refinements of ' operator’s adjust-.

- ments and re-adjustments for equalization’

and neutralization which if used would pro-. 85

duce a result which would be an improvement. .
but not worth the time necessarily consumed.
A valuable feature of the invention.is the
‘magnitude  of improvements obtained by
”elmple adjustments quickly made. Asa prac-. !
~ tical matter, all that is necessary to be accom--

plished, for example, is the elimination'of a-
- gufficient portion of the static to prevent a

static response which shall be, say, any-more

intense than the signal response; and that is

accomplished readily by this mventlon byan.
ample margin without adjustmentsconsuming -
much time, as indicated by the above example: -

showing a’ result in the ‘secondary circuit of =
“useful energy six: times as. great as static
energy ; while without the employment of the

invention, the- intensity of static response
would have been, from circuit A, nearly seven - .
times as greet as the signal-response, and' .

as the signal response.

Before equalizing and neutrehzmo' thej o
- statie, the operator 1s to tune. collector B to
the transmltted signal-waves until his tele-
_phonee indicate the greatest 1nten31ty of-s1g-

105

nal response. This he may do by adj ustment,
of condenser C or of inductance T3 or both. -
This tuning may be-done, however at any-

_ stage of the operations if' desn'ed as for ex- 1
 ample in a case where the static is "at first too
 bad to enable the operator to distinguish the:

signal with sufficient clearness to. permlt ac-

curate tuning. - -

~ Also, before iﬁ%}thlnﬂ‘ the COUleI}G‘—ad]HSt—'; 1}20

ment for equalizing the. static, primary coils
T’ and T* are assumed to be so connected to
each other with respect to secondary coil T

as to permit neutralization of the eouahzedl
static (see infra; as to the sw1tches of ¥ 10* 2.
employed 1n: praotloe) o

Also, before making any-of the operator e '

- ad] ustments for ezeoutmg theé 1invention, .

'ea,ch of the primary coils T/ and .T® is as- R
sumed to be medmmly loosely ooupled to sec- .1—39 o




-_ ender coil T2 asa eendltwn precedent _te the

. couphnn'-a,d]ustmenb for equalization.

‘The collector A is also provided with eh? :
| 1nductance coil I, constructed to be edjust—?'}_end further decrease the static. .
~able and variakle fer the purpose of tuning,

~ which can be done at any time that the eper‘t-;v .

- tor deems convenient and edventacreoue

L fermatmn
10

It has been found that eemple

‘as by way of a secondary circuit. - These com-
plee wave formetmns are. espec',lelly notice-
-able where the collectors-
“aperiodic or single pulse waves, such as static. -
These: formations are not as netlceeble anc
connection with the signal waves, as the lat-

are excited by

ter are but feebly demped and- the}'r persist
for a long en rough time to:permit an. oppo}:g_
“tunity to eet up.a WELVG train in Whleh there_-

' -i(lI‘e e C{}ITI'[)IBX WavVeE: JZOI]T‘{]. 101’18. [t

t“-ﬂ . :.
R i N

~ have devised means for overcoming and pre-:

- venting these . cemplex wave. fermetwne or’ -
o o ~ when. desired, in order to effect the best re-

. These complex wave Iermetlens are Ofi
. _.e‘eeh a nature that a large percentage of their.
energies transferred to the secondary can-
5" not be eliminated by coupling. ed]uetmﬂnt B

| -:ceuplmﬂ waves.

Roi

Ll
Lt

.

~wave length.
used in an actual eenstrucflon 15 deeeubed..
L - .'-_stetle response)- than the other.

o
A7

CO

1T both
'1*e51stence 18

=

plex wave

~This means,

as here 11111c*t1*ete.l ef”ectrve means
vided for pleventmfr the complee que
formations above descriped. - |

In placing such . Tesistance R as. here
-_enlv ﬁfteen times. -

I‘.w' 92 .18 a more " detelled dleerem of the_-
same embedlment as Hig. 1, shewmg the op-
The
- parts i If1g. 2 which are the same as 111 Fw
‘lare lettered the same. T

‘shown.—that is, in the open-antenna circuit,—
it has been peemble to make the energies re-j;
ceived by the two derials more nearlv equal :
“as without the resistance the open: antenne,-r-_.
~would receive a larger amount of energy.
The resistance R is erhusteble and ' can be
adj aeted by the e*jeratort until as noted bs v
~the ear at the receiving telephone there i isa.
. marked decrease 1 111 static response. 'The nec-
essary amount of resistance, of course, de-

pends upon the other characteristics and con- .
have found that under any given set of cir-

cumstances one or the other location of point
(1. e, less

SWltch Yis

‘stants of the system -and upon the received

The specific Iesmtance that I-
X permlts merkedl hetter: results

more fu Hy hereinafter. .

Trr especiive of the ,uetn*f*e GE tlﬂe electrlcal'-ﬂ%.'-
operations - that are taking place
| f‘Vetem which T believe to be due to the com-~
described, I find
- that the insertion: of a resistance, such as Ry
in either aerial or both, where such eeuplee.
loyed, preﬂuces surprlemo'-
results in eliminating static. - S
After the adjustment of the remstanee R,

011:.:__eft_e1‘: adjustment of any of the other parts 0011 T’

formations above

aerials are emp.

-. Wevef:
, O eeuphnﬂ waves, are set up-in
‘systems- such as here dlseleeed in which a
‘plurality of aerials are coupled: to each other,

will be needed.

in the felm here 111115trated
<Y comprises a resistance R, shown as a- non- being cbtained.
 inductive resistance. As here illustrated, this
resistance is inserted in-the colléctor A, al- -
~though it may be inserted in the aerial B, or:
It has been found that when sueh-f

placed in the syetem in either

~aerial or both or:in the open antenna aerial,.

is: pm-;f this respect 1s- eﬂorded by a comparison of

~the two cases mentioned’ above, in ‘one of
which the ratio ‘of signal to stetlc was in-

Fi
' '_I‘les 1-and 2, either to the right (see Fig. 1)

_this g

: 1,907,572 .

of the epperetus pa,rtwulerly the couplings,

- it may be again necessary to adjust the coil
L a,nd the. condenser Cito l*e-i:une the clreultsa o
The amount of resistance R necessary in %0
a given system - depends, of course, upon the
--.-3'-e..-,{tent of adjustment, or upon the tightness
or looseness of the: eouphnfre between the
There-; |
fore, if these couplings are- t*crhtened or-
-'leosened at any time, it will be necessary to
readjust the resmtance R. This can be done
by the: eperator who will soon learn from ex-

aerials and the secondary ecircuit.

~_perience what eddltlone,l adjustment of R
- The: ceuplmg ad]ustment?- .
above described me} consist of either tight-

eelephone, R

-~.The ebove series ef operetlons mcludmb R
tuning of: collector B, admetment of R and
L, eed adjustment of couplings K or Q, or
':both may be: repeated several tunee 1t end5 REREEE

sult or to meLe sure that ‘the best results are -
The best result is, of course, - 99;
thes gnele Wthh are most readﬂy mtelllo'lb]e': o
to the: pertleelarr operator who is mekmn' the o
adjustments. -
exist  where

Sometimes circumstances may

ple of such potentiality of the invention in
creased twenty—four tlmes end 1n the other

erator’s switches employed in practice.

“The partsin Fig. 2 Whlcb ere not ShOWIl 1n

SWlteh Y is used to locate the pomt X,

of coil T? or to the left -of eondenser C-: I

‘double-throw - switch, as 1is

- single-pole
ehewn
operations, but the preferred stege 18

| eerlbed later on.

Switch V. is a. 1*ei.rei'emfr swﬂ:eh b;r Whmh

in their GlI'Cﬂlt B, and coil T® is reversed with
relation to- secondery coil T2 and primary
SWltch V isa double pole, double—

it is desirable to take the time
to make such’ re-adjustments; and an exam-

1 are the opemtor s switches Y, V and S..

It may be worked at any: Steﬂ'e of the
de-— |

uuuuuuu

emne' orloesemne' either ceuplmﬂ' KorQ
~to Increase or decxease the amount of static.
~and signal energy transferred to the eecond—* :
ary cii cmt from icollectors A-and B. The &
' operator recognizes the best ed]ustment by
~ the lowest mtens;lty ef e{ etm 1‘eepense mn: hlS-

110

115

120

125

primary coil T®, and in: the present showing
--condeneer C; ere reversed in their connectmn

130




1,907,572 502

throw switch; and its connections are clearly aerial _ | -
e -~ collector: A is-then-tuned by any suitable -

_ shown. . -

10

15

25
30
35

40

. 45

- 50

- shown. |

order:

" The switch V is important inasmuch as.by -
throwing this switch to one position or the..
other the amount of static received: is: enor-.
mously increased or enormously. decreased,
according to the direction from which 1t.1s
coming. At any rate, the switch V.should be -
so arranged as to set the static: energles re--

ceived by the aerials in opposition in- the

secondary. =

Switch S has béen.-sﬁpphed to reverse the

primary coils T’ and T? with respect to-each
other and with respect to the secondary coil . _
“dition of medium loose coupling, in- order

T2-for this same purpose,—that 1s; to.cause.. up _
they may be tightened or fur-.

opposition of static.. It will be hoticed that
this switch is located in.a different pesition - loos S R
. 4. Operation of:switch S to each of 1ts two ..

in the system and broadly performs the same

_20._ function as the switch V.- Yet it may be use-

ful in order to secure refinements of adjust-

ment by reason of the fact that in such a
orouping of coils as T/, T? and T® there are-
~ present not only magnetic or inductive cou-

- plings but electrostatic couplings as well, and, ..
hence, the reversal of coil T” with respect to
T® may have a different effect upon the sec-
ondary T2 than. the reversal-of coil T? with..

respect to T,

The. operator ' ;_"'maiy' _then ad]ust 'these

switches to obtain the best results as deter-

mined by trial and observance of teléphtmg

response during static.conditions. - Theprop-

er arrangement of coils for neutralization
should exist before the operator begins to ad- -
just R or L or the couplings K or Q, or both,-
~ or refinements of adjustment,.or for the pur-
poses of equalization of the static. If switch.
V or S, or both, be used, the operator, atter.

determining by the response in the telephones

the correct position of switch V, next deter-

ot Lﬁ. RaQ an_d' K.,
SWlt(}h S 18- also a

Tt is clear that the switches

sults as herein described.

- Summing up with reference to Fig.’_:i'Q;':.:th'e

steps by which the invention is executed are

as follows, .and

generally :in. the Tollowing

1. In installing directional-circuit B in re-

~ spect of a oiven transmitter; it is- moved .to

60

point more Lﬂirecﬂy toward the distant trans--
mitter, while being kept vertical, until the

loudest signal-response is heard in the tele-
pho

 with the transmission. - - o
* 9. Collector B is tuned: to the length of the -
transmitted signal waves, as by adjusting
“condenser C or inductance T%, or both. - At
this stage the switch S must be open,-as each

ther loosened respectively.

and frequency. o oo o o
8. Location - of. point X by switch Y. _
. Switeh Y is closed in each of its two positions ...
‘alternately, to enable the operator to deter- -~
‘mine, by the telephone response at each. Pposl-
“tion, which location:of point X gives the.

_ of Fig. 2 and
their connections may be rearranged or com-.
bined in various ways to effect the same re- int .

o ' . weaker response to static, that being the posi- -
" tion in which the switch is left.. =~ . .

G

aerial is preferably tuned separately: The -

means, such as the inductance I, the switch S -
in this instance being clesed and the switch.:7 -
'V opén. Both switches -V and S are then V. -
closed.. Generally, better results may be ob-" .

ained if this step is repeated after some or . ..

each of the subsequent steps-of adjustment,- - -

because the latter (as the coupling adjust- = -

ments) are:liable to affect the wave-length of -
circuit-B.  Such: subsequent tuning adjust-. -

5

ments of circuit B, however, generally do not -

‘require as much-time as the first tunming. - . =

3. Adjusting: couplings K and Q to.a.con- .

that, later on,

.

closed positions, alternately, in order to de-

=
. F
-, .
- . o
= a Ty
L

“termine; by the much weaker intensity -of~' .. =
static response in the telephones m one posi~ -
tion of the switch, that in that position pri- -

mary coils T/ and T? are in proper position . - -

relatively. to each other and with respect to~ ..
secondary coil T2, so that the amounts of %0 ==
static received by A and :B, respectively,are ...
in opposition and, to a preliminary degree, -~
neutralized in respect of their effect on sec-

. 5. Tightening or loosening of coupling K, - = =
‘or -loosening or - tightening; coupling Qs or "~
both orall, in order to make more nearly equal... ="

the induced:efiect. on: secondary T%- of:the -~
amounts of static energy received 1n A"ﬂﬂd~]3' L

as the result of adjusting R and L.:

o L Abew

@ and 7. The resistance R and inductance =~

+
- =

- 9. Reversing the connections of 1° and C,

‘1., or-either of them, are. then adjusted until- -
“the best response is obtained in the telephone. .«
~The purpose of the adjustment of R has
_ already been described above, and the adjust- 405 o
mines by similar trial the correct position of ment of Rand 1 oreither of them, alsotends:’ ~ -
switch 'S, and then he begins the adjustments to make the amounts of static in the colle¢-i-:-
ST T 0 tors A and B more nearly equal in intensity -

ouble-pole, double- N R

throw switch, and its connections are:-clearly - 110 .

fmsd
L R
il

inclusive.. Switch: V- is for this purpose op--
~ erated either before or after switch Y, and

eitherof them may be operated at any stage; 120 s
but preferably directly after the tuning of ==
collector B in case the static conditions are -

v
. ro-
'
-
f T

ent intensity of static responses for:the re-

“gpective positions of each switch.

es, WhiCh Will‘indiCate_ ﬂi_&t-it 1s I '-1i_116’- 128 N

" When switch S ‘has been. operated (as in-- ..

step 4 above): to obtain-the condition of neu- .. -

tralization, then whenever thereafter switch - ..

V is reversed from the position it occupied at . -

130 s

the neutralization -position of switch S, *% =
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switch S mustbe revereed e}.multaneously

with swﬂ:eh V 1n order to preserve the con-
The reversal Gf

tained by the proper setting of switch S, but

| 10 of the preferred relation of the loop B to:

40
45
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 damping.

condenser C and coil T2 to be ebmmed by
proper setting of switch V. THence the-ep+-.;

__ sponse, the correct setting for switch V with-
15 out sx.multaneeuelv reversing : both SWltChe‘Si

_____ V.end S B

results

Dmphasm is to be placed on the fact that after_.'e
the condition of neutralization is obtained by.
the proper setting of switch S, it is neces- -
sary, in order to preserve that condltmn, that.

~ whenever switch V 18 reversed switch S alee;f
" must be reversed. | .

The ‘above method of mampulatleg thel.%

specific system herein shown and described

eumstances

The prime pilrpoee or ob]ect to be aehleved -

1s the equq,hzatmn and neutralization of the.
static, at the same time retaining sufficient
s1g ional to be useful. ‘Other means than that

the static energies and their relative amounts,

- such as, for instance, the proper p051t1011111frﬁ*

of the: “LGI‘I&IS espeelally the loop, with ref-
erence to the ‘wave front produced by ther
etqtlr‘ discharge. -'

opposition, it is necessary that the oscillations:
of the static energies received by the collec-
tors A and B must have substantially the
same amphtude, frequency and decrement or

60

only takes place when the energles are at -
~ every instant during the wave ftrains pro-
65 dueed by static equal and 0pp051te

~such destruction in turn -WGHld me.sk the effect g

Such snnulteneous reversal s .

ThlS g

- The

“these turns.
‘the
:-.Ellld 3

J;{twenty two - (22)- m1111hem 1e8.

_ eteps me,}r be repeated to ebtam b? ﬁner a,d-
30. .]uetments of C, L, R, K and Q, ete., |
Jetfer in- denrree but thet mest 0-{ the in-

eondltmn is secured by the present invention.

details of the apparatus eomprlemg
-the pe;rtzeular embodlment shown in the
.......... fOllOWS

p '..'-.:hundred Ieet 103{10" by twenty' feej,t 'h‘lgh the';fj‘s o
p051t1011 -and neutmhzatlon Wluch was e'b' lower side of: the rectangle  being &

“above the ground.

: lele =

being spaced one foot apart.

e A T . . .

en feet
leep consmted of .
Afour turns of number sixteen copper Wue,t SRTETEEE

95

~Condenser C was a vumble Q11 - eondensel- R

range of inductance from zero to ninety (90)
.-._:.;1111111he111 ies, and was Varlable by smell steps;; '
'-‘ef ‘1bem 0

ne mﬂhhenry each..

; @seetor . w.lth .slldmg.eonteet and had a range

--.fmm zem to. seventy-—ﬁve hundred (7500-) ¢
. e-OhlIlS »

[ - .

~Hor.

eteted 1arge1_ or _smaller values of mductenee

_'.::md cap‘mlty should be used, and those may

had ‘an operating range from zero to .
erator cannot determme, by the telephone re-. jﬂlree -one- thousandths - (-0-003) Il’ll(}.]j‘{)fal ad o

Primary coil T/ had a:like mductdnce {)fs-e ST
. ---twenty -two (22) ‘millihenries. .
- Inductance coil: L. in collector. A had a

: : He » : . : R e L

.........

I__-i-:steen thous*‘md meters such | 'uee‘d'at present o
L In trens Atlenme eomnmmceflon

‘be: determined appr ommately by the Well- fi-;ﬁ_:

years, 1t seems. unnecessary to explam 1n de- -

may, of course, be modlﬁed aeeordmﬂ' to cir-  tail the advantages or value of the mventlon .

absorbing -energy radiated by _
‘the netu're of which absorbed enero'} is-char-
‘acteristic of the direction of said transmit- -
- ting station, absorbmrr energy radiated by

' L eeld tr‘memlttmrr station, the nature of which'
In order to obtain thls neutrahzetwn and

known formulze fer resonant: circuits..

~Inasmuch as it is the fact that the praetlcel U
;use of this invention in the trans-Atlantic.
_:--’Sﬂrmce of the Government has demonstrated -
- that it accomplishes for the first time results

105 - -

which have been aimed at for nearly twenty N

I claim broadly:

1. In a umlateml

‘shutting out all other eleetrlcal energies of -
‘here 1llustrated may be employed to oppose

d1:t'e ction receivin 0"::' o
) System the method of - selectwely receiving
~signals from one station and subetantlally.;

receivable frequency comprising the steps of, -

saicl . Jtatlen,'--'-s S

120

absorbed energy is non- cheractememc of the

cirection of said transmitting station, produe-— -

-energy, adjusting ‘the amphtude of one of:

ing currents characteristic of each abeorbed o

125 .

said currents to equal the amplitude of the

-In other words, neutrahzatlon “ other of said currents, affecting the phase of
“gald currents-so that the phflse of currents.... .
vesulting from other than signal energy it is-

dee:x od to recewe are subst‘mtmlly 0pp0a1te 8%

130




~ system comprising a plurality of absorption
members, which consists in absorbing signal
and static energies in-said members; equaliz--

10

15
‘nals from one station and substantially shut-

1n-phase, 'ancl' combining said currents where-
" by the currents resulting from energies other
than the signal energy are substantially

eliminated ‘and only signal energy rémains.

- 9. The hereindescribed method of redue-

ing static effects on a.unilateral receiving

ing and opposing the static energies in the
said members- to neutralize sald energies,

damping oscillations in one of said members,
and detecting the signal energy absorbed. -

8. In a unilateral directional receiving sys-
tem the method of selectively receiving sig-

~ting out electrical energy of receivable ire-

29

30

quencies from all other stations comprising

~ the steps of, absorbing energy radiated from .
20

said station, producing current character-

istic of the direction of said station from the
“absorbing point, absorbing a second portion.
of energy.from the energy radiated by said
station, producing current, the "nature ot _
which is non-characteristic of the direction ‘a radio station which consists of receiving
of said radiating station from said absorbing
‘point, damping out oscillations in said ener-

-

‘oies produced by absorbed energy other than
the signal energy, superimposing said ener-

oies in like amounts

"4 The hereindeseribed method of reduc-

ing static effects on a receiving system at a

receiving station comprising a plurality of

“collectors having different directional prop-

“erties, which consists in recelving both static.
 waves and a maximum of plane polarized _ _
“signal waves on each of such collectors, add- ing at other points on the compass compris-
ing, by differential adjustment according to
the direction from which static comes, the
static energies received in substantially equal.
 and opposite amounts to be neutralized and.
- adding the signal energies of radio frequency-
received in substantially -unequal and op--
posite amounts, leaving a - prepondering.
‘amount of radio frequency signal energy due
to the optimum operation.of the more direc-
tional aerial for useful operation of a de- , | _
S o inducetance in said linear conductor variably i

.40
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tector.

5. The herein-described méthod of reduc-
ing static effects on the receiving system: at
a radio station which censists of subjecting
“said system to the influence of signal and.
static waves collected by a plurality of col-
lectors, preventing the formation of couphng
waves in said system, adding the static en- -
ergies received in substantially equal and op-

posite amounts to be neutralized, and adding

the signal e-nergies--r%dmd Jeaving a pre-

.

pondering amount of signal energy for use-
ful operation, -

6. The method of selectively receiving sig-
“nals from a desired transmitter and for sub-
stantially eliminating electrical energy ra-

s .
a
. . Pt .
e
. o
- . "
L
r N '
.
A

: diatiéd from "'all'-_._dthér.z -:-:'];ooiilfsf 'ﬁéludi'rig ‘the

steps of, absorbing energy radiated by s_a-idf_f_.__.'- :

transmitter in two portions, producing.oscil- -

lating: currents by the energy of one of said. |

' &

‘portions which are characteristic of the di- 70

rection of said transmitting source fromsaid.
point of absorption, producing current os- -

cillations from said other portion of energy.
‘which are non-characteristic of the direction
of -said transmitter from said- absorption ¢

point, adjusting the currents produced from =

. 7. The herein-descri

the resultant energy. .

. r L]

energies received in substantially: equal.and.
~opposite amounts to be neutralized, and add-
ing the signal energies received leaving . a. '
prepondering amount of signal energy: for -
‘useful operation. = . . .o

- - . .

8. Means for selectively. receiving signals

i - b

from g transmitter .station and for.substan-
tially excluding electrical énergy originat-

-4 .

ing, a movable frame serial in the form: of 19
a closed conductor, a- lumped inductance in ..
series with said cenductor, means for tumng
gaid frame aerial to the signal frequency, a.
vertical aerial comprising a linear conductor. -
one terminal, means 1

connected to ground.at

for increasing - the capacity. of said linear

‘several portions in phase so that the currents
~ resulting from energy other than signal -en-

ergy substantially oppose, regulating the am- N

plitude of one of the produced currents to ¢
substantially the same amplitude as the other -
of the produced currents, combining said
produced energies, damping -out oscillations. -
in the combined currents which result from. -
energy other than signal energy from said. ¢
transmitter, and producing indications with -

o L

‘herein-described method of reduc:
ing static effects on the receiving system at
06 -
“static and signal waves directionally and non- -'
directionally with reference to any desired. .
plane and at substantially the same- pomt - .
aid . “relatively to the wave length, preventing. .
ts to produce resultant en- coupling waves by damping, adding the static ¢
“ergy, and producing indications. with the
resultant energy. - . LT

ch o
R

(-
ey -
C-') .

gerial. including switching means for con- -
necting said linear aerial to sa id frame aerial

at either side of said lnmped. inductance, an-

coupled to the inductance in said frame aeri-

al, a damping resistance in said linear con-

ductor for damping out oscillations.of a cer-. . - |

‘tain type which may appear “therein, and .
means _._fOI' :C_Oupliﬂg ?'bO_th' ot Sﬂid a;e'r-i.als t 0a -.

receiver. .

conductor. - L

- energy from-a deszired source and exeludmng. |

0," An arrangement as claimed in claim 8
in which said vertical aerial is tuned by
means of a variable inductance in said.linear,

energy . from other sources. which includes =~

the steps of, absorbing energy radiated from. -
said source, the Charae;terlsth_gof which ab- +



. ,

ta
et

sawd’ energies,
-_enerfrm% 5 pmuuw a- resultant ERERE
; lLAppar%m for receiving mdw Com-
inmmcatmm from a given- d]qtfmt transmit-
ter through mtfrfm'mwe originating out of n
~direction therewith, which comprises ‘two

Means’
. --_aerml wstcm_, I SR
12. In an appara tuq f)f ’[he ch*’lracter r]e--!f{
:'qcrll:‘ed a° }}llll‘ﬂ]ltV mL aerials ooupled tos
20 gether and means associated W#h said aeri-
~alsto prevent wave excitation in said aerials
-~ from proaucmg comnlm 05{31113*“10n== n thei-_
'_Q‘STQtel'IL o y : o |
" 18. In an appamtm 01” ﬂm clmracter de-": t
_f:r*rlbed a plurality of: aerials having differ-
ent dlrect}onal properhes and coupled to-
cether and means associated Wlth %*nd aeri-
 als to prevent wave excitation in said aerials
-~ from- producmﬂ' complex Qﬂcxllatm*}% in the;.__
.40 system.- _. | S
014 Imo appqmtus of thp chamcter dew

sorbed energy 1s Itpleaentatwe of the duec-:-_'r
tion of said source, absorbing energy from
<aid source, the characteristic .of which ab-
sorbed enuf}y is non-representative cf the .
5 direction of said source, regulating the
- plitude of one of said energies S0 th*‘zt the:
~amplitude of both of said energies is equal,

~damping out and compensating on t-0f- phasu_-'
- energies In said absorbed 611@1"33‘"' ‘combining-
E?Ild utilizing ‘said ¢ u{)mbmpd

~aerials of subst ant*al Iy different dlmctmnftl;
 properties; means forsetting in opposition to t
- one another the currents. dne fo the effects
-'upﬂn the respective aerials, of interference

29 originating from sources out of direction
~ with the given transmitter; both aerials be- ]
. ing (311811}056(1 to receive as mneh energy -as
SRS pessﬂjle from the given transmitter; me
- for uqe{"ﬂlhr receiving tbe ]31*8‘;3011(:1&1'&11@@ of -
?enerﬁ‘y from tﬂe ‘given transmitter:
for - Varvlmr the rlampmt“ 01” %‘ﬂd;

scribed. a plurality of aerials comprising

5:45

~ coupling means between them for equalizing
‘and opposing static energies received there-
by and a resistance associated with said aeri- -
als and of an order of magnitude to promote’"

B ﬂ'l‘“ mnent: .f.ﬂ“imf‘wm 01’ f'._ﬂ”"] qhhe en E’*T'lee‘%

o0

- neut‘r* alizing the
| fhe**ehv nd A re%]qtanr‘e %%f‘mted with said

‘aerials and of an order of n'nmut 1de to pro-.
mete gaid neuwtralization. T
16. The method of recewmrr on two aeri-

55

~alsof Suquntmlv different d II‘PCtlf}'ﬁﬂl prop-
“erties; radio communication from g given.
1nt91 ferencn.

- 60
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“aerials, ¢

| 15 ‘A il ateral 1’*{3091?111# system compms—lz --
‘ing a closed loop and open aernl a reversible

an d

(‘115**‘11113 t zmsnntter fhrmwh

......

_c'onswtfs 1r1 %ettmcr in nppomtmn t() cme an-

~other, while damping the. aerial system, the a
~ currents due to the effeets on the respective
of interference from dlrectmns out
of direction with the given tra ansmitter, while
a5 POoS 81b1e :Erom_

recelving as much energy

ame-

tively,
anc tuned to the wave leng:rth of the tmnsmlt- |
. ter; means for setting ‘in opposition to one
-_another the currents due to the effects upon
the respective aerials, of interference origi-

IS

“and

‘sign al impulses.

| o 1",:907,'5‘_7;2: B

“from the: aiven. traﬂsmltter.

'H..dt.,'f

17, APPM'MUS for receiving radm com-
:=munmat10ns from a given dlstant transmitter -
through interference. originating out of direc-
tion therewith, which comprises co- operating
‘aerials of the closed and open types respec- -
the closed circuit aerial being vertical,

the. g:w en’ transmltter by each .:wrm.l and
=_.._¢s-:?fl_1113,f TeceIving: th(, prepondemnce, of e_‘[].. o
LI ﬁ X7 _ _ -

ating out of du‘ectmn with the tmnsml‘tter o

A8 A mla,tera,l receiving system compms—

;‘he loep being pointed as: nearly as }_361‘1’111&51-— 180 .
hle toward the transmitter; ‘and means. for
usefully receiving the preponderance of sig-
nal energy due to ‘the receptmn fmm the gwen o

tmnsmltter .
85

ing a plumhty of aermls hmrmﬂf different-di- =
rectional properties in any given plane and

;Lll arranged to receive signal waves of radio

Ireqnency from any given transmitter and all 00

~adapted to receive static impulses, adjustable 90
and. I‘{W'GI"EI]JIG couplings between said aerials
- for equalizing and opposing the static ener-

ries received for neutralizing them and for

-'-'_ﬂs:;(:hnrr the radio frequency Slﬂ'nal energles SERREE
Ieﬂ‘*m&' a PTepOHdBYmg amount of swnal en- 88 .

ergy tor useful ‘operation; a resrz;mncc_, asso-

.;_mated with said aerials and-of an order of
:‘.;-mmrmtude such as to promote the neutraliza- =

ion of static zmd a deteﬂter for said added o

19 Apparatvs for récewmgﬁradm.c.om— :

mumcatlons from a given distant tmnsm:ftterf
"thrmwh mtermrence originating out of di-
rection therewith, Wthh comprises. Co-oper--

ating aerials of the closed and open: types re-

_ Spectlvelv, means for setting in opposition to.

- one another, the currents due to. the effects
upon the. T*espectwe aerials, of interference
originating from sources out of direction with
be- -
ing vertieal, pomted as nearly as permmm ble
~toward the tmpsmltte*' and tuned to the wave
len gth thereof; means for usefully reeewm#_

~the
adjustable couplmn‘ between  them for. fgi snsmitters;.
static  energies received .

| &ampmﬂ of said aerial system

the. transm1tter ‘the clmed mrcmt ﬂ,emal

V&Il

prepon derance of energy from the g
t_he

‘and means for Varyln

-20. Apparatus “for recelving I“LdlD- com-

,_mumcatmns from a given distant transmitter
through mterference originating out of di-
-rectlon therewith, which comprisesa vertical
“closed circuit aemal, a substantmlly non-di--
means Tor tuning each Of-
- said aerials to the olven transmltter, a vari-
“able inductance. couplmgr betwee

aerials; a switch for reversing the connectmnf
_of at 1east one of the coupling: coils in its

rectional aerial;

aerml the closed eire! ut aerial bemo' ar-

rang ﬂd to. receive as. much energy. as permis-

1ble fr{)m the Owen t1 ansmltter, and a local

sald two
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circuit having a variable inductive coupling
with each of the coupling coils of said two
aerials. '
91. Apparatus for receiving radio com-
munications from a given distance transmit-
ter through interference originating out of
direction therewith, which comprises co-oper-
ating directional and non-directional col-
lectors and a local circuit common to both;
10 inductive couplings between the local circuit
~ and each collector; means for tuning each
collector to the desired communication;
means for varying the coupling of each collec-
_ tor to said common circuit; a switch for re-
15 versing the connections of at least one of the
- collector-coupling coils in its collector; and a
variable resistance 1n at least one of the col-
~lectors. | i . | I
29. The method of recelving on two aerials
20 of substantially different directional proper-
. ties and coupled to a common secondary cir-
cuit, radio communications from a given dis-
tant transmitter through interference origi-
- nating out of direction therewith, which con-
- 25 gists 1n tuning each collector to the given
- transmitter ; varying the coupling of at least
- one of said collectors to said local circuit;
causing the electromotive forces in the two
collectors due to static to act in opposition to
30 one another; and varying the damping of at
~ Jeast one of said collectors. - .
23. In an apparatus of the character de-
scribed, a plurality of aerials comprising 2
magnetic loop and open antenna, means com-
35 prising adjustable couplings for combining
the energies received by said aerlals, means
for tuning said aerials, and means for pre-
venting complex wave excitation in said
aerials, from producing complex oscillations
40 1n the system. - _ |
24, In an apparatus of the character de-
scribed, a plurality of aerials coupled to-
gether, means for preventing wave excitation
1n sald aerials from producing complex oscil-
45 lations in the system, and means for opposing
- the static energies received by said aerials to
eliminate static and leave a prepondering
amount of signal energy for useful opera-
tion. o -

1

50 GREENLEAF WHITTIER PICKARD.
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