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13 Clalms

"The present invention relates to band pass
filters for high frequency radio signaling cir-
cuits and the like, such ‘as are found in radio
frequency and intermedidate frequency amplifiers
of radio receiving systems. :

The invention relates more particularly to in-
termediate or constant frequency amplifiers, and
has for its object to provide an improved band
pass filter network which may provide two points
of signal attenuation adjacent to the pass band
of the filter, to provide sharp cut-off of undesired
signals and to provide a rela.twely high input and
output impedance, whereby the filter is adapted
to be used as an interstage coupling means in
connection with high gain, high 1mpeda.nce ampli-
fier tubes.

In one of its,aspects, the invention:contem-
plates an. improvement upon the circuits shown

.in patents to Mason 1,967,249 and 1,967,250 to

obviate the necessity for utilizing a crystal as the
filter means, whereby the cost of the filter is
reduced. -

A form of band pass ﬁlter to Whlch the 1nven—
tion is readily adapted is that known as an M-de-
rived band pass filter w1th m1d-shunt termina-
tion. :

It is;an obJect of.the present 1nvent10n to pro-
,v;de means for compensating the positive resist-

-ance in the attenuating circuits-by a single cir-

cuit element connected between two points on the
filter network and to improve the input: and out-
put. impedance of a filter network of the character
aboye referred to. . .

- It is-a further: obJect of the present 1nvent10n
to prov1de @ high impedance: band pass filter,
with the same attenuation and cut- off character-
istics as a . dissipationless filter, without usmg
crystal filter elements therein. ,

It is a still further object of the present 1nven-
tion to.provide a practical circuit for: obtaining
infinite attenuation at a :plurality of rejection
frequencies in a band.pass:coupling network in

.connection with high gain amplifier.tubes, with-

‘out resorting to complicated means for effecting
resistance cancellation -therein.

- The invention ‘will be-understood from the fol-
lowing description, when: considered in connec-
tion with the- accompa,n"ymg drawings, and its
scope will be pointed out in the appended claxms

--In the drawings;

Figure 1 is a schematic circuit dlagram of a
portion of ‘a high frequency or intermediate fre-
quency amplifier embodying the invention, -

Figures 2 and 3 are curves illustrating certain

(CL 178—44)

operating characteristics of the system shown in
‘Fig. 1, and

Figures 4,5 and 6 are schematic circuit dia-
graims of modiﬁcations of the invention shown in
Fig. 1.

Referring -to Fig. 1, a plurality of high gain
screen grid amplifier tubes 10, Il and 12 are
‘connected in cascade relation to provide a multi-
stage amplifier; having input leads 13 and output
leads 14. The amplifier tubes are coupled, in ac-
‘cordance with the invention, by means of filter
networks indicated generally at 15 and (6, the
former being interposed between an output cir-
cuit 1T and an input circuit 18 of the first and
second stage tubes 10 -and 11, respectively. The
-second filter network 16 provides coupling means
-for the output circuit 19 of the second stage tube
‘i1 -and ‘the input circuit 20 of the third stage
tube 12.- Suitable output coupling means 21 and
22 are provided for the output circuits 17 and 19
‘and ‘similar coupling means 23 and 24 are pro-
vided for the input circuits 18 and 20.

Coupling with the output circuit 25 of the tube
12-is provided by a tuned transformer 26 having
a tuned primary winding 27, and a tuned second-

ary winding 28. This provides a-pair of coupled -

tuned circuits following the filter networks in the
signal amphﬁer circuit.
-~ Each of the-filter networks is of the T type
comprising series inductances: L1 and L, forming
with' shunt -capacitors. C1 and Ci, and providing
a-predetermined band width, with cut- off fre-
quencies ‘at either end of the band as is well
“knowd,  The low potential side of the circuit is
indicated by a terminal D through which: the.
f capamtors Cq1 and C: are connected to the ground
jlead 29°and chassis ground 39 of the amplifier. -

The capacities represented by C: and C: may in
part be supplied by fixed or variable capacitors
“and may also be provided by the .internal tube
capacities -‘connected ‘therewith.  With high in-
ductance elements; these provide relatively high
input and output impedances for the filter net-
’Work in- connection with the tubes.

" Pilter-networks of this-character are referred
to in the patent to Zobel~“1,5638,964 issued May
26,1925 and-are also referred to in the patent to
-Bode °2,002,216, issued May 21, 1935.- The
bridged-T type of network shown includes equal
inductances In and I: and the capacitors Ci and

Crin shunt rather than in series whereby the -

“impedance-of the network at the input terminal
A and the output terminal B is raised to a value
suitable for use between high impedance amplifier
’devmes of the type shown a.t 10 and i1i.
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Furthermore, the shunt circuit or stem of the
T network comprises two tuned series resonant
circuits comprising capacitors C2 and Cs and

series inductances Lz and Ls. These are provided .

by inductors having variable magnetite core tun-
ing as indicated, whereby the résonance frequency
of the cir¢uit is variable in conjunction with fixed
capaciters at Cz and-Cs.- The inductances L1 and
L preferably are also provided by variable mag-
netite cores as indicated. Adjustable core in-
ductances are known and extensively used, and-as
shown, may be of any suitable type. In the filter
network shown, the use of variable 1nductance

devices,  particularly with: -magnetite - cores, not. . -
_ance.at the. frequency- F1, while the circuit Csls g

only permits.variable tuning-to-an- ‘aceurate fre-
quency response, with permanent adjustment, but

permits’ the inductance -of; such::devices to..be.;

relatively ‘high as is desirable to pelmlt the use

“of series tuning capacitors havmg relatively-low

capacity. ... -
It will be noted that two serles tuned 01rcu1ts

.connected in parallel provide the: stem . of the T

< -network. These circuits.are. tuned to dlffermg

‘frequencies, on opposite sides of the pass band
‘That is, each is tuned to-a frequency adjacent to
‘and outside the. pass.band, for attenuating sig-

nals  adjacent in. frequency- to -the cut-off fre-

" .quency .of the filter- network at each end of the

pass ‘band.. 'I'hey are, therefore, dlss1pat1ve re-
actances ‘in the stem of the T. structure of the
network. .

It has been found that a h1gh degree of at-

tenuation may be provided. by this arrangement

- and. that the resistance of -the attenuation eir-

Py

-cuits may both be cancelled by the single resistor

- means R connected between the input terminal
A and the output terminal B.of the filter net-

‘work, thus e11m1nat1ng the necessu:y for -an ad-
. ditional stage for attenuatmg both :sides. of the

pass band.as has heretofore been con51dered nec-
essary.

- The two meshes L1——C1 are each tuned to the_
mean- frequency . of the-pass. band, The mesh

. Le—C3 is tuned to one attenuation peak outside

" the-pass band, and L;—Cs is tuned to the other

attenuatmn peak. For example as mdlcated at

 Fiand Fain Figs.-2 and 3. the. mean band pass

.value. for- infinite - attenuation.:
»characterlstm is mdlcated by the curve’ 35 1n :
- Fig.:3. -

frequency is indicated-at F.: Con51der1ng Le—C2
and L3—Cs-in para]lel it w111 be:seen. that: there .
are two frequenc1es at - wh1ch the 1mpedance of -

the'stem of the T network may assume the proper

It should be noted that thls performa,nce curve

has high attenuation immediately: on either side:

- of the:pass band but that the attenuation is re-

o

duced. at frequenc1es farther removed from the

pass band. Accordmgly, .in ‘order fo- obtam 8

hearer approach to.an. ideal Tesponse curve, ‘the

-filter section or ‘network .16 is provided between -
‘the amplifier tubes 11 and 2.

-This is.the same
as the filter sectlon o) network 15 and: corre-

"Vspondmg elements are 51m11ar1y de51gnated The

UGS

-filter network 16- ‘may-be tuned in the same man-

“ner but for. attenuatmn at. peaks farther removed
- from the pass band.: In Fig. 3 the response char-

Lo acterlstlc of the ﬁlter 16 is-indicated. by the curve
86 s

-Junctlon w1th the transformer 26 prov1des fur-
. ther attenuation:at:a.greater dlstance from: the

.attenuation peaks of the filters, as.indicated: by
:the curve 3% in Fig.. 3Hwhereby 1nterference .ad-

The response “shunt capacrty as is desirable.

:¢ircuits- are partlcularly well adapted- as’ couplmg e
" Umits . between -high'gain . amplifier: tubes,

2,167,079 , SR R T SR

what widely removed from the pass band is ef-
fectively prevented through the cooperation of

the two filter sections and the tuned coupled

circuits in conjunction with the coupling trans-
former 25.

- In this network, the T-network between points
A and B causes a voltage at B, 180° out of phase
at the rejection frequencies, which voltage is can-
celled by a voltage drop through the resistor R
at the point B. ‘This is accomplished with a pair

..of dissipative resonant circuits in an M-derived
. band. pass filter, with but one resistor between

points A and B.
:In. these circuits. Ce—I2 provide a low 1mped-

provides-a low- impedance at Fa2. ‘The parallel

~.compination .resonates at the frequency F, as
shown In Fig. 2, thereby preventing attenuation

at-the mean frequency of the pass band. With
the resistor R properly adjusted, the attenuation
at the frequenc1es 71 and. s made “substan-
tially infinite. _The response - characteristic “of .
the reJector circuit Cale is indicated by the curve

10

40 and that of “the circuit CsLs 1s mdlcated by .

the curve 41 in Fig, 2.
~ In Figs. 1 and 4 the proper value for Ris g1ven

by the formula

‘-'-’ZLI ]
Ry

' 30
in-which Ry is the eﬁectlve series’ re51stance ‘of

L2C2 or 1sC3 at resonance.
value for R is glven by the formula

R= RzL2

-in whrch Ra:is- the effective: series re51sta.nce of
LsCz-or L3Cs:at -resonance.:
-value for R.is.given by: the formula R=4Rg,-in

- In Fig, 6 the proper

which:- Ra ‘is. the effective .series -resistance ~of
T2C2 at Tesonance.
adjusted when the effective “resistance:.of:-the
rejector circuits is reduced- to substantlally Zero
or minimum: value.: -

:In-the filter circuits -5 and lG 1t w111 be noted
that the terminal resistance and the points of
application and-utilization. of-the signal are par-
alleled: by the~termina1 -capacitors Ci: and:Ci.

cuits in the input.and:output -elements. of: the

filter network accomplishes-a desired increase’in

impedance: level,- and the:-circuits  terminate-in
‘Therefore, these

shown. While: these ¢ircuits-are not: cons1dered

‘to be conventional,- -it-has-been found that ‘they

operate to provide:- the- :desired - ‘response-curve,
partlcularly when - the “circuits LiCi ‘are: slightly "

detuned- from:‘the medn pass band frequency to -
-obtain a ‘flat. trarismission ‘in- the pass band as -
{indicated by. the curve 35:in Fig. 3. . :

Referring :now. to: the ‘circuits shown : in: F1gs

" 4 and:5,in case that the plate requirements:are

relatively -heavy, the-input and. output .circuit -
elements LaCi may. be interchanged as indicated,

In Fig. 5-the proper '

In-any:case, R is properlyr :

~This change from:series. to-parallel resonant c1'r-: -

s :

to provide the inductance elements L1 in shunt g
across the filter circuit-and, since: these elements

are of ‘relatively high: mductance .the:high dm-.
pedance 1nput characterlstlc of the ﬁlter is mam-

‘tained.

For: the: purpose of readlly comparmg the 011‘-
cu1ts of Figs: 1; 4 and-5;.the same reference char-

~acters are apphed to, like, parts; throughout.: In;
this arrangement it will be seen that the 1nduct-—
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ance Ly at the input circuit is in series with the
anode circuit I7T of the tube 10 in Fig. 5 and the

inductance in the input side of the network . of -

Fig. 4 is in.a similar position to convey the plate
current in lieu of:a resistor or other coupling

" device.

10

15

20

25

30,

35..

“flat transmlssmn in the pass band, it is desirable .
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In Fig. 5 the filter. circuit is further modified .

to provide the rejector circuits CzLa:and Csla in
series in the filter network, while the compensat-
ing resistor R is connected in the low potential
side of the filter network in series with both in-
ductances or 1nductors 1.
of Fig. 4, has the advantage that one of the in-

ductors is arranged to carry the plate current of .

the tube to which the network is coupled. Fur-

‘thermore, this c1rcu1t permits the tube capacity
to be used as part. of the ﬁlter input ecapacity,

whereas in Fig. 4 the filter does not call for a
terminal shunt capacxty Therefore the circuit

of Fig. 4 is useful only. when the ﬁlter capacity:
“Cy, for example is less than the tube capacity by
a relamvely wide margin. This is a bridged T .

structure in which the arms are similar.react-:

ances, as in Fig. 1,-but with the bridging im- -
pedance prowded by one -or more dissipative
“parallel reSonant circuits, while the resistance R

is located in the stem of the T structure. :
‘Viewed in one way, the dxss1pat10n in the paral-
lel resonant. circuit or circuits may be said to be

substant1ally nullified when R is of sufficient re-.
'sistance to prov1de a voltage equal to the im-

pedance.drop ‘in the reJector circuits at the re-
Ject1on frequency.

‘In conJunctlon w1th the method of detuning
one or more of the circuits InC: to provide a

also to concentrate at one end of the filter net-
work’ the damping or resistance by means of a

single terminal resistor such as the resistor 45 in -
Fig. 5. This may be adJusted until .the proper-
“amount of damping. is obtained and this is de-
términed by- the fact that the shoulders of the.

pass band frequency characteristic have less tend-
ency to droop when the terminal resistance is con-
centrated at one end of the ﬁlter network

‘Likewise in the circuit of F'xg 1, the resistors 21 .
and 23 are preferably W1de1y d1ﬂerent in value, :

23 being high and prov1d1ng substant1ally no load,
whereby the loading of the filter is at one end and
provided by the resistor 21..

Referring now to Fig. 6, a filter network. 46 is
shown in which the rejector circuit of Fig. 1 is

modified to form a bridged T structure within the.
T structure of the filter network which includes -
.the input shunt capacity 41 as Ci, and series in--
‘ductance 49 as Li at the input end, and. the

output sefies ‘inductance 50 as I and the shunt
capacity 48 as Ci at the output end. The re-
jector circuit comprises a dissipative reactance
in the stem of the T having the capacitor sec-
tlons 5l as
Cs
. . 2:
in each arm of the T and providing reactances

“of opposite sign. The bridging impedance is the

resistor 54 having approximately four times the
resistance of the stem reactor. 52.

‘If the capacitors 51 are each made equal to
one half of the capacity C:z of Figs. 1, 4 and 5,

‘and the inductor 52 made equal to the inductor

La, the filter network is then effective to at-
tenuate one side of the pass band, for example,
at the frequency F1 of Fig. 3, while the resistance

of the rejection circuit including the.inductor 52.

This circuit, like that .

is effectively reduced to permit attenuation at the
frequency F: to be, substantially infinite.
In Fig. 6. the infinite attenuation occurring. at-

the resonant frequency. of I.2C2 can be easily:

understood -through the - following explanation.
Assuming for the moment that L:. (50) is open
circuited; the current. in the two halves of Cz are
substantially equal because the impedance 4Rz is
small compared to the reactance -of Ca:
the current in 4Rz is one-half the‘current in Ra
(the re51stance of Ly). ‘.
.The power dissipated in 4R2 is

(—) 4R2 equals- I’R’z .

The power dlss1pated in R: is 12Ra.
The total power dissipated is 2I2Ra.

Hence the effectwe 1mpedance to ground from‘

point 55 is 2Ra. .
The input voltage equals I2Rs. The voltage drop
“across 4Rz equals -

) —{ 4R, equals 2IR2 ’

The voltage drop across 4Rz being equal t0 the ’25

“Reconnecting coil In (50) has no eﬂ'ect_ ;

input voltage, the point 57 is at ground poten-
tial.
since the voltage applied to it 1s Zero.

Since the currents.in ‘the two halves of C: are '

not exactly ‘equal the exact frequency of infinite
attenuation is shghtly removed from the resonant
frequency of LeCs..

From the foregoing. descr1pt1on it w1ll be seenj';

that advantage may be taken.-of the use of band
pass filters in high frequency amphﬁers part1cu—;
larly intermediate frequency amphﬁers as. cou-

pling units between high impedance circuits and .
that a plurality of 1eJect10n frequency points may

be introduced into the response characteristic of.

the amplifier by providing a suitable number, of .
filter coupled amplifier ‘stages, with or w1thout :

the simple addxtlon ‘of a pair of tuned coupled
01rcu1ts to extend the attenuatlon range on ea,ch
side of the band pass characterlstlc

The filtér networks shown and described. have

the advantage that they may be terminated by .
unequal resistances with “one res1stance lumped

at either end of the filter thereby to compensate
for undeszrable peaks in the response character-
istic and’ to prov1de a_stibstantially flat’ response
over the pass range of the’ filter.

Furthermére, the filter hetworks shown and

described have the advantage that'a plural1ty of

rejection circuits may be neutrahzed as to their-

resmtance whereby a high degree of attenuation is

attained by the use of a singlé. resistor in the.
circuit arranged in an opposite branch to the :

filter branch contammg the rejector circuits.

I claim as my 1nvent10n

1. In a band pass signal filter network having
at least two branches, the combination of a pair

Hence -
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of dissipative resonant circuits in one branch of

the network providing two frequency points of

high signal attenuation on opposite sides of the -

pass band of the filter, and a single resistor hav-
ing substantially no frequency characteristic
connected in another branch of the network to
improve the attenuation at both of said fre-

. quency points,. said resistor having a resistance

value such that the effective resistance of each

63

70

of said resonant circuits is thereby reduced to

a minimum value.

2. In a band pass signal filter network having’

at least two branches, the combination of a pair

of dissipative resonant circuits in one: branch of 75




4 R 2467079

the network: providing twe frequency ‘points of -
hlgh s1gnal attenuati n on opposite sides_v -ofthe-

substantially no- frequency characteristic ‘ton=-

5. nected «in another branch of the network to im-~ :

o V- means. promdlng two frequency points of: ‘high'

: : attenuatibn on oppos1te s1des of. the pass band of
providing eﬁectlve dampmg of the band pass ™ ¢

circmts thereof,: ‘said--last™ na,med ‘means - com=-:

. 1o.DHsing terminal resistors: having widely- iinequal-

values providing for concentratmg sald'dainping
-at-one end-of the filter, said" damping~being ad-

Justed for a substantia]ly flat thand pass re-

-sponse characteristic.
3. In a band pa.ss ﬁlter.

and means providing terminal resistances in said
filter; unequal to a degree at ‘which the response
characteristic in. the pass band is. substantially

flat, sald: last. named means comprising: .terminal

.'impedance terminal _circuits

equa] values' hereby”the' ampmg is concentrat-
ed at.one end of th
4 Ina multi-stage signal amphﬁer -the com-

30 bxnation of a plurality of ampliﬁer tubes ar-"
ranged ‘in‘ cascade relation to each other" to pro-
vide a s1gnal amplifying channel, and means pro--
vrding an 1nter-stage coupling devxce between at

. least two- of sard ampliﬁer tubes comprising an "’

35-M=derived- band pass ‘signal ‘filter having at least .

two branches, a pair ‘of dissrpatwe resonant cir="

cuits in one branch of the network tuned to two -
differlng reJection frequencxes, a s1ngle remstor‘,
connected: in’ another branch of” the network to”

40+ compensate the’ res1stance of said’ resonant cir-"_
cuits* Jomtly whereby substantially inﬁnite at<""
tenuation is provrded by said cu‘cults, ‘and- means'
for extending the ‘width of the reJection frequency ;
band comprising a pair of tuned coupled circuits -

45 1nterpo ed in“the’ 51gnal amphfying cnannel and

tuned ‘to'the mean frequency of the pass band of
" said” channel e

5. In" an; M- derived band pass 51gna1 ﬁlter the T

combmation of means’ providing two points of

50 -high™ attenuation on opposrte sidés of the’ pass
bandof . the filter, said first named means. “dom-"
prismg‘ two' parallel’ resonant reJector circuits .
tuned to diﬁering frequencies on either sxde of
- the pass band of the filter ‘and said ‘rejector cir=

53 cuits being in series ‘With each other" ‘to’ provxde“"_

~in combination the ‘series elemeénts of a r struc-.'
. ture of dissmative reactive elements; and a Te-.
sistor common to the ground return circuits’ of -

" both legs of the = structure, whereby the attenua-

60 tion is 1ncreased at the resonant frequency of

_each rejector cireuit.
6. In a multi-stage. high frequency signal am-

pliﬁer comprlsing a plurality of electric discharge .

amplifier devices, the combination of a plurality
65-of M-derived band pass filters connected between
said devices as interstage coupling means there-
for, one of said  filters having at -least . two
branches, a pair of dissipative resonant circuits
-in ‘one branch of said filter providing ‘high ‘at-

70 ‘tenuation on opposite sides-of the pass band of
‘said filter, “a resistor connection  in- another '

branch of the filter providing cancellation for
- the resistance of said circuits jointly, and means

providing unequal res1stance termination for said

{3 ﬂlter

¥

'the combinationi of a: ,

-nal resxstances ‘of

frequency 51gnal am-

7 In 8 multi-stage ~hi‘g‘

pedan for the T structure havmg ‘% resistance” 28~
of- substantlally* Fouy- ‘times-the reslstance of the
resonant- circurt_‘ provided by the: stem of the T

tion, a plurahty -of high gain electric discharg
tube amplifier-stages;: a band- pass filter network "
in at least one of said stages, said'ﬁlter network

havm' «rat least 'WO ‘b

the network for compensatlng the resxstance of
sald_ re_sonant circurts thereby to render the at- 40"

further character ,
d.filte 'network 1s provxded
at-ene ‘end of ‘the’ ﬁlter twork by a coupling
impedance in one of the tul g-circuits,” 50
11.°An ‘intermeédiate: frequency amphﬁer for a.
superheterodyne Teceiver- as deﬁned in ¢laim’ 9
further’ charactenzed by the fact ‘that a second
band ‘pass filter is’ ncluded 1n a8 second’ ampiifier
stage ‘as the’ :couplmg means’ therefor ‘said band: 58"
pass filter havmg reJectlon ¢ircuits tuned to dif=~

“fering: Téjection frequenmes from the first ﬁlter

thereby -to w1den the attenuatmn band on op<";
posite-sides 6f-the- pass. band of the amphﬁer ’

12 An intérmediate: frequency amplifier; for & 60
superheterodyne receiver as defined in claim’ 9 V

_further characterized by the fact that a second

band pass filter is included in a second amplifier
stage as the coupling means.therefor, said band
pass. ‘filter Having Téjection. circuits tuned to dif- .65 -
o] ction frequencies ‘from the Afirst ﬁlter
thereby to widen.the’ ‘attenudtion band.oh op~
posite sides .of the pass’ band of the, amphﬁer. ‘
and that a pair.of tuned coupled circuits -is in-:
cluded in the amphfymg channel in cooperation 70';
with said filters. to provrde a further ‘exterision

of the’ attenuation range on opposite suies of the '
pass range of the amplifier.

13, A filter’ system.comprising in combination, .
means providing & fejector “circult” comprising 'a 18
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bridged-T structure having two arms and a
stem, a dissipative reactance in the stem of the
T structure, means for causing the arms of the
T to be reactive and equal to each other, and
of such a reactance value when used in parallel
as to resonate with the stem of the T to a re-
jection frequency, means providing a bridging

impedance for the T structure having a resistance
of substantially four times the resistance of the
resonant circuit provided by the stem of the T
and two reactive arms, and means providing ac-
ceptor circuits at the input and output ends of §
said rejector circuit.

VERNON D. LANDON.




