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15 Claims.

My invention relates.to selective networks, and
particularly to networks such as are used in radio
receiving apparatus. Itsbroad purpose is to pro-
vide a network which may be tuned over a range

5 of frequencies, and which will pass a limited and
substantially constant width frequency band, on
each side of the frequency to which it is tuned,
over its entire tuning range. '

An object of my invention is to provide a

_means of accurately adjusting the width of the
pass band of a tuned network.

Another object of my invention is to provide
a tunable band pass network. which is not de-
pendent upon magnetic coupling, and in which
the inductance coils may be completely shielded.

Still another object of my invention is to pro-
vide a selfcontained tuning and coupling unit
for use with such a band pass network. ’

A further object of my invention is to provide a
band pass network which may be used either as a
purely selective unit, or which may be used as
a coupling unit between the stages of an am-
plifier. ’ : :

My invention possesses other objects and valu-
able features, some of which will be set forth in
the following description of my invention which
is illustrated in the drawing forming part of the
specification. It is to be understood that I do
not limit myself to the showing made by the said
description and drawing, as T may adopt varying
forms of my invention within the scope. of the
claims. )

Referring to the drawing:

Figure 1 is a circuit diagram of the network
of my invention as used for coupling two tubes of

" g radio frequency amplifier. o

Figure 2 is a perspective view of a condenser
adapted for use as a combined tuning and cou-
pling device in the network of my invention.

Tn broadly descriptive terms the network of

" my invention comprises a pair of tuned circuits
having a common reactor, and a bridging reactor
of similar phase characteristics to the common
reactor connecting the circuits at a point remote

"y from the common reactor. In its preferred form
' capacity reactors are used as the common and
bridging reactors, and the bridging reactor may
be made as a part of the tuning condenser unit
used with the circuit. o :

Tn more detailed terms, Fig: 1 is a diagram

. of the network used as an intertube coupler in
a radio frequency amplifier. .In order:to sim-
plify the drawing but two tubes 6 and 7 of such
an amplifier are shown, the input circuit to the
tube 6 being represented by an impedance 8, and
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the output circuit by an impedance 9. These cir-
cuits may be networks similar to that to be de-
seribed in detail, or they may be conventional or
special circuits of other types.

. The vacuum tubes shown are conventional
friodes having filaments {1, control electrodes or
grids 12, and anodes or plates 13. 'The triodes
shown are the familiar battery type tubes, whose
filaments are supplied by an A battery (4 and
whose plate circuits are supplied by a B battery
18, but it is obvious that alternating current tubes
may be substituted or that tetrodes may ‘be used
in place of the triodes, without affecting the
performance of the band pass network which
connects them. 1

Connected to the plate of the tube 8 is a tuned
resonant circuit comprising an inductor 17 and
5 variable condenser 18. A similar tuned eircuit
comprising an inductance 19 and a variable con-
denser 21 is connected to the grid of the tube 1.
One of the sets of elements of the condensers
i8 and 21 are connected together, and to the
junction ‘of these condensers is connected a com-
mon; fixed condenser 22, the other side of which
connects to the low potential end of the two
inductors 17 and 19. The connection between
the condenser 22 and the inductor 8 is direct;
that between the inductor 1T and the condenser
22 is thru a blocking condenser 23 which is of
o, sufficiently large value to have no appreciable
effect on the tuning of the resonant circuit, that
is, it is of one to two orders of magnitude larger
than the condenser 22. : :

A lead 24 connects from the battery 16 to the
low potential end of the inductor {1 and thence
to the plate of the tube 6. The low potential end
of the inductor 19 connects to the filament cir-
cuit of the tube, preferably thru a biasing. bat-
tery 26. The inductors {1 and 9 are preferably
completely enclosed in shields 27.

A Dbridging condenser 28 connects the high
potential end of the coils 1T and 18. This con-
denser is of very small capacity as compared
to the condensers 18, The condenser 22 is of
very large capacity as compared to the condenser
i8. The method of selecting these capacities
will next be considered. :

The coupling network consists of two resonant
circuits which are very loosely coupled. It is
well known that the resonance curve of such a
pair of coupled: circuits differs materially from
that of either circuit considered by itself. As-
suming that the two circuits are substantially
identical and tuned to the same frequency, there
is a certain value of coupling, known as critical .
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coupling, where the top of the curve is substan-
tially  flat and the sides are very steep. That
is, there is a band of frequencies to which the
circuit responds at substantialy uniform inten-
sity, while frequencies without this band are re-
jected. 'Less than critical coupling weakens the
response, and gives slightly convex top to the

~-. response curve, while more than critical coupling
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also lessens the response but results in a concave- -

top curve, that is, in a curve having two “humps”
or maxima.

If f is the frequency to which the circuits con-
sidered individually are in -resonance, the fre-

" quencies of maximum response of the circuit will

be very nearly .
=11k

and
=41k,

where k.is the coefficient of couphng

" Experience has shown thaf for radio telephone
reproduction it is desirable to have -the circuit
respond substantially uniformally over -a band

‘of about 10 kilocycles, i. e. a band 5,000 cycles

on either side-of the frequency f of the carrier

(2715003 10%)3X 200X 1078C; —

wave. Experience has further shown that if. f’
and j’ are about 5,000 cycles apart or half the
width of the band, this result is very closely

2,018,140

_tained by making

Substituting in the equations for %1 and ka,
e 1 £, C2mEPL
P14 QaRLCy, T 1+ C(2nf) L

Since both k1 and k2 are very small, the ex~- g
pressions

& =(-21r'f)2_LCI’

and ka=(2nf)2LC2 are sufficiently accurate for
the purposes of computation.

If, as is desirable in networks of this char-
acter, the ratio of 1nductance to resistance in
the coils is high, a desirable pass band is ob-
—f'"=6,000 cycles at f=550
77=4,000 cycles at f=1,500 15
—f' =kf=(ki1+-k2)f,

10

kilocycles, and f'—
kilocycles. “Hence, taking f'—

- suitable values for %X are .0109 at 550 ke., and
- k=.0027 at 1500 ke. -

We may now put

k14-kz2=Fk at the two extreme frequenciesin the
band, and substituting in the above equations for
k1 and k2, and taking 200 microhenries as a suit=
able value for L, we- obta,m the sxmulta.neous
equa,tlons o8

20

, - -1 , '
(2rX 550X 109X 200X 10°C: + (7 ses sy a00 K To-ic, = 0109
o1 e
(27X 1500X 107X 200X 10-°C; 0027 4
solving for Ci and €z we obtain
1=3.90x10-8 farads—.039 mf.
Ca=.07x10-12 farads=.07 m.m.f. -

approximated. Owing to the variation of re-
sistance ‘in radio frequency circuits- with . fre-
quency, and the corresponding change in. shape
of the resonance curve, it is desirable that f* and
7 be slightly farther apart on the lower fre-

-quencies and slightly closer on the higher, but

the rule given is suﬂiclently accurate for a first
approximation.

Where & is small the difference f’—f" is very
nearly fXk. It is therefore evident that if & is a
constant, the band passed by such a network
varies almost directly as f. ' -Considered in terms
of the present radio broadcasting frequency
spectrum, from 550 kilocycles to 1500 kilocycles,

-the width of the pass band will be approximately

three times as great at the high frequency end
of the band as at the low frequency end. In
order to pass a band of constant width, ¥ must
be made to vary substantially inversely as the
frequency. .

In the network here described & comprises the
sum of two components, the first being. due to
the - coupling introduced by.the condenser 22
which may be termed ki, while the other is due
to the condenser 28 and may be termed %z, Call-
ing the capacity of condenser 22 C: the capacity
of condenser 28 Co, and the capacity of con-~
densers i8 and_ 21C,

c
B h=trc’
and E
] ‘c,
k=T

As C is the tumng condenser, its- capacity
varies with the frequency to which the network
is tuned, and if the 1nductances 11 and 19 are each

: equal to L,

C=GmhiL.

It will be realized that while the former capac-
ity is relatively large as radio capacitances go; the
capacitance C: is so small as to be with difficulty
obtainable, The method of securing an accurate
capacitance of ‘this: value -which I.prefer, is to ¢
make the tuning unit of the well known “gang
condenser” type as shown in Figure 2, in which
the two rotor members 31 and 32 are electrically
connected .to. a common. shaft 33 which  is
grounded to the condenser frame 34.. The stator ¢
members 36 and 37 are insulated from the frame
and supported by the strips 38 m the usuaJ
manner. - .

Complete sh1e1d1ng, indicated in Flgure 1 by :
the dotted lines 39, surrounds the individual tuned §o-
circuits. The shield 41 between the two stator
sections, forms a part of the general shielding,
and this shield is cut-away as shown at 42 to
provide a capacitance of the proper magnitude
between the stator members.. The area of the §§:
opening in.the shield depends, of course; both
upon the magnitude necessary. for the coupling
capacity C: and upon the spacing of the stators;
the latter being determined by mechanical con~
siderations. :

I am, aware that 1t has been proposed to eon=
struct .constant width tuned band pass networks
by a combination of capacity and inductive cou-
pling. This system, however, inevitably intro-
duces accidental -capacity couplings between. the 65
inductors which practically vitiate its usefulhess.
The method of my-invention, however, enables

60

- the designer to reduce the.inductive couplings to

substantially nil,-leaving. only.the precalcu.lated
capamty couplings to affect the circuits, ~ - - 70"
-The figures given in the above example are to

‘be considered as illustrative only, and have not .

been determined .with greater than .slide rule
accuracy. .Second . order .infinitesimals -have,
moreover, been persistently neglected both in the ¥s:
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derivation of the formulas and in the computa-
tions. The results, however, are- sufficiently ac-
curate for all ordinary purposes, and exact re-
sults may be obtained by methods which are
published in many texts and are fan’uha,r to those
skilled in the art.

I claim: ‘

1. A band-pass network comprlsmg a pair of
tuned circuits having a common capacitor there-
in and a bridging capacitor between said circuits,
said capacitors being proportioned to provide a
substantially constant width of pass band as said
circuits are tuned syntonously over a range of
frequencies.

2. A band pass network comprising a pair of
similar tuned circuits having a common capacitor
therein, and a bridging capacitor between said
circuits, said’ capacitors being proportioned to
provide a substantially constant width of pass
band with variable tuning of said circuits.

3. A band pass network comprising a pair of
tuned eircuits each comprising a fixed inductor
and a variable capacitor, a capacitor common
to said circuits and having each of said induc-
tors and capacitors connected thereto, and a
bridging capacitor connecting the junctions of
said inductors and variable capacitors remote
from their connections to said fixed capacitor.

4. A tuned band pass network comprising a
pair of resonant circuits having fixed inductors
with. substantially zero mutual inductance and
variable capacitors, a capacitor common to said
circuits, and a bridging capacitor connecting said
circuits at a point remote from said common
capacitor.

5. A tuned band pass network comprising a
pair of resonant circuits having fixed inductors
with substantially zero mutual inducance and
variable capacitors having a mutual capacitance
between the elements thereof, and a capacitance
common to said circuits,

6. A band selective transmission network com-~
prising a par of syntonous tuned circuits, each
comprising an inductance and a variable tuning
capacity, means for varying the tuning of said
circuits simultaneously, coupling means compris-
ing a capacity common to both of said circuits
and additional coupling capacity connecting said
tuned circuits serially, said common capacity he-
ing large compared with the tuning capacities
of said tuned circuits and said series capacity
being small relatively thereto,

7. A band-pass network comprising a pair of
tuned circuits each comprising a fixed inductor
and a variable capacitor, means for varying the
tuning of said circuits simultaneously, a capaci-
tor common to said circuits and having one ter-
minal of each of said variable capacitors con-
nected to one terminal thereof, additional cou~
pling capacity between the other terminals of
said variable capacitors, said additional capacity
being constituted by direct capacitance between

said variable capacitors and partial shielding.

means between said variable capacitors adapted
to limit the direct capacitance to a value which

in cooperation with the common capacitance will -

maintain a substahtially constant width trans-
mission band throughout the tuning range of the
network.

8. A band-pass network comprising a pair of
tuned circuits each comprising a fixed inductor
and a variable capacitor, means for varying the
tuning of said circuits simultaneously, a capacitor
common to said circuits providing low impedance

coupling therebetween, and additional coupling
capacity between the terminals of said variable
capacitors remote from said common capacitor,
said additional capacity being provided by direct
capacitance between said variable capacitors and 5
being proportioned to cooperate with said common
capacity to maintain the pass-band substantially
constant in width throughout the tuning range of
the network. . :

9. The combination with two serially connected 19:
inductances having substantially :zero electro-
magnetic coupling, of a capacitive coupling be-
tween the non-common ends of said inductances,
a condenser having one terminal connected to the
junetion of 'said inductances, a pair of tuning 15
condensers having a common terminal connected
to the other terminal of said first condenser, the
opposite terminals of said tuning condensers be-
ing connected to the respective non-common ter-
minals of said inductances, and mechanical means 20
connecting the adjustable elements of said tuning
condensers to insure their simultaneous adjust-
ment, the tuning condensers and inductances hav-
ing such values that the two tuned circuits re-
main continuously in resonance throughout the 25
range of adjustment of said tuning condensers.

10. A high frequency network comprising a pair
of resonant oscillation ecircuits having fixed in-
ductors with substantially zero mutual inductance
between them, variable tuning condensers con- 30
nected to said inductors having a mutual capaci- -
tance between stator elements thereof, said ca-
pacitance providing electrostatic coupling be-
tween said circuits, and a single means for simul-
taneously adjusting said tuning condensers. 35

11. A high frequency network comprising a
pair of resonant oscillation circuits having fixed
inductors, means for shielding said inductors
whereby there exists substantially zero mutual
inductance between them, variable tuning con- 40
densers connected to said inductors having a

. mutual capacitance between stator elements

thereof, said capacitance providing electrostatic
coupling between said circuits, and a single means
for simultaneously adjusting said tuning con- 45
densers.

12. In combination, in a high frequency trans-
mission system, a source of high frequency energy,
a tunable oscillation circuit coupled thereto, a
high frequency space discharge amplifier, a sec- 50
ond tunable oscillation circuit between said first
circuit and said amplifier input circuit, and com-
pound coupling means between said first and
second tunable circuits consisting of a capacitor
common to said tunable circuits and a bridging 55
capacitor between said tunable circuits, said ca-
pacitors being so proportioned as to provide a sub-
stantially constant width of pass band with
variable tuning of said circuits.

13. In combination, in a high frequency trans- 60
mission system, a source of high frequency energy,
a tunable oscillation circuit coupled thereto, a
high frequency space discharge amplifier, a sec-
ond tunable oscillation circuit between said first
circuit and said amplifier input cireuit, com- 65
pound coupling means between said first and sec-
ond tunable circuits consisting of a capacitor com-
mon to said tunable circuits and a bridging ca-
pacitor between said tunable circuits, said ca-
pacitors being so proportioned as to provide a 70
substantially constant width of pass band with
variable tuning of said circuits, and means for
simultaneously and similarly tuning said oscilla-
tion circuits to a desired frequency.

14. A receiver comprising a pair of adjacent T8
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radio frequency amplifying stages; each stage be=
ing provided with a tuned circuit: including- ca~
pacitive tuning means, said capacitive tuning
means of both stages being so: constructed and
arranged as to provide. capacitive coupling be-
tween the respective tuned circuits of said ad-
jacent stages, and a capacitor common to said
tuned circuits, said capacitive coupling and said
common capacitor being so proportioned asto pro-
vide a substantially constant width of pass band
with syntonous tuning of the circuits.

15, In a receiver, a stage of radio frequency
amplification, a subsequent radio stage, a tunable
circuit associated with each of-said stages, tuning

" means in each of said ¢ircuits for tuning the latter

‘2,018,140

to ‘any desired frequency. in: a- predetermined
range: of frequencies, said tuning means:compris«
ing a pair of adjacent variable condensers each
having a plurality of stator and rotor plates, the
rotor plates being: mounted on a common control
shaft, coupling between the said stages being pro-
vided by the capacity between adjacent stator
plates of-the adjacent condensers,-and addition-
al coupling between the said stages being provided

by a- capacitor common: to both of said tunable 10-

circuits,. whereby a substantially -constant- band
width is mainta,lned w1th syntonous tumng of- the
circuits.

JOHN S. LOW.
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