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-'The invention-described-relates to electric tun-.
Ang: eireuits;- and-more -particularly to circuits-for.

Lreceiving alternating current signals, including a
pand of frequencies. The invention is especially

similar wireless transmission where the -gignal is

. transmitted by modulation of acarrier wave and :

. i composed. of a definite band: of frequencies.

. Whenselectivity; or the degree.of :separation.
95 of a-radiosignal-of one: carrier frequency From
undesired-waves: of - different -carrier frequencies, -

E is:accompl-ishedz-by,:the;:usual' method: employing

a.tuned: circuit or:several-circuits, the frequency.

resoonse -charaeteristic  of -the receiver-is rather
-5 -peaked;since there is .only-onefrequency at which

the eapacitive and inductive reactances of the eir-:
- cuit. ave-balanced. ‘At:any other frequency there -

- will be an unbalanced reactance, which cuts down

the response to:ssucht frequency. - -Thus, in receiv-:
.on.ing a-modulated-wave-of the character -referred -
$0:comprised:of: a:band of.individual frequencies,.

~such a system will receive one frequency .of - the

_band-effectively and the other frequencies of the-:

bandless effectively or not at all, with a resulting
signal distortion. :
- Tn.order-to-overcome this-disadvantage, -it has
_-been proposed, in the past; to-construct a-receiv-

_iing-eircuit-in such a:manner that it is; so to speak,:
-transparent. for a--definite:-band ' of frequeneies,. ..
instead-of a-single frequency;:or in:other-woxds,..
thatits. freguency -Tesponse- characteristic-as-.
~.sumes a-shape:asnear: ag-possible to rectangular.
-form, instead-of the markedly .peaked-shape cor--

=30

-, responding-to: a single tuned circuit.» Such:.cir-
-+ 95 cuits-are-well: known in-the: art and-commonly
-referred -to-as electric-filters. They: -consist:. es~
. sentially: of a-definite-number:of individual:units

-.or circuits; thus constituting a.chain of reaetance .

. units connected:-alternately.-in:multiple:-and in

40" series.~ As is-.well-known, the sharpness: of-the.

~frequency response characteristic. of such & filter
- 4nereases -with  -the:number- of Afilter. units, or-in

other-words, the cut off frequencies-at- both-ends.
: -of the band-become more-marked: and the curve..
. _gssumes & shape-more:-equal -to-the--ideal rec--.

~4angular form-as.the:number: of-the individual
units-of the filter increases.

Another- means-which-has been- suggested for

. obtaining-a: broad -band:reception’ characteristic

50--0f a-receiver, consists-in the.use of a-number.of -

-~ variable condensers-placed in different tuned. cir-

- -cuits;-such as the-tuned cireuits coupling: sucees- -

.sive amplifying stages and detuning-these circuits

in respect to each-other-in such- a:manner that:

.by-thesuperposition:of their: individual peaked

~In. other.words, I provide a band pass filter, in
.accordance with my.invention; which will have at
-least- a -double effect .as: to:-its-effectiveness or

the-energy .applied to the input of the filter; after
- passing: the same, -is wholly .or partly fed -back,

{(CL 178+-44)

resonance characteristics, the resultant action of

.a-broad.hand: characteristic:in the output circuit
-:ofi.the receiver is-obtained.

The disadvantage of the latter means to create

. §r-applicakle to receivers for- wireless telephony or.-an extended -frequency. response-curve of .a re= G0

ceiver,lies in the necessity of a great number of
tuning -elements. at each stage, or a combination
of staggered tuning elements- at-several: stages
.wherehby the - construction -of ‘the set is unneces-
garily complicated, or else the energy amplifica- 6
‘tion .at -each -of the-staggered stages of: tuning
does not reach its maximum amount;-since the
maximum ~amplification -will - only - oceur “when
exact tuning is satisfactory at each stage.

. Furthermore, it has-been found, - when using 7€
a flter -circuit-as referred.to-above, in the an-
tenna; or between-the antenna: and the receiver,

it is: necessary-to. use more than: two. units for
such: filter, in-order:to obtain a practically. rec-
tangular: shaped response curve such - as is-re- 76

ot

-quired-in-broadeasting where’ .only . a restricted

.channel -of. frequencies. has been- allotted -to the
individual- breadcasting - stations, and- where it

.-is. highly desirable to place the carrier waves -of
-.the individual stations-as: near-together. as. pos-- 80
-sible, without interference. of .the -individual sig-
..neal. chanaels. with- each..other. .This..calls for

a ; frequency - ~response characteristic - which
sharply:cuts. off. with-the limit frequencies of a
radio-broadcasting signalling:band;- which it. has

.been found, has.to-have a width of: at.least 10,000

cycles, in-order-to insure-faithful reproduction of

-speech and music.

..My.invention refers to a new, improved band
.pass -filter: system,- especially- suitable -for- radio
reception, which : with-a-.small- number. of filter

-units, preferably -two, provides a. considerably

increased. effect -as -to-the-sharpness of the cub
off~frequencies at.the extremities of: the band.
05

.sharpness. of; the frequency. cut- off. To- obtain
this-effect; my- jnvention-consists broadly-in that
108

preferably after ~amplification,- to -pass the filter
a second-time and- is.only. then applied to the re-
_ceiver- itself. - By thus utilizing the filter, so to
speak:twice, the-effect is--obtained - of. a -filter 105

~having. the: double number .of -eircuit units and

-gecordingly - presenting ..an -improved - response

. characteristic-as to the.sharpness-of the cut off

frequencies.
A. further :object achieved by my Jinvention, is 11¢
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that of stable regeneration sufficient to increase
the signal to a considerable extent over the full
wavelength range of tuning and, at the same time,
retaining the band pass filter action suitable for
the proper reception of signals.

A further object is to provide a system in which
the desired signal is transferred and gven. gc-
centuated, while the undesired signals are sup-
pressed or minimized.

Another object is to provide two tuned circuits
with extremely small capacity coupling by means
of which band pass filter action is secured over
the desired wavelength range.

This and further objects of my invention, as

well as other desirable features of same, will be.

explained at length in the following detailed de-
scription taken with veference to the accompany-
ing drawing. I wish it to be understood that the
drawing and the description are intended to be
Mustrative only of my broad inventive idea and
that the invention is subject to many modifica-
tions coming within the broad.and most com-
prehensive terms, as expressed in the appended
claims.

Figure 1 shows a radio receiving circuit with
the feature of the invention embodied in it.

Figure 2 is a circuit similar to Figure 1, in a
simplified arrangement.

Figure 3 illustrates the frequency response
characteristic of a single tuned circuit and of

- complex circuits or filters as used according to

40

the invention.

Figure 4 is a schematic diagram illustrating the
broad idea underlying the invention.

Referring more particularly to Figure 1, I have
shown a radio receiving system comprising an
antenna-ground system 1, 8’ foi picking up a
modulated radio wave such as a broadeast wave,
or any other signal comprised of a definite band
of frequencies. The antenna circuit includes an

- inductance 2, which is coupled to the inpu$ in-

50

- 58

75

_ductance 3 for applying the received waves to

the receiver. Inductance 3 is connected to the
anode 6 and the screen grid 7 of an ordinary
screen grid vacuum tube 5, this tube thus being
connected in reverse sense, in respect to the
antenna or input circuit. 8 is an anode battery
for supplying the space discharge current of
the tube. A further inductance coil 15 is con-
nected between the control grid 9 and the fila-
ment 10 of the tube 5. I have shown further-
more a band pass filter for extending the fre-
quency response range consisting of two multiple
tuned circuits, each comprising an inductance
4 and 13, and a variable condenser 11 and 12 re-
spectively. Both these circuits are coupled by a
series condenser 14 of comparatively small ca-
pacity. The variable plate systems of the con-
densers 11 and 12 are couvled mechanically, so

* that they may be controlled by a single knob in

the same way as in the case of a single tuned
circuit, whereby the operation of the receiver is
by no means more combplicated than the opera-~
tion of an ordinary receiver without band pass
filter. T have found that the specific type of
filter, as just described, is simple and cheap
in design and gives increased results as to the
sharpness of the cut off in respect to frequencies
outside the receiving band, but I wish it to be

) undersﬁood that any kind of band pass filter may

be incorporated in this new circuit, in accord-
ance with the broad spirit of my invention. The
inductance 15 is colipled te the grid and fAlament
of a further vacuum tube 17, which is provided
with ‘anode battery 18 and output terminals 19.

1,967,570

This vacuum tube 17 may be a further amplifying
tube or a rectifying tube, depending on the spe-
cific use of the receiver.

The operation of the circuit as described, is as
follows: The high frequency input energy col-
lected by the antenna is transferred across the

~coupling coils 2, 3, to.the input of the filter, and

after passing the filter. circuit, is applied across
the coupling coils 13, 15, partly to the grid of the
tube 5 and partly to the grid of the succeeding
tube 17. Thus, the energy applied to the tube 5
is amplified and retransferred in a kind of feed-
back through the anode circuit of tube 5 to the
filter, which is thus passed for a second time.
The amplified energy, after passing the filter is
then directed to the succeeding tube 17. Thus,
the filter circuit is traversed twice in succession
by the input currents the second time in an am-
plified form and the effect is obtained of .a
filter circuit possessing an increased number of
circuit units and a correspondingly extended
width and improved sharpness of the cut off
frequencies from frequencies outside the receiv-
ing bhand. '

Considering a signal of a frequency to which
the filter is tuned, it will be readily seen that

‘such a signal is not only amplified during the

passage through the tube 5, but on account of
the feedback arrangement there is also regener-
ative action by means of which the signal is
considerably increased above the normal ampli-
fication values. I have found by experiments,
however, that such regeneration is quite stable
and doss not result easily in oscillations, especial-~
ly if a resistance such as 16 is included in the
grid return circuit.

Another feature that will become apparent, is
ihat a signal coming in at a frequency different
from that to which the filter is tuned, will pass
through tube 5 in such a direction as to -have
the minimum effect on the output circuit. Thus,
this current will be applied to the plate 6, which
is properly screened, and will exercise only ex-
tremely small effect on the grid 9 of the same
tube. ! : o

Referring to Figure 3, I have shown a frequency
response characterictic A for a single tuned cir-
cuit of a natural frequency equal to fo, ‘consist-
ing of a single inductance coil and a single ca-
pacity. This curve illustrates the well-known
very peaked characteristic of such a circuyit.

A curve of this nature is obtained by plotting
as ordinates the amount of current or voltage
passing through the filter at different applied
frequencies. Thus, if the applied frequency is
varied through g range b, the response of the
output circuit will vary in accordance with curve
A, reaching a maximum at the value’ fo,  which
is called the resonant frequency. If; however,
two filter circuits similar to those of Figures 1
or 2 are coupled together by a.small capacity
or by a loose inductive coupling; then although
these two circuits are individually tuned to the
same resonance point fo, their combined effect
will be to widen the range of tuning; thus, in-
stead of curve A, curve B is obtained. Assuming
that the frequency band of the message to- be
received is equal to b/, it will be seen that the
filter according to curve A would pass only a
portion of the frequencies of the message and
that more than half of the side frequencies will
be cutb off since the range of maximum energy of

“this filter marked ¥’ in the diagram is consider-

ably narrower than the range b’’.
On the other hand, both the filter with cutve
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- A-and-eurve B ‘have-a:ecertain-amountiof fring-:
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-s.ing ‘tovfrequencies ‘outsiderof the-range birand
- up to.the Tull:range-of the:frequencies'b; ' Thus,

‘if -another-station -outside: 6 the range b’
with “some -wavélength-swithini‘the:range"¢f b
s sending ‘@ strong-signal, this strong:signal-would

- pe-passed :through such :a*filterand swould:pro-

10

--duce -undesirable effects-ih thereceiving system.

‘T have illustrated by eurve C-theé filteraction

~which -may ~be -expected by -utilizing‘the- system

- of-connections-in-aceordanee withmiy finvention:

- 15

- same ‘time, :the-fringing frequendies-outside  of-
I ithis way; -a filter eurve ap=::
-proaching very closely-toideal jg-secured. “A-sim-
- ilar effect could, of eourse; be obtainéd-by itiliz
ing ‘filters sitnilar-to’ the rone-described -in-eon--
~pection with Figures 1 -and 2 between several-
-stages-of amplification in-a multi-stage -setbut
- necessarily ‘the connections -would-be VEry-eoms=:
~-piicated and the-grrangement-would: require-ver,
—careful ‘tuning adjustment. -On the!other-hand,’
-the -system: of- my -invention; presents ai'simple-
and convenient -way - of securing- effective -;mter,t,.zing*~from.:the:'sc‘ope,"of.my 4qnvention as-defined in
. ~rtheappended:¢laims.
,.-Haying:thus described:smy -invention; what I
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‘the range b’".

I have -shown: this curve:to a-reduced ordinate

much- higher-amplitudes while- redueing, at-the

-~ In‘Figure 4-I have shewn arschematic diagram

- which illustrates the invention: further-as to-itsts

broadest spirit. I have shown at sTthecinput
output circuit, such as an amplifier or any other
translating device. The input energy supplied
to the input circuit I is passed through a filter
F and afterwards diverted info two directions,
one part being passed on to the output circuit
O and the other part being fed back, preferably
through an amplifier A and re-applied to the
filter, through which the amplified energy passes
a second time and is then applied to the output
circuit ©. B is a means for preventing the
primary input energy from directly passing
through the shunt path to the output circuit and
thus forcing it through the filter. In the exam-
ples snown in Figure 1 and Figure 2, the opera-
tion of the devices A and B is obtained by the
use of a vacuum tube, preferably a screen grid
tube. On account of the screening action of the
screen grid to which the input circuit is con-
nected, practically no amount of energy is passed
directly from the input through the vacuum tube
5 to the output circuit without passing the filter.
It may, however, be understood that in place
of a vacuum tube, any kind of a device which ex-
hibits unilateral electric conductivity may be
provided for this purpose and that furthermore,
it is not absolutely necessary to employ ampli-
fcation of the feedback energy such as is the
case, according to the circuits of Figures 1 and
2, owing to the use of a three-electrode vacuum
tube which, besides acting as a unilateral resist-
ance device, also performs an amplification action,
as is well understood.

In Figure 2, I have shown a modified circuit
arrangement embodying my invention. This fig-
ure differs from the arrangement of Figure 1, in
that the multiple tuned circuits constituting the
filter are coupled inductively by means of coils 20
and 21, in place of a capacitive coupling by the
condenser 14, in accordance with Figure 1. Fur-

“but

3

thermoreé, theiinput inductance coil:4 of-the filter
-is ‘coupled.:with.:the -antenna ‘self-inductance 2
~directly vand sthe;eondenser. 12,-forming: part of
:ithie filter;:serves at:the:same time as-a: coupling
~means of the-vacuum:tubes:5 and 17. According
~to thisrarrangement, the input.energy passes di~
avectly :from:the santenna - to. the tuned circuit
~ccomprised-of:the: coil 4; condenser 11 and-primary

20 of the coupling transformer. From this circuit

<therenergy passes through:the:other tuned eircuil’
wreomprised ‘of ithe secondary 121 . of . the..coupling
stransformer . .and variable -condenser :12;" "From
. -seale -approximating -the:.seale-of-the othe “bwo- -here part.of the enerzy will be fed back through
filber-curves for-the purposé of ‘illustration:”"The”
actual-effect of-passing the ‘message through+the"
came filter-twice, - with-an intermedidie-regenera-=
-tion: by-tube’ 5, is‘toraise the: peakivalues:to-very

he:screen.grid:tube:5 to:pass:the tuned eircuits 4,

:1,zan improved:band pass filter action is secured.
o &k 16, I have shown a.variable resistance. in:the

feedback.path swhereby the amount _of feedback
energy--may-be -adjusted to a suitable ~value and;

the circuit prevented from producing self-oscilla~-

4ions.. . Jn- thescircnits:shown, this resistance per-

forms-the further function of supplying:grid:bias

potentialforithe: vacuum: tubes.
-Although:Thave ilustrated two: preferred forms:
- afxmy-invention, it-will be:readily. seen:to -those

skilled .in-the iart:that :further-medifications of
theparticularifilters-and :their coupling to.the
:regenerative tubesmay be used without: depart-

claim-to bessecured-hy.:Letters Patent is:
1. In a:system:forireceiving the: transmission

-eircuit, - such as-antenna circuit, and at O the:sifrequency-band of armodulated:signal wave, .an

input circuit, an output circuit, a band pass filter
arranged between said input circuit and said out-
put circuit designed to pass said transmission
band, a return circuit from said output circuit to

said input circuit including a unilateral conduct-:

ing device for returning part of the signal energy
to said input circuit and passing it through said
filter repeatedly.

2. In a receiving system for receiving the trans-

mission frequency band of a modulated signal:

wave, an input circuit, an output circuit, a band
pass filter arranged between said input cireuit and
said output circuit designed to pass said trans-
mission band and having control means for grad-
uzlly shifting the receiving wave band along the
frequency scale, and a return path from said cut-
put circuit to said input circuit including a vac-
uum tube having its input connected with said
output circuit and having its output connected
with said inpuf circuit. ;

3. In a receiving system for receiving the
transmission band of a modulated signal wave,
an input circuit, an output circuit, a three-elec-
trode vacuum tube having its input connected with
said output circuit and having its output con-
nected with said input circuit, and a band pass
filter arranged between said input circuit and said
output circuit designed to pass said signal wave.

4. In a system for receiving the transmission

band of 2 modulated sighal wave, an input circuit;:

an output circuit, a screen grid vacuum tube hav-
ing anode, cathode, control grid and screen grid
electrode, said input circuit being connected to
the anode and cathode of said vacuum tube, and

said output circuit being connected to the cathode-

and control grid of said vacuum tube, a band
pass filter also arranged between said input circuit
and said output circuit passing said signal wave.

5. In a system for receiving the transmission
band of a modulated signal wave, a sighal re-

11,20, .21:4nd:12:a second tine whereby, . in:the
~same:manner as-described in.reference to:Figure
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ceiving input circuit, an output ecircuit, a vacuum
tube having - anode, cathode,: control grid and
screen grid electrodes, said input circuit being con-

" nected to the anode and cathode of said tube and

said output circuit being connected to the con-
trol grid and cathode of said tube, a band pass

filter also arranged between-said input circuit

and said output circuit for passmg said s1gna1
wave.

6. In g system for receiving the transnussmn

band of a modulated signal wave, a-wave receiv-
ing input circuit, an output circuit, a vacuum tube
having anode, cathode, control .grid and screen
grid electrodes, said input circuit being connected
to the anode and cathode of said tube, and said
cutput circuit being connected to the control grid
and cathode of said tube, a band pass filter com-
prising two mutually coupled multiple tuned. cir-
cuits, said filter being coupled to said input circuit
and said ovtput circuits, resper’tlvelj, and passmg
said signal wave:

7. In a system for receiving the transmlssmn
band of a modulated signal wave, a wave receiv-
ing input circuit, an output circuit,; a vacuum tube
having ancde, cathode, control grid, and screen
grid electrodes, said input circuit being connected
to the anode and cathode of said tube, and said
output circuit being connected to the control grid

- and cathode of said tube, a two unit band pass

filter comprising two multiple tuned circuits cou-
pled serially by a single capacity and including
control means for gradually shifting the trans-
mission wave band. along the frequency scale,
said band pass filler being electrically connected
between said input circuit and said output circuit,

1,987,570

8. In a system for receiving the transmission
wave band of a modulated signal wave, a wave
collecting input circuit, an output cireuit, a vacu-
um tube having anode; cathode, control grid and
screen  grid electrodes, said input circuit being

.connected to the anode and cathode of said tube

and said output circuit being connected to the
control grid and cathode of said tube, a two unit
band pass filter comprising two multiple tuned cir-

cuits consisting each of an inductance coil and a;

variable capacity in parallel and bemg coupled in
series by a-capacity, one of said multiple tuned

. cireuits being in coupling relationship with said

input circuit. and the other one of said multiple

tuned circuits being in coupling relationship W*th;

said output circuit, said variable condensers of
said filter units being operated by a single control
means for gradually. shifting the transmission
wave band of said filter along the frequency scale.

9. In a system for receiving the traﬂsrmssmn
wave band of a modulated signal ‘wave, a wave

_colleeting input circuit, an output circuit, and a

two unit band pass filter comprising two multiple
tuned circuits consisting each of zn inductance

coil and a variable capacity in parailel and being-
_coupled with each other in series by a, capacity of

comparatively small value, one of said inductance
coils being in coupling relationship with said.in-
put, circuit, and the other of said inductance coils

being in coupling relationship with said output

circuit, and a single control means for said va-
riable condensers for gradually shifting the trans-
mission wave band of said filter .along the fre-
quency scale. -
HENRI FRANCOIS DALPAVRA’T‘
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